_'\;\‘_&

i !in

MAGNETIC TRANSDUCER AND
THIN FILM MAGNETIC HEAD

TECHNICAL FIELD

The present ipvention relates to a magnetic transducer

5 that employs the magunetoresistance effect and a thin film
magneucheadthatmdudesthismagnetxctransdum

| BACKGROUND ART
Inthecurrenttrend{ormoreeompaetmagnoﬁcdisk
drive devices, 2 thin fiilm magnetic head that employs a

10 magnetoresistive element for a read element is known in the
prior art as a magnetic conversion device suited for reading
information stored in a magnetic recording medium at a high
recording density, since its output is not affected by its speed
relative to the magnetic disk.

15 Magnetic transducers used in thin film magnetic beads
in the prior art include the ome disclosed in Japanese
Unexamined Patent Publication (Kokai) No. 125311/1981. The r
magnetoresistive read device disclosed in this publication is
providgdwithaeenn'alacﬁveareaanda_pairofpassive-

2  areas. The central active area includes a magnetoresistive film, I
a nonmagnetic spacer film and a soft magnetic film, and the

. soft magnetic Hlm provides a lateral biss fidld to the
megnetoresistive film. These films are formed so that the soft
. magnetic film constitutes the lowsrmost layer, - the

- nonmameﬁcspammmdon'?ﬁtutesthemiddle'l&yerand'the
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magnetoresistive film constitutes the uppermost layer. The pair

‘of end passive areas each include a magnetic domsin coutrol
ﬁlmandaleadponductivefﬂm.,‘rhemagneticconu*olﬁlms

are laminated at the two opposing sides of the central active

§ amfomingagapbetweenthem.andtheleadoonducﬁw;e
films are adhered on top of the magmetic domain coritrol films.

The soft magnetic film included in the central active

area provides a lateral bias field to the maguaetoresistive film
and, with this, it ensures linear operation when reading out

10 data that have been magnetically recorded. When the magnetic
field generated from the magmetically recorded data on the
magnetic recording medium is applied to the magmetoresistive

of ,the magnetoresistive film, the direction of magnetization

15 intpemagnetoresistiveﬁlmchangw.‘rhis.intum. causes the
resistance velue in the magnetoresistive film to change in
correspondencetothedirecﬁonofmagneﬁzaﬁonandasense
voltage corresponding to the resistance value is generated.
When the magnetic field generated by the magretically recorded

= data on the magnetic recording medium aligns with the
magnetization direction of the magnetoresistive film, however,

- the direction of magnetization does not change and, therefore,
the resistance value of the magnetoresistive film remains
practically unchanged. |

= The magnetic domain control films are provided in
order to provide a longitudinal bias field to the
magretoresistive film and, conssquently, to prevent Barkhausen




is Sheet Has Been Replaced

i

' Ti4iS SHEET HAS BEEN

REPLACED

noise. U.S. Pat. No. 4, 024, 489 discloses an MR sensor that

ewploys a hard magnetic bias film used as s magnetic domain
control film.

As descried earlier, with this type of magnetic

5 transducer, when thamagneﬁcﬁoldgeneratedbvﬂ;e

magnetically recorded data on the magnetic recording medium

aligns with the magnetization direction of the magnetoresistive

film, the direction of the magnetization does not change, and

therefore, the resistance value of the magnetoresistive film

10 remaing practically unchanged. Now, taking the off track -

characteristics into consideration, since the magnetic #field
mera_tedby't_limmaznetimuyreoordeddammthemagmﬁc

recording medipm disperses in every direction, wlen the
magnetic reads magnetically recorded information on

18 one track w making relative movement at high speed in
thedirecﬁmrfthétaék.thme:ﬁstsapointatwhichtha
directicnofﬂ?emagneﬁcﬁeldganmudbythemagneﬁcaﬂy
recorded data|on the magnetic recording medium aligns with
the magnetization direction of the magnetoresistive film, and

] theoutputétthatpointisatifsmmimum.msminimum
point is jned by the magnetization direction of the
magnetoresistive film and the more intense the magnetic field
of the latera] bias (the greater the hias angie), the closer

