TITLE OF THE | NVENTI ON Thi n-Fi | m Magneti c head BACKGROUND OF THEUOQiﬂi“Q
| N\VENTION Field of the I nvention This invention relates to a

magnet or esi stance effect type thin-filmmagnetic head for detecting“ﬂf'*
pl ayback signals by the nagnetoresistance effect, convenient for use in,
for exanple, a hard disc device. Description of the Related Art In
a magnetic recordi ng device, such as a hard disc device, there is a denmand
for a higher recording density for increasing its recording capacity. For

i ncreasing the recording density, the recent tendency is to use a

magnet or esi stance effect type thin filmmagnetic head ([err] MR head")

which is a magnetic head suited for reducing track w dth.
TITLE OF THE INVENTION

Thin-Film Magnetic head
BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a magnetoresistance effect.type
thin-film magnetic head for detecting playback signals by the
magnetoresistance effect, convenient for use in, for example, a
hard disc device.

Description of the Related Art

In a magnetic recording device, such as a hard disc device,

there is a demand for a higher recording density for increasing
its recording capacity. For increasing the recording density, the
recent tendency is to use a magnetoresistance effect type thin
film magnetic head (eﬁR head") which is a magnetic head suited
for reducing track width.

Basically, the MR head is made up of a magnetoresistance

effect element 101 and electrodes mounted on both ends of the
magnetoresistancé effect element 101, as shown in Fig.l. The
magnetoresistance effect element 101 has a magnetoresistance
effect film the specific resistance of which is changed depending
on the intensity of the magnetic field. The sense current is
supplied to this magnetoresistance effect element 101 from both
electrodes 102 for de;ecting the changes in resistance in the
magnetoresistance effect element 101 by the signal magnetic field

from the magnetic recoding medium for obtaining the playback



Basically, the MR head is made up of a magnetoresi stance
101 and el ectrodes nmounted on both ends of the

el enent 101, as shown in Fig. 1. The magnet or esi st ance effect el enent
101 has a mmagnet or esi st ance effect filmthe specific resistance of which
I s changed dependi ng on the intensity of the magnetic field. The sense
current is supplied to this magnetoredd stance effect el ement 101 from
bot h el ectrodes 102 for detecting the changes in resistance in the
magnet or esi stance effect elenent 101 by the signal magnetic field

t he magnetic recodi ng nmedi um for obtaining the playback

out put based on the changes in resistance. The MR head has characteristics
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speed of the recording medium thus achieving high playback output
despite low speed of the recoéding medium.

Usually, the magnetoresistance effect film is magnetically
unstable such that the magnetic wall in the film is moved by the
external magnetic field. Thus the MR head suffers from a problem
thaf the Barkhausen noise is produced due to the movement of the
magnetic wall of the magnetoresistance effect film in the
magnetoresistance effect element. Thus it is crucial in the MR
head to secure magnetic stability of the magnetoresistance effect
film in the magnetoresistance effect element to reduce the

Barkhausen noise.

For overcoming the above problem, there is proposed a

magnetoresistance effect element having a magnetoresistance

effect film stabilizing layer operating for increasing the
magnetic stability of the magnetoresistance effect film. This
magnetoresistance effect element has a magnetoresistance effect
film hav;ng the magnetoresistance effect, a non-magnetic
insulating film having this magnetoresistance effect film layered
thereon, and a magnetoresistance effect film stabilizing layer
having the non-magnetic insulating film layered thereon.

This magnetoresistance effect film stabilizing layer is made

up of a hard magnetic film and a soft magnetic film layered

together. This magnetoresistance effect film stabilizing layer



Usual Iy, the magnetoresistance effect filmis nmagnetically unstable such
that the magnetic wall in the filmis noved by the external magnetic
field. Thus the MR head suffers froma problem that the Barkhausen noi se
i's produced due to the novenent of the nagnetic wall of the
magnet or esi stance effect filmin the nmagnetoresistance effect el enent.
Thus it is crucial in the MR head to s&cure magnetic stability of the
magnet oresi stance effect filmin the magnetoresi stance effect elenent to
reduce the Barkhausen noi se. For overcom ng the above problem there
IS proposed a mmgnetoresistance effect el ement having a magnetoresi stance
effect filmstabilizing |ayer operating for increasing the nmagnetic

st abi | i t yisoimaghet iveegriet st esi bizmvcdyethechagndtmzedhhgrd nmyr@tt@peSi kb ance
effect el enent has a nagnetoresi stance effect film having
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effect film stabil |2|ng ayer avi ng {'he non- magnetic insul’ating film
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| ayer is made up of a hard magnetic filmand a soft magnetic filmlayered
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film.

As described above, the conventional magnetoresistance
effect film is provided with the magnetoresistance effecf film
stabiliiing layer comprised of the hard magnetic film and the
soft magnetic film layered together.

However, the soft mﬁgnetic film and the hard magnetic film
need to be formed under strict control of the material type, film
thickness and film-forming conditions. In particular, the soft
magnetic film has been-in need of strict control.

Thus, if it is not possible with the conventional
magnetoresistance effect element +to control the magnetic
characteristics of the magnetic film, the magnetoresistance
effect film cannot be formed into & sole magnetic domain, such
that a magnetic wgll is formed in the megnetoresistance effect
film. Therefore, the conventional magnetoresistance effect
element suffers from the problem that the Barkhausen noise is
produced during playback due to this magnetic wall being moved
discontinuously in the magnetoresistance effect film.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to



3 I's magnetically stabilized by the magneti zed hard magnetic film
produci ng a sole magnetic domain for the soft nagnetic film The

magnet or esi stance effect film stabilizing | ayer, thus magnetically
stabilized, has been magnetically stabilized by providing a sole nmagnetic
domain for the magnetoresistance effect , film As descri bed above,

t he conventional nagnetoresistance ef f éct filmis.provided with the
magnet or esi stance effect film stabilizing |ayer conprised of the hard
magnetic filmand the soft nmagnetic film|layered together. Howevers,
the soft magnetic filmand the hard magnetic film need to be fornmed under
strict control of the material type, film thickness and filmformng

condi ti ongovide pamaigoatares istansef & f ewlyrtetvec thihnf hbs nemetin needl of
strict control

employing a magnetoresistance effect film in which the

magnetoresistance effect film is improved in magnetic'stability
for further stabilizing the piayback output.

According to tﬁe present inventioh, there is provided =a

thin-film magnetic head including a magnetoresistance effect
layer having a soft magnetic film exhibiting the
magnetoresistance effect, .
a_non—magnetic insulating layer and a magnetoresistance effect
stabilizing layer formed on the magnetoresistance effect layer
with the non-magnetic insulating layer in-between, wherein the
magnetoresistance effect stabilizing layer has a hard magnetic
layer and a soft magnetic layer.’
The rotation by spin ;f the hard magnetic film relative to the
intensity of the external magnetic field is set so as to not
occur simultaneously with that of the soft magnetic film relative
to the intensity of the external magnetic field.

With the thin-film magnetic head according to the present
invention, the hard magnetic film and the soft magnetic film are
coupled to each other with a weak exchange reciprocal action for
forming &2 magnetoresistance effect stabilizing 1layer in a
magnetically stabilized state. Thus, with the thih—film magnetic
head, the magnetoresistance effect stabilizing layer stabilizes
the magnetoresistance effect layer for further stabilizing the

playback output for improving the playback output.



Thus, if it is not possible with the conventional nagnetoresistance effect
el ement to control the magnetic characteristics of the magnetic film the
magnet oresi stance effect filmcannot be forned into a sole magnetic
domai n, such that a magnetic wall is forned in the magnetoresistance
effect film Therefore, the conventional magnetoresistance effect el enent
suffers fromthe problemthat the Barkhausen noise is produced during
pl ayback due to this magnetic wall being noved discontinuously in the
magnet or esi stance effect film SUMVARY OF THE | NVENTI ON It is '
therefore an object of the present invention to

4 provi de a nmagnet oresi stance effect type thin-film magnetic head
enpl oyi n(BRI EFaDRECRIRITION QRCEHRIIRAMINGS| m i.n whi ch the nagnetoresi stance

ef f ect fiIn1is_inPrpved in naqnetic stabLIitJ' )
Fig.l is a schematlc view showing basic arrangement of an

MR head.
Fig.2 is a schematic tranéverse cross—sectional view showing.
an embodiment of an MR head according to the present invention.
Fig.3 is ‘a schematic front view of the MR head shown in

Fig.2, looking from. the surface thereof on which slides a

magnetic recording medium,

Fig.4 is a perspective view showing an example of a
magnetoresistance effect element employed in the MR head shown
in Fig.2.

' Fig.5 is a curve showing the relation between the exchange

reciprocal action constant in the exchange reciprocal action

between the soft magnetic film and the hard magnetic film making
up the magnetoresistance effect film shown in Fig.4 and the

coercivity of the soft magnetic film.

Fig.6 is a curve showing a magnetization curve of a
magnetoresistance effect stabilizing layer having a strong
exchange reciprocal action shown in Fig.5.

Fig.7 is a curve showing a magnetization curve of a’

magnetoresistance effect stabilizing layer having a weak exchange

reciprocal action shown in Fig.5.

Fig.8 is a perspective view showing another exaﬁple of a

magnetoresistance effect element employed in the MR head shown

in Fig.2.



for further stabilizing the playback output. According to the present
I nvention, there is provided a thin-filmnmagnetic head including a
magnet or esi stance effect |ayer having a soft magneti c film
exhibiting the nmagnetoresistance effect, a non-magnetic insulating

| ayer and a magnetoresistance effect stabilizing |layer formed on the
magnet or esi stance effect layer wth thé non-magnetic insulating |ayer

i n-bet ween, wherein the magnetoresistance effect stabilizing |layer has a
hard magnetic |ayer and a soft magnetic layer. The rotation by spin of
the hard magnetic filmrelative to the intensity of the external nagnetic
field is set so as to not occur sinultaneously with that of the soft
magnetic filnFigsa?i V@ 1% tSKQUPREéembix y idfushertext éPRalPIREGESt | 0% i el d.

e S RSB SR, 8RR LETER, prghOL o1
Wi th a weals RXRGNOIRL rbfEdisRCBIo 910161 vibRl MY st cBRISLIQraShst ance
effect stabilizing layer in a magnetically stabilized state. Thus, with
t he thi n-d iloweragaptlayer.head, the nmagnetoresi stance effect stabilizing
| ayer stabilizes t he magnetoresi stance effect |ayer for further
st abi | i zi ng tﬁég.lo shows, in e schematic transvgr e cross—sectional
view, the step for forming =a thin film layer inclusive of a
magnetoresistance gffect film and a protective layer.

Fig.1l1 shows, in a schematic cross-sectional perspective
view, the step of forming a photoresist of a pre-set shape.

Fig.12 shows, in a schematic cross—sectional perspective
view, the state in which the protective layer and the
magnetoresistance e}fect film have been etched.

Fig.1l3 shows,'in a schematic cross—sectional perspective
view, the state of forﬁing a non-magnetic insulating layer.

Fig.14 shows, in a schematic cross—sectional perspective
vieﬁ, the state in which a photoresist and a non—magnetic
insulating layer on the photoresist have been removed.

Fig.15 shows, in a schematic cross—-sectional perspectivé
view, the state in which the photoresist and the non-magnetic
insulating layer on the photoresist have been removed.

Fig.168 shows, in a schematic cross—sectional perspective
view, the step of forming a non-magnetic insulating layer and an
aperture.

Fig.17 shows, in a schematic cross—sectional perspective

view, the step of forming a conductor layer for the sense



pl ayback out put for inproving the playback output.

5 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.1is a schematic view
showi ng a basic arrangenent of an MR head. Fig.2 is a schematic
transverse cross-sectional view showi ng an enbodi nent of an MR head
according to the present invention. Fig.3 is a schematic front view

of the MR head shown in Fig.2, |ooking7fromthe surface thereof on which
slides a nmagnetic recordi ng nmedi um Fig.4 is a perspective view
showi ng an exanple of a nagnetoresistance effect el ement enployed in the
MR head shown in Fig.?2. Fig.5 is a curve showng the relation

bet ween the exchange reciprocal action constant in the exchange reciprocal
action current, a conductor layer for the bias current and a non-

magnetic insulating layer.
Fig.18 shows, in a schematic cross-sectional perspective

view, the step of forming a lower gap layer and  an upper gap

layer.
Fig.19 is a schematic front view showing the state_in_which
the a non-magnetic insulating layer has been formed on the lower

gap layer, the magnetoresistance effect element and the

protective layer.

Fig.20 is a schematic front view showing the step next to
the step of Fig.1l, and specifically showing the state in which
the photoresist has been formed on the non-magnetic insulating
layer.

Fig.21 is a schem?tic front view showing the step next to
the step of Fig.1l, an specifically showing the state in which the
surface has been planarized by etchback.

Fig.22 is a schematic front view showing the state in which
the a non-magnetic insulating layer has been formed on the lower
gap layer, the magnetoresistance effect element and the
protective layer.

Fig.23 is a schematic front view showing a step next to the
step shown in Fig.22, and specifically showing 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



bet ween the soft magnetic filmand the hard magnetic film making
magnet or esi stance effect filmshown in Fig.4 and the <coercivity of the
soft nmagnetic film Fig.6 is a curve showi hg a magneti zati on curve
of a  magnetoresi stance effect stabilizing |layer having a strong
exchange reci procal action shown in Fig.b5. Fig.7 IS a curve
showi ng a nmagneti zati on curve of a megnet or esi stance effect stabilizing
| ayer having a weak exchange reci procal action shown in Fig.5.

Fig.8 is a perspective view show ng anot her exanple of a .
magnet or esi stance effect element enployed in the MR head shown in Fig.?2.

6 Figs.9 to 19 sequentially illustrate the process for producing
t he MR headsshowninvenkign 2wilh \Wiei céxHiagne@dshiowsdetail. The present

invention is not limited to the following embodiments and may be

up the

optionally modified as to the shape or the material type within

the scope of the invention.

A thin-film magnetic head according to the present
invention is an MR head having a magnetoresistance effect element
having a magnetoresistance effect stabilizing layer. Referring
to Fig.2, the magnetic head includes a lower layer shield 1, a
lower gap ldyer 2 formed on the lower shield layer 1 and =a
magnetoresistance effect element 3 and a non-magnetic insulating
layer 4 both formed on the lower gap layer 2. The magnetic head
also includes a protective layer 5 formed on the portions of the
magnetoresistance effect element 3 other than a foremost porti9n
3a and a rearmost poriion éb of the magnetoresistance effect
element 3 and a conductor layer for the sense current 6 formed
for extending from. the rearmost portion 3b of the
magnetoresistance effect element 3 for ovérlying the non-magnetic
insulating layer 4 for being connected to the magnetoresistance
effect element 3 at the rearmost portion 3b. The magnetic head

also includes a non—magnetic insulating layer 7 formed on the

magnetoresistance effect element 3 and on the conductor layer

for the sense 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 magnetic

head further includes an upper gap layer 9 formed for extending



a schematic transverse cross-sectional view, the step for formng a |ower
gap | ayer. Fig.10 shows, in a schematic transverse cross-sectiona
view, the step for formng a thin filmlayer inclusive of a
magnet or esi stance effect filmand a protective |ayer. Fig.11 shows,
In a schematic cross-sectional perspective view, the step of formng a
photoresi st of a pre-set shape. #ig.12 shows, in a schenmatic
cross-sectional perspective view, the state in which the protective |ayer

and the nmagnetoresistance effect filmhave been et ched. Fig.13 '
shows, in a schematic cross-sectional perspective view, the state of
forn1ng a non-magnetic insulating | ayer. Fi g. 14 shows, in a schematic
cr oss- sedfPBnibe [f@l“g'ﬁ%ﬂ |¥’\9‘é't ¥ A, *’E‘Hem%ﬁ"étté"f*ﬁ‘m"(?ﬁ af Bt Ge¥PRY and a
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i n which ctdmaeraheaorteswsie m@nbheragmmetdfqectl R9mdhi NG layeriea the

phot or esi st have been renoved. . Fig.16 shows, in a schenmatic
Cr oss- sechdrgmpabt pordjost Bee and/janwupphe beawsr @ﬂufed)rlrrilﬂgfwmonaghet ic
i nsul ating |ayer and an aperture Fig.17 shows, in a schematic
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In the above MR head, the upper layer shield 1 and the

upper magnetic shield 10 are formed of a magnetic material, while

the lower gap layer 2 is formed of the non-magnetic insulating
material and the upper gap layer 9 is formed of the non—-magnetic

electrically conductive material. The lower layer shield 1,

upper layer shield 10, lower gap layer 2 and the upper gap layer
'9 function for preventing the signal magnetic field from the
magnetic recording medium other than that from an object to be
reproduced from beiné introduced into the magnetoresistance
effect element 3. That is, since the lower layer shield 1 and
the upper layer shield 10 are arranged on the lower and upper
sides of the magnetoresistance effect element 3 via lower ga§
layer 2 and via upper ga layer 9, respectively, the portion of
the magnetic field from the magnetic recording medium other than

that from the object to be reproduced is conducted to the lower

layer shield 1 and the upper layer shield 10, while only the
magnetic field from the object to be reproduced is introduced
into the’magnetoresistance effect element 3.

On the other hand, the conductor layer 6 and the upper ga

layer 9 turn out to be a pair of electrodes connected to both



view, the step of form ng a conductor |ayer for the sense

7 current, a conductor layer for the bias current and a non- nmagnetic
i nsul ating | ayer. Fig.18 shows, in a schematic cross-sectiona
perspective view, the step of formng a |ower gap | ayer and an upper gap

| ayer. Fig.19 is a schematic fro % vi ew showi ng the state in which
the a non-magnetic insulating | ayer has been fornmed on the | ower gap

| ayer, the nagnetoresistance effect elenment and the protective |ayer.
Fig.20 is a schematic front view showing the step next to the step of ‘
Fig.1, and specifically show ng the state in which

t he photoresist has

been forrgﬂﬁsogftiﬁi Q&QhGQQPSEiéiJAE%UL§&LQQ element 3, and function to

supply the sense current to the magnetoresistance effect element
3. That 1is, the magnetoresistance effect element 3 is
electrically connected to the conductor layer 6 for the sense
current and to the upper gap layer 9 at the rear enh 3b and at
the foremost end 3a, respectively. For detecting the signal
magnetic field from the magnetic recording medium, the sense
current is supplied via these to the magneioresistanée effect
element 3. The magnetoresistance effébt element 3 is made up of
a magnetoresistance effect stabilizing layer, a non—magnetic

insulating layer and a magnetoresistance effect layer, layered

together, as will be explained subsequently. 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 layer 7 for overlying the

magnetoresistance effect element 3, functions to impress a bias

magnetic field across the magnetoresistance effect element 3.

That is, for detecting the signal magnetic field from the

magnetic recording medium , the current is caused to flow in the
conductor layer for the bias cu}rent 8 for applying the bias
magnetic field across the magnetoresistance effect element 3 for
obtaining higher magnetoresistance effect.

Fig.2 shows the MR head as viewed from the surface of the

MR head along which is slid a magnetic recording medium, as

indicated by arrow A in Fig.2. Referring to Fig.3, the



| ayer . Fig.21 is a schematic front view showi ng the step next to

the step of Fig.1l, an specifically showing the state in which the surface
has been planarized by etchback. Fig.22 is a schematic front view
showi ng the state in which the a non-nmagnetic insulating | ayer has been
formed on the | ower gap layer, the magnetoresistance effect el enent and

t he protective |ayer. Fig. 23 yﬁ_a schematic front view show ng a
step next to the step shown in Fig.2 and specifically showi ng the state
i n which the surface has been planarized by surface grinding.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to the draw ngs,
preferred enbodi nents of the . present invention wll be
expl ai necagnetietesistahoe preddent element 3 is made wup of a

magnetoresistance effect stabilizing layer 11, a non-magnetic

insulating layer 12 and a magnetoresistance effect element 13,

layered together, as shown in Fig.3. The magnetoresistance

effect element 13 is fed with the sense current for operating as
a magnetically sensitive portion for detecting the signal from
the recording medium, as described previously. On the other hand,
the magnetoresistance effect stabilizing layer i1 is
magnetostatically coupled to the magnetoresistance effect eiemeht

13 for contributing to improvement in magnetic stability of the

magnetoresistance effect element 13.

On both sides of the magnetoresistance effect element 3 are
-arranged non-magnetic insulating layers 4 s0 that the
magnetoresistance effect element is, as it were, buried in the

non-magnetic insulating layers 4. The non-magnetic insulating

layers 4, exposed to the surface of the MR head along which
slides the magnetic recording medium, is preferably fdrmed of a
material having superior sliding characteristics, such as Al,;0;,
8i0,, SIN,, e.g., Si,N,.

On both ends of the upper surface of the magnetoresistance
effect element 3, the magnetoresistance effect element 13 is
connected to the electrodes. That is, as shown in Figs.2 and 3,
the upper surface of the magnetoresistance effect element 13 is

electrically connected to the upper gap layer 9 at the foremost

part 3a the magnetoresistance effect element 3, whereas, as shown



invention is not limted to the follow ng enbodi ments and may be
optionally nodified as to the shape or the material type wwthin the scope
of the invention. A thin-film magnetic head according to the
present invention is an MR head having a nagnetoresi stance effect el ement
havi ng a magnetoresi stance effect stabilizing layer. Referring to Fig.2,
the magnetic head includes a |ower |ayet2shield 1, a |ower gap |ayer 2
formed on the I ower shield layer 1 and a nmagnetoresistance effect el enent
3 and a non-nmagnetic insulating layer 4 both forned on the | ower gap |ayér
2. The nagnetic head also includes a protective |layer 5 forned on the

portions of % nagggt0é$§$stanggceff Epele nt, 3_ot.her thanfg grennsf

magnetoresistance e
portlon a an *a’ rearno ortion b of ﬁe gne oreS|§tance eFFect

el ement 3e Adiénad wnpreu@ukayeni Qforinle@ t8&NEE wrc%huétéprmr feE

ext endi ng from the rearnost portion 3b of the nmagnetoresistance
ef fect el timersengef euriandr Iﬁyhhgthherﬁrmnenag&bmf: thensgignet oped imtancd f or

bei ng conng cted 0 the JT8 net oresistance .effect elenent 3 at the rearnopst
portion 35 hﬁ@ ﬂéa8g° fécP?rﬂﬂtﬁaeEh%ﬁrﬁﬂf ﬂﬁéﬁéf?ﬁeﬁ%ﬁﬁﬂnéflng
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conduct or Iayer for th sense current 6 and a conductor ayer
side insulated by the non-magnetic insulating layers 4, 12,

respectively, sc the there is no risk of the sense current
flowing therein.

W§th the MR head, employing the above~described
magnetoresistance effect element 3, since the magnetostatic
coupling action is produced between the magnetoresistance effect
element 13 and the magneto?esistance effect stabilizing layer 11,
the magnetoresistance effect element 13 is improved in magnetic
stability, thereby redﬁcing the Barkhausen noise.

Moreover, in the present MR head, the sense current is
supplied only to the magnetoresistance effect layer 13, such that
only the magnetoresistance effect element 13 operates as the
magnetically sensitive portion. Therefore, in the present MR
head, it is only the thickness of the magnetoresistance effect
layer 13 that contributes to the playback output. Thus, ‘with
the present MR head, the thickness contributing to the payback
output can be reduced to one-half that of the conventional two-
layer MR head. By reducing the thickness of the magnetoresistance
effect element 13 that contributes to the playback output, the

current density of the sense current can be increased, thus



current 8 forned in the non-magnetic insulating layer 7 for overlying the
magnet or esi stance effect elenment 3. The magnetic head further includes an
upper gap layer 9 formed for extending fromthe forenost
part 3a of the nmagnetoresistance effect elenment 3 for overlying the

non- magnetic insulating |ayer 7 for beln connected to the
magnet or esi stance effect elenent 3 at he forenost portion 3a, and an
upper layer shield 10 forned on the wupper gap |ayer 9. In the above
MR head, the upper layer shield 1 and the wupper magnetic shield 10 are
formed of a magnetic naterial, while the |ower gap layer 2 is forned of

th t [ ti t I dth I 9 is forned
of Cthe nSEORE: * AT 8N BAPPPRSE |5 WhiaaE: FbS MREAta AR neatie | over | ayer
shield 1,

UPREe hAgaktsdSldahle 3Rkt IBRMENEr 32 BRP1LNG UPPEEL@ap | ayer

above—described MR head, is now explained in detail.

The magnétoresistance effect element 3 is made up of the

magnetoresistance effect stabilizing 1layer 11, non-magnetic

insulating layer 12 and the magnetoresistance effect element 13,

operating as a magnetically sensitive portion, layered together,

as explained previously.

As for the non—-magnetic insulating layer 12, provided
between the magnetoresistance effect stabilizing layer 11 and the

magnetoresistance effect layer 13, it suffices if it is formed

of an electrically insulating non-magnetic material, such as

Al,0;. For reducing the gap width, a thinner thickness of the

non-magnetic insulating layer 12 is desirable. .However, for

maintaining insulation between the magnetoresistance effect

stabilizing layer 11 and the magnetoresistance effect layer 13,

a film thickness of approximately 10 nm or more is needed if use

is made of Al,0;.

As for the magnetoresistance effect layer 13, it suffices

if it includes a magnetoresistance effect film having the

magnetoresistance effect. For example, it suffices if the layer

13 is formed onl& by the magnetoresistance effect film formed

of, for example, NiFe, or if the layer 13 is formed by an

underlying layer of Ta on which is formed a magnetoresistance

effect film formed of, for example, NiFe.



9 function for preventing the signal magnetic field fromthe nagnetic
recordi ng nedium ot her than that froman object to be reproduced from
bei ng introduced into the magnetoresi stance effect elenent 3. That is,
since the lower layer shield 1 and the upper layer shield 10 are arranged
on the | ower and upper sides of the magnetoresistance effect elenent 3 via
| ower gap layer 2 and via upper ga laygf.9, respectively, the portion of
the magnetic field fromthe nagnetic recording medium other than that from
the object to be reproduced is conducted to the lower |layer shield 1 and:
t he upper |ayer shield 10, while only the mnagnetic field fromthe object
to be reproduced is introduced into the nagnetoresistance effect elenent

3. On the %Fhé?emﬁélsf'ﬁé”c&ﬁ(ﬁﬁﬂ o lfnayé?”’!?dal‘i’é 't RRTuppAPl§a | ayer

ioturn Oufy4 %8 be1§ P@%meéﬁo 86! | ggg%l&ﬁﬂng ﬂH EQCROLQ Ta film, the

magnetoresistance effect film can be oriented in (111) for

lowering the specific resistance of the magnetoresistance effect
film. If the magnetoresistance effect film is lowered in specific

resistance, the film is .lowered in impedance. Therefore, the

playback output of the MR head can be improved by providing the_

underlying layer.

The magnetoresistance effect stabilizing layer 11 is made.

up of an underlying film 1la, formed of, for example, Cr, a hard
magnetic film 11b, formed thereon, and a soft magnetic film 1lic

formed on the hard magnetic film 11b. This magnetoresistance

effect stabilizing layer 11 improves the magnetic stability of

the magnetoresistance effect layer 13 by the magnetostatic

coupling between the magnetoresistance effect stabilizing layer
11 and the magnetorésistance effect layer 13.

The underlying layer lla is formed below the hard magnetic
layer 11b which will be explainéd subsequently in detail for
increasing the coercivity Hec of the hard hagnetic layer 11b. The
underlying layer lla preferably has a film thickness of 10 nm.

The hard magnetic film 11b is formed of, for example, a hard
magnetic material, such as CoPt, CoPtCr or CoNi, and is
magnetized in a direction indicated by arrow Jb in Fig.4. The

hard magnetic film 11b is magnetized so that its direction of

magnetization Jb will be parallel to the track width direction



ends of the nmagnetoresistance effect elenent 3, and function to supply the
sense current to the magnetoresi stance effect elenent 3. That is, the
magnet or esi stance effect element 3 is electrically connected to the
conductor layer 6 for the sense current and to the upper gap |ayer 9 at
the rear end 3b and at the forenpst end 3a, respectively. For detecting
the signal magnetic field fromthe magriétic recording nedium the sense
current is supplied via these to the magnetoresi stance effect elenment 3.
The magnetoresi stance effect elenent 3 is nmade up of a nagnetoresistance:
effect stabilizing |layer, a non-magnetic insulating |ayer and a
magnet or esi stance effect |ayer, |layered together, as will be explained
subsequenthapn Pycegee e day fFéAt4-is supplied only to the nmagnetoresi stance

effect |ayer. he conductaqr.,|layer for, the bias current 8 forned in
the non- magnért ° s°f;[n t?lgﬁflghcg’] 2 Qyéic 57 forpsi _"?O\?erﬁ°yfieing"fag,nteﬁé° _
nmagnet or egh 64 AKE, SulcBChsehBfeYr RiFeURCHINS X0 isMPEESEr SIS afBINELi C
field across the nmagnetoresi stance effect elenent 3. That is, for

det ecti ngis magieizednigretdicecitébd fndinatied byagrmedw o dooFde . nedi um

the current is caused to flow in the contoe!y’qior | ayer for_ the bias current
8 for applyi ng*Rn&eEPekOTeRdghercs TPl HAPAIL2 1 haGRet br t3i% T of f ect

el ement 3.f0het PO 419 10bINELa SIAANGLAT €55 SIANAE §sECHirection of
magnetization Jb corresponds to the direction of track width,

~so that, if the stabilizing layer 11 is made up of the underlying

layer 11la on which are layered the hard magnetic'film 11b and the

soft magnetic layer 1llc, the magnetic field will be produced in

the direction of track width B by the hard magnetic film 11b and

the soft magnetic layer 1llc. At this time, the direction of
magnetization Jc of the soft magnetic film 1llc corresponds to

the direction of magnetization Jc of the soft magnetic layer 1lc

by the exchange coupling action. This soft magnetic film 1llc

operates for producing magnetostatic, coupling between the
magnetoresistance effect stabilizing layer 11 and the
magnetoresistance effect layer 13. By this, the direction of
magnetization J of the magnetoresistance effect layer 13
coinci&es with the track width direction B such that the
magnetoresistance effect layer 13 becomes of the sole magnetic
domain. The result is.that the magnetoresistance effect layer 13
operates in stability without producing the noise due to movement

of the magnetic wall.

In general, with the mono-layer soft magnetic film, it is



Fig.2 shows the MR head as viewed fromthe surface of the
which is slid a magnetic recording nedium as I ndi cat ed by

Fig. 2.
ef f ect

Referring to Fig.3, the
el enent 3 is made up of a nmagnetoresistance effect

stabilizing layer 11, a non-magnetic insulating |layer 12 and a

magnet or esi stance effect elenment 13, |alered together,
The magnet oresi stance effect elenent 13
operating as

from

S

hand,

MR head al ong
arrow A
magnet or esi st ance

in

as shown in Fig.3.
is fed with the sense current for
a magnetically sensitive portion for detecting the signal

the recording medium as described previously. On the other
the nagnetoresistance ef f ect stabilizing | ayer 11

nmagnet ostatffdaully toupliedtt the d reaghot erfespst efica tdfohecomel erelit tol3 for
contrlbutLQg to i nprovenent in nagnetlc stabllltysof t he

inplane d1rectxon, n if the film magnetized in the
inplane direction, such that components of magnetization which
are not oriented in the inplane direction are left. Consequently,

the components perpendicular to the film sufface are usually
contained in the components of magnetization of the hard magnetic
film 11b. These perpendicular components of magnetization
represent a factor wh;ch detracts from magnetic stability of the
magnetoresistance effect layer 13.

In the above—described magnetoresistance effect sfabilizing
layer 11, the soft magnetic film 1lic is coupled to the hard
magnetic fﬁlm 11b by the exchange reciprocal action. The
intensity of exchange reciprocal action can be set bé varying the
film forming conditiohs when forming and layering the soft
magnetic film 11c on the hard magnetic film 11b.

The magnetic characteristics of the magnetoresistance
effect stabilizing layer 11 influence the stabilization of the
magnetoresistance effect layer 13 depending on the intensity of
the exchange reciprocal action. The magnetoresistance effect
stabilizing layer 11 is formed so that the soft magnetic film 1llc
is coupled to the hard magnetic film 11b with a strong exchange
reciprocal action by first surface-treating the surface of the
hard magnetic film 11b formed on the underlying layer 1lla by

back-sputtering and subsequently forming the soft magnetic film

11c. The magnetoresistance effect stabilizing layer 11 is also



magnet or esi st ance effect el enent 13. On both sides of the

magnet oresi stance effect elenent 3 are arranged non-nagnetic insulating
|layers 4 so that the nmgnetoresistance effect elenent is, as it were,
buried in the non-magnetic insulating |ayers 4. The non-nmagnetic
insulating |ayers 4, exposed to the surface of the MR head al ong which

slides the magnetic recording nedium i-87preferably forned of a materi al
havi ng superior sliding characteristics, such as Al[err](err], Si(err]

SiNerr] , e.g., Si[err]Nerr]. On both ends of the upper surface‘bf'
the magnetoresistance effect elenent 3, the magnetoresistance effect
element 13 is con ed to . .the el ectrodes. That I S s, shown Figs. 2
and 3, YWEUSH ?h%urgﬁ%e“(fft‘ PREPHE N &6 OP S £ EnSRUR &P HHS r’i‘g‘ﬁfi 13 is

el ectrical bye CONNECIE {10 ¥h URPREak2BxéRaiide %@élm%aﬁora%m;. bypart 3a
t he magnet oresi stance effect elenment 3, whereas, as shown

12 forming the soft magnetic film 1lc without performing back-
sputtering. In Fig.5, the ordinate and the abscissa denote the
reciprocal exchange action constant and the coercivity of the

magnetoresistance effect stebilizing layer, respectively. The

reciprocal exchange action constant is a constant specifying the
intensity of the exchange reciprocal action between the hard

magnetic film 11b and the soft magnetic film 11c. The larger the

value of the constant, the stronger becomes the exchange

reciprocal action with which the layers 11b, 1llc¢c are coupled
together. In the following description, the coupling with the
stronger exchange reciprocal action méans the coupling with the
exchange reciprocaf aétion constant which is within the range
denoted by arrow C in Fig.5, while the coupling with the weaker
exchange reciprocal action means the coupling with the eichange
reciprocal action constant which is within the range denoted by
~arrow D in Fig.5. ' _

If the hard magnetic film 11b is coupled to the soft
magnetic film llc with a strong exchange reciprocal action, the
magnetoresistance  effect stabilizing layer 11 exhibits
magnetization hharacteristics such that its magnetization curve
is similar in shape to that of the usual hard magnetic material,

as shown in Fig.6.

These magnetization characteristics of the magnetoresistance



in Fig.2, the upper surface of the magnetoresistance effect element 13 is
electrically connected to the conductor |ayer for the sense current 6 at
the rear end 3b of the magnetoresi stance effect elenent 3. It should be
noted that the nmagnetoresistance effect stabilizing |layer 11 has its

| ateral sides and its upper side insulated by the non-magnetic insulating
| ayers 4, 12, respectively, so the therBis no risk of the sense current
fl owi ng therein. Wth the MR  head, enpl oying the
above-descri bed magnetoresistance effect el enent 3, since the '

magnetostatic coupling action is produced between the nagnetoresistance
effect elenent 13 and the magnetoresistance effect stabl I zing | ayer 11,

t he magnetbhesdi stahtkliadmEedpy el ehbftrer 8isglphpt Redienfragnbidtlc Weability,
LQSBEby r@tg%engthg I%@( Kgﬂé@%cqm@@a.l actxonWIé}QWL’chl @hghﬁa %nt MR

the sense current 1's supplied only to the nagnetore5|stance ef fect
| ayer 13, seficimalghatic ariliyst hev mageespé esdupliaaceogd fient, ehementedt3 ogper at es
as the magnetically sensitive portion. Therefore, in the present MR head,
it is onlyhe Ragretékpleen 6f Emﬂahﬂﬁ&n@?&ﬁ%ﬁﬁcsfahﬁelkhf%ﬁﬁ? stagRglyl dnt hat

contrlbutgﬁsto the pI %ng%ﬁougggt q %ge tQ aRLESENS he%%, the

t hi ckness ntrlbutlng e pay%ack erist

magnetization are ascribable to the fact that the spin rotation
of the hard and soft magnetic films 11b, llc occurs substantially
simultaneously in the external magnetic field. At.this time, the
perpendicular components of maegnetization of the hard magnetic
film 11b produce similar perpendicular components on the soft
magnetic film 11lc¢c thus adversely affecting the stability of the
magnetoresistance effect layer 13.

If the hard magnetic film 11b is coupled to the soft
m#gnetic film 11c witﬁ a weak exchange reciprocal action, the
magnetoresistance effect stabilizing layer 11 exhibits

magnetization characteristics such that its magnetization curve

is different in shape from that of the usual hard magnetic

material, as shown in Fig.7. The magnetization curve shown in

Fig.7 exhibits characteristics of magnetization of the soft.
magnetic film 11¢ for a weak external magnetic field, while
exhibiting characteristics of magnetization of the soft magnetic
film 1llc for &a weak external magnetic field. These
characteristics of magnetization are caused by the fact that the
magnetic characteristics of the hard magnetic film 1lc are not

operating strongly on the soft magnetic film 1llc, while the spin



out put can be reduced to one-half that of the conventional
head. By reducing the thickness of the nagnetoresistance
that contributes to the playback output, the
current can be increased, thus

13 assuring a high playback output in the present MR head. The
magnet or esi stance effect elenent 3, enplByed in the above-described MR
head, is now explained in detail. The magnet oresi st ance effect
element 3 is made up of the magnetoresistance effect stabilizing |ayer 11,
non-magnetic insulating layer 12 and the magnetoresistance effect el enent
13, operating as a_magnetically sensitive portion, ]ayered together, as
expl ai ned'°ﬁ’|"éf8P8us? . the hagd f BPERHE o -‘ﬁﬂgntﬁ?c_’i%s_d’l%ti ﬁ@g}"%\%r 12,
provi ded ¢ RehWERBoLEEy MRONC ORES| St aRGE SbFEChaghdDId 1 i1 LBYeLidd and the

respect to the external magnetic field. Specifically, should the

two- |ayer MR
effect el enent 13
current density of the sense

magnetic field be applied from outside, the soft magnetic film

1ic first starts to be rotated by spin. Then, if the magnetic

field keeps on to be applied, the hard magnetic film 11c starts

to be rotated by spin. At this time, the perpendicular component

of magnetization of the hard magnetic film 11b cannot produce
similar perpendicul#r components to the soft magnetic film 1llc
so that there is no‘risk of any adverse effects on the stability
of the magnetoresistance effect layer 13.

The underlying layer 1la, arranged below the hard magnetic
layer 11b: \is effective to improve coercivity of the hard
magnetic layer 11b and ko reduce the peppendicular components of
magnetization of the hard magnetic film 11b. The result is that
the underlying layer 1la contributes to magnetic stabilization
of the magnetoresistance effect layer 13.

The present invention is no limited to the above-described
thin—~film magnetic head and may also be applied to a thin film

magnetic head having a magnetoresistance effect element 3A, as

shoﬁn in Fig.8.

The magnetoresistance effect element 3A may have a

magnetoresistance effect stabilization layer 11B which is made
up of a hard magnetic film 11d and a soft magnetic film 1lle

formed on the hard magnetic film 11d. This magnetoresistance



magnet or esi stance effect layer 13, it suffices if it is fornmed of an
electrically insulating non-magnetic material, such as Alf[err](err]. For
reducing the gap width, a thinner thickness of the non-magnetic insulating
| ayer 12 is desirable. However, for maintaining insulation between the
magnet or esi st ance effect stabl lizing Ia¥§ 11 and the nagnetoresi stance
effect layer 13, a filmthickness of approximtely 10 nmor nore is needed
if use is nade of Al[err]Jerr]. As for the magnetoresistance
effect layer 13, it suffices if it includes a magnetoresistance effect
filmhaving the magnetoresi stance effect. For exanple, it suffices if

the | ayer 13 is fornmed onl gthema net oresi stance effect filmforned

of, for efdifre, skl izgtipp tlﬁ eT a3t radef ot ietP oy ent wayngeér % ng
| ayer of L%oQQIX‘échjlb'eﬁ [oEBh 2 STRYRRL LT €8¢ NG Ebi 1 BL4 €5 flaﬁ@rf pgmed of,

for exanple

on the magnetoresistance effect layer 13 for improving magnetic
stability of the magnetoresistance effect layer 13.
The hard magnetic film 11d is formed of hard magnetic

materials, such as CoPt, CoPtCr or CoNi, and is magnetized in a

direction iﬁdicated by arrow Jd in Fig.8. The hard magnetic film

11d is magnetized so that its direction of magnetization Jd is
-parallel to the track width direction indicated by arrow B in
Fig.8.
The soft magnetic film 1lle is formed of a soft magnetic
material, such as NiFe or NiFe-X, where X is Ta, Cr or Nb, and
is magnetized in a direction indicated by arrow Je in Fig.8. The
soft magnetic film 1lle has its direction of magnetization Je set
by being magnetized by the hard magnetic film 11d.
The method for producing the above-described MR head is
hereinafter explained in detail.
For producing the MR head, a lower gap layer 42 formed of .
a non-magnetic insulating material, such as Al,0,, is first
formed on a lower layer shield 41, as shown in Fig.9. The lbwer
gap layer 42 serves for electrically insulating the lower portion
of the magnetoresistance effect element formed in the subsequent
step and for forming a magnetic gap on the lower portion of_the

magnetoresistance effect element.

Then, as shown in Fig.10, a thin film layer 43 inclusive of



| f a magnetoresistance effect film fornmed of, for exanple, N Fe,
formed on the underlying film such as Ta film the nagnetoresistance

effect filmcan be oriented in (111) for
of the magnetoresistance effect film If the nagnetoresistance effect film

i's

is lowered in specific resistance, the filmis |Iowered in inpedance.

Ther ef or

the wunderlying |ayer.

e, the playback output of the2fR head can be inproved by providing
The magnet oresi stance effect stabilizing | ayer

11 is nade wup of an underlying film1la, forned of, for exanple, Cr,
hard nmagnetic film 11b, forned thereon, and a soft magnetic film 1l1c
formed on the hard magnetic film 11b. = This magnetoresi stance effect

st abi | i zFRg Pagestoresighpptese ! fee halghidt iis steffied tap drhe thpwer gap

nagnet of gg/ sl agse ghd egl ayer ivh byoJdie MPOARAS AlJ ¢ (£OUBKIYY Dot veen

t he magnetoresi

Stance effect sta I Zing layer 11 and the

magnet or 8$jo5] AL Toohé®Wn |13k hiR. film layeFhe3 unpierd Wiig kayeriabla i s
formed bel ow the hard magnetic | ayer 11b which will be explained
subsequeABl is iatchedapt & drater) AEppake riprmhe Bagretotesistiange effedtard
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magneti c
t hi cknes

ing
layer 43a, a non—-magnetic insulating layer 43b of Al,;0;, an
underlying filh of Ta and a magnetoresistance effect layer ;Sc
formed by an NiFe film, layered together.

Referring to Fig.10, the magnetoresistance effect
stabilizing layer 43a is made up of an underlying film 21 of Cr,
a hard magnetic film 22 of a hard magnetic material, such as
CoPt, CoPtCr or CoNi, and a soft magnetic material 23 formed of
a soft magnetic material, such as NiFe or NiFe-X, where X is Ta,
Cr or Nb, layered on tﬁe lower gap layer 42,

This magnétoresistanpe efféct stabilizing 1layer 43a is
formed by forming the underlying layer 21 and the hard magnetic
layer 22 on the lower ga layer 42 in the same film—forming tank
and by subsequently forming the soft magnetic film 23.

When forming the soft magnetic film 23, ‘the
magnetoresistance effect stabilizing layer 43a is formed by not
treating the surface of the hard magnetic film 22 with back-
sputtering, with the hard magnetic film 22 and the soft magnetic
film 23 thus being coupled to each other by weak exchange

reciprocal action. If the soft magnetic film 23 is formed without

back~-sputtering the surfacé of the soft magnetic film 22, the

a

| owering the specific resistance



The hard magnetic film1lb is fornmed of, for exanple, a hard
material, such as CoPt, CoPtCr or CoNi, and is
i ndicated by arrow Jb in Fig.4. The

magneti c
magneti zed in a direction
hard magnetic film 11b is nagneti zed

so that its direction of magnetization Jb will be parallel to the track
wi dth direction 22 15 shown by
-arrow B in fig.4. The soft magnetic filml1llc s forned of a soft

magnetic material, such as NiFe or Ni Fe-X, where Xis Ta, O or Nb, and
I's magnetized in a direction indicated by arrow Jc in Fig.4. The
magnet or esi stance effect stabilizing layer 11 is a hard nmagnetic film 11b,

ti d that.it di ti f..m ti ti Jb, ds t th
di rect | oP A SEPACRI SIANTE ©T48°Fnabai {THME JPXBF| 198 nif | 4RF@P 1 IOREF rade up
of the ungdesd W Bndid¥6h Idanmtnihehnar® haprRted &hem ey d sregagibg film

11b and the
to the soft magnetic film 23 with a weak exchange reciprocal
action or with a strong recipfocal action if the film thickness
of the hard magnetic film 22 is not more than 5’nm'0r more than
5 nm, respectively. .

The thin film layer 43 is then formed by the non—mﬁgnetic
insulating layer 43b being layered on the magnetoresistance
effect layer 43c after formation of the magnetoresistance effect
stabilization layer 43a as described above.

Therefore, the magnetoresistance effect stabilization layer
43a is formed under such a condition that the hard magnetic film
22 and the soft magnetic film 23 are coupled together by a weak
exchange reciprocal aétion by the hard magnetic film 22 being
formed to a film thickness of not more than 5 nm and by.the soft
magnetic film 23 being formed without surface treating the hard
mggneﬁiclfilm 22 by, for example, back-sputtering. This assures
stabilized magnetic characteristics of the magnetoresistance

effect layer 43c.

Then, for formipg 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 a

protective layer 44, as shown in Fig.1ll. The protective layer 44

and the thin film layer 43 are then etched, as shown in Fig.12,

for forming a magnetoresistance effect element of a pre~set shape



soft magnetic layer 1lc, the magnetic field will be produced in the
direction of track wwdth B by the hard magnetic film 11lb and the soft
magnetic |layer 1lc. At this tinme, the direction of nagnetization Jc of the
soft magnetic film1llc corresponds to the direction of magnetization Jc
of the soft magnetic layer 11c by the exchange coupling action. This soft

magnetic film 1lc operates for produciddg magnetostatic coupling between
t he magnetoresi stance effect stabilizing |ayer 11 and the

magnet or esi stance effect layer 13. By this, the direction of magnetizatton
J of the magnetoresistance effect layer 13 coincides with the track width

direction B such that the nmagnetoresistance-effect |ayer 13 becones of the

sol e maght® ihaviggnhhe. PrrHectdygl tayer t4hatf arRedmalRRe Ot eASStSRAYR &R f ect
| ayer 13 ,ogtrates in stability without producing the noise due to novenent
of the natf

iI'c wal | . In general, with the nono-|ayer soft nagnetic
film it is By previously forming the thin film layer 43 including the

magnetoresistance effect film.and by subsequently etching the
layer for forming the magnetoresistance effect element of a pre-—
set shape 43S, the magnetoresistance effect stabilizing layer 43a
can be brought into registration with the magnetoresistance
effect layer 43c. Thus, with such magnetoresistance effect
element 438, ideal magnetostgtic coupling can be established
between the magnetoresistance effect stabilizing layer 43a and
the magnetoresistance effect layer 43b.

Then, as shown in Fig.13, a non-magnetic insulating layer
46 is formed for overlying the photoresist 45, protective layer
44 and the magnetoreéistance effect element 43S, with the
photoresist left intact, and subsequently the photoresist 45 is
peeled and removed along with the non-magnetic insulating layer
46 formed on the photoresist 45. After the photoresist 45 is
peeled and removed along with the non-magnetic insulating layer
46 formed on the photoresist 45, the surfaces of ihe non-magnetic
.insulating layer 46 and the protective layer 44 are ground and
planarized. This gives rise to the state in which the
magnetoresistance effect element 43S and the protective layer 44
are embedded in the non-magnetic insulating layer 46.

By the so-called lift-off method in which the photoresist

45 is removed along with the non-magnetic insulating layer 46



16 difficult to orient the direction of magnetization conpletely to
the inplane direction, even if the filmis magnetized in the inplane
direction, such that conponents of magnetization which are not oriented in
the inplane direction are left. Consequently, the conponents perpendi cul ar
to the filmsurface are usually contaipgd in the conponents of

magneti zation of the hard magnetic film 11b. These perpendi cul ar
conponents of magnetization represent a factor which detracts from
magnetic stability of the magnetoresistance effect |ayer 13. In the
above-descri bed magnetoresi stance effect stabilizing Ilayer 11, the soft

magnetic film 1lc is coupled to the hard magnetic film 1lb by the exchange
reci procaforaedi sherete thAt 8h&te yihMhdelhhhgcnagnatorseartanie affeah be set
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i nfluence the stabilization of the -magnetoresistance effect |ayer 13
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nagnetOreggskggcgiﬁgf%ggd to be formed at an edge on peeling off the
photoresist thus lowering surface roughness to affect magnetic
properties of the magnetoresistance effect element 438 or
insulating properties or worsening the shape of the upper gap
layer or the upper layer shield formed during the subsequent
step. Therefore, after peeling off the photoresist 45, it is
advisable to grind the surfaces of the non~magnetic insulating
layer 46 or the protective layer 44 for improving surface
properties.

For grinding the.supfaces of the non-magnetic insulating
layer 46 and the protective layer 44 after exfoliation of the
photoresist 45, it is necessary to increase the film thickness
of the protective layer 44 in consideration of the amount ground
off in the main step. Specifically, should the protective layer
44 be of Al;0,, the ultimate film thickness of the order of 20 nm
is optimum for the protective layer 44. On the other hand, inf

order to provide a sufficiently planar surface 44 by the grinding
-of the main step, the grinding on the order of 50 nm is required.
Therefore, if , after exfoliation of the photoresist 45, the

surfaces of the non—magnetic insulating layer 46 and the

protective layer 44 are ground, it suffices if the protective



stabilizing layer 11 is fornmed so that the soft magnetic film 1llc S
coupled to the hard magnetic film 1llb with a strong exchange reci procal
action by first surface-treating the surface of the hard magnetic film
11b formed on the underlying |ayer 1la by back-sputtering and

subsequently formng the soft magnetic film 1lc. The magnetoresi stance
effect stabilizing layer 11 is also

17 formed so that the soft magnetic film1llc is coupled to the hard
magnetic film1llb wth a weak exchange reciprocal action by formng the:
soft magnetic film 11c w thout perform ng back- sputtering. In Fig.5, the
ordi nate and the abscissa denote the reciprocal exchange action constant

and the dé¥egi ityobi fRE aragRdeor &t afe RATECUSI¥aFiAIMEANG O der,
;gzgiefcil! ‘ﬁa'i%éﬁglgg oh CEAP AR %%Ct?@”ﬂrghaa(};[& PWeCORTHAMN Sl 93 LAN

I ng Intensity of the exc ge reciprocal action between the
har d grinding by approximately 50 nm in the main step for providing

the ultimate film thickness of the protective layer 44 on the

order of 20 nm.

By grinding the surfaces of the non—-magnetic insulating
layer 46 and the protective layer 44 in this manner, the magnetic
characterisiics of the magnetbresistance effect element 438 or
the insulating properties are improved, while the shape of the
upper layer shieid formed in the subsequent process 5ecomes
ideal, thus improving the frequency response of the MR head.
Then, after forming a new ﬁon—magnetic insulating layer 47
on the protective layer 44 and on the non-magnetic insulating
layer 46, the non—magneiic insulating layer 47 and the protective
layer 44 on the rear end 43A of the magnetoresistance effect

element 438 are etched off for forming an opening 48 exposing the

rear end 43A of the magnetoresistance effect element 43S, as

shown in Fig.1l6.

Then, on the rear end 43A of the magnetoresistance effect

element 43S and on the non-magnetic insulating layer 47, a

conductor layer for the sense current 49 is formed, wvia the

opening 48 formed in the previous step, for connection to the
upper surface of the magnetoresistance effect element 43S, while

a conductor layer for the = as current 50 is formed on the non-

magnetic insulating layer 47 fnr overlying the magnetoresistance



magnetic film11lb and the soft magnetic film 11c. The |arger the value of
the constant, the stronger becones the exchange reciprocal action with
which the layers 11b, 11c are coupled together. In the follow ng
description, the coupling with the stronger exchange reciprocal action

means the coupling with the exchange reciprocal action constant which
within the range denoted by arrow C in
weaker exchange reci procal

IS
J4 9-5, while the coupling with the
action nmeans the coupling with the exchange
reci procal action constant which is within the range denoted by arrow D.n

Fig.5. If the hard magnetic film1llb is coupled to the soft
magnetic film1llc with a strong exchange reciprocal action, the
magnet or e§Eschnekeneflf 436, ast aApeWn AmdFieg-LAyePn Yheseglpypresis, 50

magneti zatiqQn _characteristics _such that .its netj zatiQn curv E
sinilar i'f gﬁégge'fo qse 8t PR RS ‘°hér"a“%r%1”€%‘e ilcay%erft &t af® sehOa""sn shown in
Fig. 6. in FigJ{¥ese magnetization characteristics of the nagnetoresistance

The non-magnetic insulating layer 51, non—-magnetic
insulating layer 47 and the protective layer 44 on the foremost
part 43B of the magnetoresistance effect element 438 are then
etched for forming an opening 52 exposing the foremost part 43B
of the magnetoresistance effect element 43S, after which an upper
gap layer 53 is formed via the opening 52 on.the foremost part
43B of the magnetoresistance effect element 43S and on the non-
magnetic insulating layer 51 into contact with the upﬁer surface
of the magnetoresistance effect element 43S, and furtper an upper
layer shield 54 is formed thereon, as shown in Fig.18.

An MR head is proﬁuced by slicing an assembly prepared by
the above operations. Since the MR head, thus produced, is a
read—-only magnetic head, an inductive head for recording may
further be layered on the MR head.

Meanwhile, in the above~described method for producing the
MR head, the non—-magnetic insulating layer 46 is formed while the
photoresist 45 is left for realizing such a state in which ;he.
magnetoresistance effect element 43S and the protective layer 44
are buried in the non-magnetic insulating 1layer 46, and

subsequently the photoresist 45 is removed along with the non-

magnetic insulating layer 46 thereon, as shown in figs.14 and 15.

However, the state in which the magnetoresistance effect element



18 effect stabilizing layer 11 are displayed by the fact that, due
the strong exchange reciprocal action with which the hard and soft
magnetic films 11b, 11c are coupl ed.together, the effect of the
magneti zati on of the hard magnetic film 11b acts strongly on the soft
magneti c film 11c. These characteristics of magnetization are
ascribable to the fact that the spin rafation of the hard and soft
magnetic films 11b, 11c occurs substantially simultaneously in the
external magnetic field. At this tinme, the perpendicular conponents of

magneti zation of the hard magnetic film 11b produce sim |l ar perpendicul ar

conmponents on the soft magnetic film1llc thus adversely affecting the

9
st abi | i t P36 2PRethereRfitdeSta¥r st arthe 4% fod@t PREYRS 4rg the non-magpetiqe hard

magneti c f'sL”LHP%' ?afoxupiaed %:9 b0e S0 iz e TRYNEL c?xmgpgéelé%ﬂt weak

exchange reci proc magnet or esi st ance stabilizing
| ayer kLoseeabskwiubd Hagnetlzatlon characteristics such that its
magneti zation curve is different in shape fromthat of the usual hard
magneti c mat peakfieslighowhe nskpte 7 inThdighgridte zasgratanesietshosn in

effect element 43S and the protective layer 44 are buried in the
non-magnetic insulating layer 46 can be realized by forming a
non—-magnetic insulating layer on the lower gap layer 42,
magnetoresistance effect element 43S and on the protective layer
44 and subsequently etching back the non-magnetic insulating
layer.
That is, after forming the magnetoresistance effect element
438 an& the protective layer 44, as shown in Fig.l12, and removing
the photoresist 45, a non—-magneti¢ insulating layer 61 is formed
for overlying the lowér gap layer 42, magnetoresistance effect
element 435 and the protective layer 44, as shown in Fig.19 which
is a view looking from the surface of the MR head along which
slides the magnetiec recording medium. Then, a photoresist 62 is
formed on the non-magnetic insulating layer 61, as shown in
Fig.20. In an area of the non—magnetic insulating layer 61 other
than that overlying the magnetoresistance effect element 43S, the
" photoresist 20 is applied to a thickness substantially egual to
or slightly less than the film thickness of the magnetoresistance

effect element 43S. In this manner, the film thickness of the

photoresist 62 is thicker in the area of the non-magnetic

insulating layer 61 other than that overlying the

to



Fig.7 exhibits characteristics of magnetization of the soft magnetic film
11c for a weak external nmagnetic field, while exhibiting characteristics
of magnetization of the soft magnetic film 11c for a weak external
magnetic field. These characteristics of magnetization are
caused by the fact that the magnetic characteristics of the hard magnetic
filmllc are not operating strongly ongthe soft magnetic film1llc, while

the spin 19 rotation of the
hard magnetic film 11lb is not started sinultaneously with that of the sofit

magnetic film1llc with respect to the external nmagnetic field.

Specifically, should the nmagnetic field be applied fromoutside, the soft
magnet i c Taanptoratishance effeet Yems@tr 488 P bie SSicaminpehhinmer fa

magnetic _f]leld keep n_to be plie h wg?r gpetic film1lc starts
to be rot tét'%éecfufl)eya ?;f)l EPQA?&?h'?asg aéﬁr%é: lﬁﬁ‘éiﬁg"r en1 ,Vg%| g‘rf ég?r’f)i ner jt%e
magnetoresistance effect element 43S.

After the entire surface‘is coated with the photoresist 62,
the entire surface is etched back. At this time, the etching rate
for the photoresist 61 and the non-magnetic insulating layer 61
is suitably selected for selectively etching a non-magnetic
insulating layer area 8la lying on the magnetoresistance effect
element 43S and the protective layer 44 for reducing the step
difference and for providing a planarized upper surface.

The result is that the surface is substantially planarized,
while the magnetoresistance effect element 438 and the protective
layer 44 are buried in the non-magnetic insulating layer 61. The
subsequent process is ihe same as that explained above for the
MR head.

For etchback, it suffices if the surface is substartially
planarized, whilg the non-magnetic insulating layer 61 may be
lef£ on the protective layer 44, as shown in Fig.21. If the non-
magnetic insulating layer 61 is left on the protective layer 44,
as shown in Fig.21, it suffices if, during formation of the
opening 48 for connecting the conductor layer for the sense
current 48 aﬂd the magnetoresistance effect element 435 to each
other or the opening 52 for interconnecting the upper gap layer
53 and the magnetoresistance effect element 43S in a subsequent

step, the portions of the non-magnetic insulating layer 61 in the



of magnetization of the hard magnetic film 11b cannot produce
per pendi cul ar conponents to the soft nagnetic film1l1llc so that there is no
risk of any adverse effects on the stability of the nagnetoresistance
effect |ayer 13. The underlying | ayer 1la, arranged bel ow the hard
magnetic |ayer 11b, is effective to inprove coercivity of the hard
magnetic | ayer 11b and to reduce the pesgpendi cul ar conponents of

magneti zati on of the hard nagnetic film 11lb. The result is that the
underlying | ayer 1la contributes to magnetic stabilization of the
magnet or esi stance effect |ayer 13. The present invention is no
limted to the above-descri bed thin-filmmagnetic head and may al so be

appl i ed peeaings ri&, 5% aranppReved HdedshyvEmgt ke mrgtecsdiesi saxafcddef f ect
el enent gAbngsr w?hgﬁﬂ i”eﬁﬂ .5148 5 The magnet oresi st ance effect
el ement 387 ndS hdfe R R S2i 2fance effect stabilization |ayer 11B
which i's nmadea;tddhatfiv@1har dneB@i@iceC il IwRithd R0 musRftbreBPedde fil m 1le
formed on the hard nmagnetic film 11ld. This nagnetoresi stance

effect element 43S and the protective layer 44 are buried in the

simlar

non-magnetic insulating layer may also be realized by first
forming the non-magnetic insulating layer on the lower gap layer
42, magnetoresistance effect element 438 and the protective layer

44, and subsequently grinding off the non-magnetic insulatihg

layer.

That is, after forming the magnetoresistance effect element
438 and the protective layer 44, as shown in Fig.12, and removing
the ﬁhotoresist 45, a non—magnetic insulating layer 71 is formed

for overlying the lower gap layer 42, magnetoresistance effect

element 438 and the proiective layer 44, as shown in Fig.22 which
is.a view looking from the surface of the MR head along which
slides the magnetic recording medium. The entire surface is then
ground, as shown in Fig.23, so that there is produced a planar
surface free of surface'step differences. The subsequent process
steps are similar to those explained above for the MR head.

For grinding the non;magnetic insulating layer 71 in this
manner, it suffices if the surface is substantially planarized,
while the non-magnetic insulating layer 71 may be left on the
protective layer 44, as shown in Fig.23. If the non-magnetic

insulating layer 71 is left on the protective layer 44, as shown

in Fig.23, it suffices if, during formation of the opening 48 for



20 effect stabilization |ayer 11B operates in the sanme way as the
above-descri bed nagnet oresi stance effect stabilization |ayer 11 on the
magnet or esi stance effect layer 13 for inproving nagnetic stability of the
magnet or esi stance effect |ayer 13. The hard magnetic film 11d is
formed of hard magnetic materials, such as CoPt, CoPtCr or CoNi, and is
magneti zed in a direction indicated b?oarrOM/Jd in Fig.8. The hard
magnetic film 11d is nagnetized so that its direction of magnetization Jd
is parallel to the track wwdth direction indicated by arrowB in Fig.8. °
The soft nagnetic film1lle is forned of a soft nmagnetic material, such as
Ni Fe or where X is Ta, C or N d is magneti direction
|nd|cated°89n%ﬁ?%ﬂﬁ 388'?Pﬁﬂi§%?” ThRECeT gﬁﬁqﬂﬁbﬁgPFE %%T?ﬁ%%lgghﬁg i e

directi Onmagnm%zaﬁw%f«}ec{ﬁeélennmbessﬂ&orrageﬂtam By the h3{_]3@5salngragnetI c
film 11d. The net hod for producing the above-descri bed head is
herei naft &2 eXprai eercdonsiec@aihg the udper pgeduclayet hés3dVRahaadtha | ower
gap layer 42 forned, of

magnetoresistance effect element 438 in a subsequent step, the
portions of the non-magnetic insulating layer 71 in the bpenings
48, 52 are removed along with the protective layer 44 for forming

the openings 48, 52.



a non-magnetic insulating material, such as Al[err]Jerr], is first

formed on a | ower |ayer shield 41, as shown in Fig.9. The | ower gap | ayer
42 serves for electrically insulating the | ower portion of the
magnet or esi stance effect elenment fornmed in the subsequent step and for
formng a magnetic gap on the | ower portion of the magnet or esi st ance

effect el enent. Then, as shown idlFig.10, a thin filmlayer 43
i ncl usi ve of 21 t he

magnet or esi stance effect filmis formed on the lower gap |ayer 42, and a'
protective |layer 44 fornmed of, for exanple, Af[err](err], is formed on

t he thinw&k&”&éa@fﬁlﬁ%ﬁ'Ilbis thin filmlayer 43 is etched at a later step
to forma naghetoresistance effect elenent, and is nade up of a

magnet or asi St AneRiBif Qe megAbLid 2idM@ cbapis AR, a non-magnetic insul ating
| ayer 43b of Al[err](err], an
a magnetoresistance effect layer having a soft magnetic film
exhibiting the magnetoresistaﬁce effect;
a non—-magnetic insulating layer; and
a magnetoresistance effect stabilizing layer formed on said
magnetoresistance effect layer with said non—magnetic insulating
layer in-between, said magnetoresistance effect stabilizing layer
having a hard magnetic layer and a soft magnetic layer; wherein
the rotation by spin of the hard magnetic film relative to
the intensity of the external magnetic field is set so as to not
occur simultaneously with that of the soft magnetic film relative
to the intensity of the external mégnetic field.
2. The thin-film magneiic head as claimed in claim 1 wherein the
rotation by spin of said soft magnetic film responsive to
increased externa magnetic field first occurs followed by the
rotation by spin of said hard magnetic

film responsive to

increased externa magnetic field.

3. The thin-film magnetic head as claimed in claim 1 wherein
said magnetoresistance effect stabilizing layer has an underlying
layer for said hard magnetic layer, said underlying layer
increasing coercivity of said hard magnetic film.

4. The thin~film magnetic head as claimed in claim 3 wherein

said underlying layer is formed of Cr.

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

* [ L M S *



underlying filmof Ta and a magnetoresi stance effect |ayer 43c fornmed by
an NiFe film |ayered together. Referring to Fig. 10, t he
magnet or esi st ance effect stabilizing |ayer 43a is made up of an
underlying film21 of G, a hard magnetic film 22 of a hard magnetic
material, such as CoPt, CoPtCr or CoNi, and a soft mmgnetic material 23
formed of a soft magnetic material, suc3as N Fe or NiFe-X, where X is Ta,

Cr or Nb, layered on the |ower gap |ayer 42. Thi s magnet or esi st ance
effect stabilizing layer 43a is formed by form ng the underlying |ayer 21
and the hard magnetic | ayer 22 on the |lower ga layer 42 in the sane

filmform ng tank and by subsequently form ng the soft magnetic film 23.
Wen  forfitflg hefthereensdic fiddyntti £7meq | ff 253 leasgtpeone’ of hard

magnet or egj f t ab b i 74 e a d S ot treating
t he surfa?@ig?@tgﬁe har étarlrggﬁgﬁ'%;#ﬁ%r# % é\llo?ﬁ’ bdao?kt-d}r q?gute%hé?l ng, with the

hard magnet.i ¢ fThent23nandlm hea Goftticnhghat o€ cldfimem 28 &husm beiwngreadpl ed to
each ot her by weak exchange reci procal action. If the soft nmagnetic film
23 is for rfd dni $Rdut masTddle- shidm eif ndorned saff &de bfastheoref ofnmeghétic

film 22, ték%netic materials exemplified by NiFe, NiFeTa and NiFeNb.

7. The thin—-film magnetic head as claimed in claim 1 wherein
said hard magnetic film is not more than 5 um in thickness and
is formed of at least one of hard magnetic materials exemplified
by CoPt, CoPtCr and CoNi, and wherein said soft magnetic film is
formed of at least one of soft magnetic materials exemplified by
NiFe, NiFeTa, NiFeCr and NiFeNb and is layered on said hard

magnetic film.
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22 magnet or esi stance effect stabilizing |ayer 43a is forned under

such a condition in which the hard magnetic film22 is coupled to the soft
magnetic film 23 with a weak exchange reci procal action or with a strong
reci procal action if the filmthickness of the hard magnetic film?22 is
not nore than 5 nmor nore than 5 nm respectively. The thin film
|'ayer 43 is then forned by the non-magn&dic insulating |ayer 43b being

| ayered on the magnet or esi st SWcd - FaIMe MAGNETLC HEADafter fornmation of the
magnet or esi stance effect stabilization |ayer 43a as §| B '
Therefore, the magnetoresistance effect stabili zationjlegy r% F@h‘rred
under such a condition that the hard magnetic film 22.and Bﬁ L
nagnetic‘fBlslTﬁ“rA% are coupl ed together by a weak exchange reciprocal action
by the hard g | Ce syl | ' f ‘ Ilem t b ot nore
than 5 nm angabgﬁ%ghs}g‘f Ehgﬁagﬁéetr}%cadf ?Pﬁgééﬁeﬁr%leftg]ﬁngg% t%cg)'utgffsgrface

treati ng ddpneharésistagoet érfddtl 11 2m {1y ,imbosvexaspl eurftekssawitieingg. This
assures

the playback output. The tﬂin-film magnetic head includes a
magnetoresistance effect stabilizing layer 11 having a hard
magnetic member 11d and a soft magnetic member 1le, a non-
magnetic insulating layer 12 layered on the magnetoresistance
effect stabilizing layer 11, a magnetoresistance effect layer 13
layered on the non-magnetic insulating layer. 12 and a pair of
electrodes connected on both ends of the magnetoresistance effect
layer 13. Under the effect of the hard magnetic member 11d, the
magnetoresistance effect layer 13 is reduced in coercivity anﬁ,
under the effect of the soft magnetic member 1lle, the magnetic

filed which proves to be the saturation flex density is

increased.

Figure 4
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stabilized magnetic characteristics of the nagnetoresi stance effect |ayer
43c. Then, for formng the thin filmlayer 43 to a
magnet or esi stance effect element of a pre-set shape, a phot or esi st
45, patterned to a pre-set shape, is forned on a protective |ayer 44, as
shown in Fig.11l. The protective |ayer 44 and the thin filmlayer 43 are
t-hen etched, as shown in Fig.12, for form ng a nagnetoresi stance effect
el enent of a pre-set shape 1/14 23
43S having the protective |ayer 44 formed thereon, as shown in Fig. 11.
By previously formng the thin filmlayer 43 including the

magnet oresi stance effect filmand by subsequently etching the |ayer for
form ng the nmagnetoresi stance effect elenment of a pre-

101—1 102




set shape 43S, the magnetoresi stance effect stabilizing |ayer 43a can be
brought into registration with the magnetoresi stance effect |ayer 43c.
Thus, with such magnetoresi stance effect elenment 43S, ideal nagnetostatic
coupling can be established between the nmagnetoresistance effect
stabilizing layer 43a and the magnetoresistance effect |ayer 43b.

Then, as shown in Fig.13, a non-nagnetd/d4 nsulating |layer 46 is formed for
overlylng t he photoresist 45, protective layer 44 and the
magnet or esi stance effect elenent 43S, with the photoresist |left intact,
and subsequently the photoresist 45 is peeled and renoved along with the
non-magnetic insulating |ayer 46 fornmed on the photoresist 45. After the
photoresist 45 is peeled and renoved along with the non-magnetic
insulating layer 46 formed on the photoresist 45, the surfaces of the
non-magnetic insulating |layer 46 and the protective |ayer 44 are ground
and planarized. This gives rise to the state in which the
magnet or esi stance effect element 43S and the protective |layer 44 are

enbedded in the non-magnetic insulating |ayer 46. By the so-called
lift-off nmethod in which the photoresi st 45 is renoved along with the
non-magnetic insulating | a9er &6 3b 6 IO
|
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24 formed thereon, the state in which the nagnetoresistance effect

el ement 43S and the protective |ayer 44 have been buried in the

non- magneti c insulating |ayer 46 can be produced easily. However, wt such
lift-off nmethod, there arises a risk that burrs or the like tend to be
formed at an edge on peeling off the photoresist thus |owering surface
roughness to affect nagnetic properti &1 the magnetoresistance effect

el enent 43S or insulating properties or worsening the shape of the upper
gap |layer or the upper layer shield fornmed during the subsequent step.
Therefore, after peeling off the photoresist 45, it is advisable to grind
the surfaces of the non-magnetic insulating |ayer 46 or the protective

| ayer 44 for inproving surface properties. For grinding the surfaces
of the non-magnetic insulating |ayer 46 and the protective |ayer 44 after
exfoliation of the photoresist 45, it is necessary to increase the film

t hi ckness
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of the protective layer 44 in consideration of the amount ground off

in
the main step. Specifically, should the protective |ayer 44 be of
Alferr]Jerr], the ultimate fil mthickness of the order of 20 nm is
optimum for the protective layer 44. On the other hand, in order to
provide a sufficiently planar surface 44 by the grinding of the main step,
the grinding on the order of 50 nmis 4£bbired. Therefore, if

, after
exfoliation of the photoresist 45, the surfaces of the non- nagneti c

insulating layer 46 and the protective |layer 44 are ground, it suffices:’
if the protective 25 | ayer
44 of, for exanple, Al[err](err], is previously fornmed to a thickness on
the order of 70 nm and the filmis planarized by grinding by

approximately 50 nmin the main step for providing the ultimate film
t hi ckness of the protective |ayer 44 on the
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order of 20 nm By grinding the surfaces of the non-magnetic
insulating layer 46 and the protective layer 44 in this manner, the
magneti c characteristics of the nagnetoresistance effect el enent 43S or
the insulating properties are inproved, while the shape of the wupper |ayer
shield fornmed in the subsequent process becones ideal, thus inproving the
frequency response of the MR head. 57hén, after form ng a new

non- magneti c insulating |ayer 47 on the protective |layer 44 and on the
non- magnetic insulating |ayer 46, the non-magnetic insulating | ayer 47 and
the protective |layer 44 on the rear end 43A of the nagnetoresistance
effect elenent 43S are etched off for form ng an openi ng 48 exposing the
rear end 43A of the nagnetoresistance effect elenent 43S, as shown in

Fi g. 16. Then, on the rear end 43A of the magnetoresistance effect

el ement 43S and on the non-nmagnetic insulating |ayer 47, a  conductor

| ayer for the sense current 49 is forned, via the opening 48 forned in
the previous step, for connection to t-he upper surface of the
magnet or esi stance effect elenent 43S, while a conductor |ayer for the o
as current 50 is forned on the non- magnetic insulating |layer 47 for
overlying the magnetoresi stance

B
A

o’

FIG.7



26 effect elenent 43S, as shown in Fig.1l7. On these layers 49, 50 is
further fornmed a non-magnetic insulating |ayer 51, as shown in Fig.17.
The non-magnetic insulating |layer 51, non- magnetic insulating |ayer
47 and the protective layer 44 on the forenost part 43B of the
magnet or esi stance effect elenent 43S are then etched for form ng an
openi ng 52 exposing the forenost part ¢43B of the nmagnetoresistance effect
el enent 43S, after which an upper gap layer 53 is forned via the opening
52 on the forenpst part 43B of the nagnetoresistance effect el enent 43S
and on the non- magnetic insulating layer 51 into contact with the upper
surface of the magnetoresistance effect elenent 43S, and further an upper
| ayer shield 54 is forned thereon, as shown in Fig.18. An MR head is
produced by slicing an assenbly prepared by t he above operations. Since
the MR head, thus produced, is a
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read-only magnetic head, an inductive head for recordi ng may further be

| ayered on the MR head. Meanwhi |l e, in the above-described nethod for
produci ng the MR head, the non-magnetic insulating |ayer 46 is forned
whil e the photoresist 45 is left for realizing such a state in which the
‘magnet or esi stance effect el enent 43S an he protective |ayer 44 are
buried in the non-nmagnetic insulating'1g& r 46, and subsequently the -

photoresi st 45 is renoved along with the non- magnetic insulating | ayer
46 thereon, as shown in figs.1l4 and 15. However, the state in which the'
magnet or esi stance effect el enent

27 43S and the protective |ayer 44 are buried in the non- magneti c
insulating |ayer 46 can be realized by techniques other than those

descri bed above. Specifically, the state in which the

magnet or esi st ance
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effect el enent 43S and the protective layer 44 are buried in the
non-magnetic insulating |ayer 46 can be realized by formng a non-nmagnetic
insulating |ayer on the | ower gap |ayer 42, nmagnetoresistance effect

el ement 43S and on the protective |ayer 44 and subsequently etching back

t he non-magnetic insulating |ayer. That is, after formng the
magnet or esi stance effect elenent 43S aptldthe protective |ayer 44, as shown
in Fig.12, and renoving the photoresist 45, a non-nagnetic insulating

| ayer 61 is formed for overlying the |ower gap | ayer 42, magnetoresistance
effect elenent 43S and the protective |layer 44, as shown in Fig.19 which
is a view |ooking fromthe surface of the MR head al ong which slides the
magneti c recordi ng medium Then, a photoresist 62 is fornmed on the

non- magnetic insulating |ayer 61, as shown in Fig.20. In an area of the
non- magnetic insulating |ayer 61 other than that overlying the
magnet or esi stance effect elenent 43S, the photoresist 20 is applied to a

t hi ckness substantially equal to or.slightly less than the filmthickness
of the magnetoresistance effect elenent 43S. In this manner, the film

t hi ckness of the photoresist 62 is thicker in‘the area of the non-magnetic
i nsul ati ng | ayer 61 ot her thqg t hat overlying t he
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28 magnet or esi stance effect elenent 43S, while becomng thinner in the
area of the non-nmagnetic insulating |ayer 61 overlying the
magnet or esi stance effect el enment 43S. After the entire surface is
coated with the photoresist 62, the entire surface is etched back. At this
time, the etching rate for the photoresist 61 and the non-magnetic
insulating layer 61 is suitably selecd¢ptafor selectively etching a
non-magnetic insulating |layer area 6la |ying on the nagnetoresistance
effect elenment 43S and the protective |layer 44 for reducing the step
difference and for providing a planarized upper surface. The result
Is that the surface is substantially planarized, while the
magnet or esi stance effect elenment 43S and the protective |ayer 44 are
buried in the non-nmagnetic insulating | ayer 61. The subsequent process is
the sane as that explained above for the
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MR head. For etchback, it suffices if the surface is substantially

pl anari zed, while the non-magnetic insulating |ayer 61 nay be | eft on the
protective |ayer 44, as shown in Fig.21. |If the non- magneti c insul ating
| ayer 61 is left on the protective |ayer 44, as shown in Fig.21, it

suffices if, during formation of the openi ng 48 for connecting the
conductor |ayer for the sense currenti1gpi;&and the nagnet oresi stance effect
el enent 43S to each ot her or the opening 52 for interconnecting the upper
gap | ayer 53 and the magnet oresi stance effect el enent 43S in a subsequent
step, the portions of the non-magnetic insulating |layer 61 in the

29 openi ngs 48, 52 are renoved along with the protective |ayer 44 for
form ng the openings 48, 52. Alternatively, the state in which the
magnet or esi st ance
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effect el enent 43S and the protective layer 44 are buried in the
non-magnetic insulating |ayer nay also be realized by first formng the
non- magneti c insulating |ayer on the | ower gap |layer 42, magnetoresistance
effect elenment 43S and the protective |layer 44, and subsequently grinding
of f the non-nmagnetic insulating |ayer. That is, after formng the
magnet or esi stance effect el enent 43S an Qe protective |ayer 44, as shown
in Fig.12, and renoving the photore5|st 4& a non-magnetic insul ating

|l ayer 71 is formed for overlying the |lower gap | ayer 42, magnetoresi stance,
effect elenment 43S and the protective |ayer 44, as shown in Fig.22 which
Is a view looking fromthe surface of the MR head al ong which slides the
magneti c recording medium The entire surface is then ground, as shown in
Fig.23, so that there is produced a planar surface free of surface step

di fferences. The subsequent process steps are simlar to those expl ai ned

above for the MR head. For grinding the non-nagnetic insulating
layer 71 in this manner, it suffices if the surface is substantially
pl anari zed, whil e the non- etic insulating layer 71 may be left on the
protéctive |layer 44, as shown Fig/2343 t48 nonggugnetic  insulating
|l ayer 71 is left on the ive llayer[ 44, /s shoyn in Fig.23, it
suffices if, during for NN
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30 connecting the conductor |ayer for the sense current 49 and the
magnet or esi stance effect elenment 43S to each other or the opening 52 for
i nterconnecting the upper gap |ayer 53 and the nagnetoresistance effect
el ement 43S in a subsequent step, the portions of the non-magnetic
insulating layer 71 in the openings 48, 52 are renoved along wth the
protective layer 44 for form ng the openisgs 48, 52.
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WHAT IS CLAIMED IS: 1. A thin-filmmagnetic head conprising: a
magnet or esi stance effect |ayer having a soft nagnetic film exhibiting the
magnet or esi st ance effect; a non-magnetic insulating |ayer; and

a magnet or esi stance effect stabilizing |layer fornmed on said
magnet or esi stance effect layer with said non-magnetic insulating |ayer

i n-between, said magnet oresi stance eﬁgqqu stabilizing layer having a hard
magnetic | ayer and a soft magnetic |ayer; wherein the rotation by
spin of the hard magnetic filmrelative to the intensity of the external®
magnetic field is set so as to not occur sinultaneously with that of the
soft magnetic filmrelative to the intensity of the external nmagnetic
field. 2. The thin-filmmagnetic head as clained in claim1l wherein the
rotation by spin of said soft nagnetic filmresponsive to increased
externa magnetic field first occurs followed by the rotation by spin of
said hard magnetic filmresponsive to increased externa nmagnetic field.
3. The thin-filmmagnetic head as.claimed in claiml1l wherein said
magnet or esi stance effect stabilizing |ayer has an underlying |ayer for
said hard magnetic |ayer, said underlying |ayer .
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increasing coercivity of said hard magnetic film 4. The thin-film
magnetic head as clained in claim3 wherein said underlying |ayer is
formed of Cr. 5. The thin-filmmagnetic head as clainmed in claim1l
“wherein 32 sai d hard
.magnetic filmis forned of at |east one of hard nagnetic materials
.exenplified by CoPt, CoPtCr and CoNi . %g. The thin-fil mnmagnetic head as
claimed in claiml wherein said sof tt4 énetic filmis formed of at | east
one of soft rmagnetic materials exenplified by Ni Fe, N FeTa and N FeNb. .7.
The thin-filmmagnetic head as clainmed in claim1l wherein said hard
magnetic filmis not nore than 5 [errJmin thickness and is fornmed of at

| east one of hard magnetic materials exenplified by CoPt, CoPtCr and CoN ,
and wherein said soft magnetic filmis forned of at |east one of soft
magnetic materials exenplified by
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TEXT OF THE ABSTRACT

THIN-FILM MAGNETIC HEAD

A thin-film magnetic head in which magnetic stability of a magnetoresistance effect film is
improved for further stabilizing the playback output. The thin-film magnetic head includes a
magnetoresistance effect stabilizing layer (11) having a hard magnetic member (11d) and a
soft magnetic member (lle), a non-magnetic insulating layer (12) layered on the
magnetoresistance effect stabilizing layer (11), a magnetoresistance effect layer (13) layered
on the non-magnetic insulating layer (12) and a pair of electrodes connected on both ends of
the magnetoresistance effect layer (13). Under the effect of the hard magnetic member (11d),
~ the magnetoresistance effect layer (13) is reduced in coercivity and, under the effect of the soft
-¥  magnetic member (11¢), the magnetic field is increased.

Fig. 4.
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