, it moves themainoutputpeakpoint.inoonmst.as

25 themasneﬁc;ﬂeldofthelateralbiasbecomesmduced(tm
smaller the Liss angle), it moves away from the main output
peak point. The further away the minimum peint moves from
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the main output pesk polat, the wider the main output pulse
widthbecomes,thussecuﬁqgalargeoﬂmckmarginand
faclitating the design of tho signal processing clrcuit.
The magnitude of the lateral bias field is determined
5 by the ratio of the product of the saturation magnetization
MO and the volume V0 of the soft magnetic film, to the
product of the saturation megnetization M1 axd the volume V1
of the magnetoresistive film, i.e., (M0+V0) /_.(M_l'Vl). The
larger the ratio (MQ-V0) / (M1-V1), the stronger the lateral
10 biss field. |
In this type of msgnetic transducer, its central active
area is normally formed through high accuracy pattern
forming technology which employs photolithography, ion milling
or the like. When the laminated films are patterned through
15 s‘uchaprbcess.convenﬁonaﬂyth_aluw’athefﬂmis,tbe
larger its surface area. With a magnetic transducer in the priar
axt.sinceﬁlmsarelaminatedinsuchammthatthesoft
magnetic film constitutes the lowermost layer, the
nonmagnetic ‘spacer film constitutes the middle layer and the -
» magnetoresistive film constitutes the uppermost layer. as
- explained earlier, the flat surface area SO of the lower layer,
i.e., the soft magnetic film, is larger than the flat gurface
. area Sl of the uppermost layer, i.e., the magnetoresistive
. film. In other wards, S0 > S1. Note that the film thickness
3 ofthesdtmamﬁcﬂhnisapproﬁmatelvequal_tothatofthe
magnetoresistive film.
Because of this, under normal conditions, in which the
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saturation magnetization M0 of the soft magnetic film is
approximately 1 to 0.6 times the saturation magnetization M1

of the magnetoresistive film, the ratio (M0-V0)/(Ml+Vl) is

large. This presents an over bias condition, and when the
off track characteristics are taken into accounf, it means that

it is difficult to set the minimum point where the direction

of the magnetic field generated by the magnetically recorded
dataonthemagneﬁcreeordingmédium-alignswiththe
direction of the magmetization on the magnetoresistive film at
alocaﬁonthatisawayﬁ'omthemainoutputpeakpoint.
Thus, with a magnetic transducer in the prior art, it is
difficult to increase the off track margin by expanding the
width of the main output pulse.

Note thst, while, with a small quantity of qver bias,
the bias can be adjusted to the correct state by reducing the
sense current, this will result in reduced output.
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DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a
magnetic transducer and a thin film magnetic head that
facﬂitatethedesignofthesignalpromsingcircuit_by

s expanding the width of the main output pulse and,
consequently, by increasing the margin.

It,is a further object of the present invention to
provide a magnetic transducer and a thin filn magnetic head
thet make it possible to sat the bias to an appropriate state

W  without lowering the output by adjusting the sense current.
' In order to achieve the objects described above, the
magnetic transducer according to the present invention

_ comprises a central active area and end passive arcas and is
supported by a supporting body. The central active area

18 includes a magnetoresistive film, a nonmagnetic spacer film and
a soft magnetic filn with the magnetoresistive film
constituting the lowermost layer on top of the supporting
body,thenonmagneﬁcspacer.ﬁ]mlaminatedontopofthe
magnetoresistive film and the soft magnetic film laminated on

= top of the nonmagnetic spacer film to provide a lateral bias.
field to the magnetoresistive film. The end passive areas are
connected to the two side surfaces of the central active area.

The thin film magnetic head according to the present

¢  invention comprises a slider and a magnetic transducer
2  supported by the slider, in which the magnetic transducer is

. constitutedasciesuibedabove.
Since the central active area includes a magnetoresistive
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film, a nonmagnetic spacer film and a soft magopetic film,

and is structured with these films laminated in such a manner

that the soft magnetic film provides a lateral bias field to

the magnetoresistive film, the magnetization direction of the

5 magnetoresistive film is changed by the magnetic field

generated by the magnetically recorded data on the magnetic

recording medium, which will in turn, change the resistance

valug of the magnetoresistive film. Consequently, the

| magnéticanyrecordeddatacanhemdaschangesinthe
10 output voltage. |

Since, in the cemtral active area, the magnstoresistive

film constitutes the lowermost layer on top of the supporting

body, with the nonmagnetic spacer film laminated on top of

the magnetoresistive film and the soft magnetic film laminated

5 on top of the nonmagnmetic spacer film, when forming these

films through bigh accuracy patterm forming technelogy,

which mainly employs photalithography and ion milling, the

flat surfece area Sl of the lowermost layer, i. e., the

. magretoresistive film is-larger than the flat surface area SO

2 of the uppermost layer, i.e., the soft magnetic film. Thus,

S1 > S0 is satisfied Note that the film thickness of the soft

magnetic film is approximately equal to that of the

magnetoresistive film, o _

Sincethesatm'aﬁ_onmagnaﬁzation.MOofthésoft

25 magnetic film is approximately 1 to 0.6 times the saturation

magnetization M1 of the magnetaresistive film, M1z MD is

satisfied. With these conditions, i-e.. $1 > SO and M1=MO,
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(M1-V1) > (M0+V0) is always true. With this, it becomes
more difficult to provide an appropriate lateral bias magnetic
field from the soft magnetic film to the magmetoresistive film
(underbias).Wbenthisisoonsideredﬁ-omtheviewpointt_’f
s the off track characteristics, it means that the point at which
the magnetic field generated by the magnetically recorded data
on the magmetic recording medium aligns with the direction
" of the magnetization of the magnetoresistive film moves away
from the main output pulse peak point. This facilitates the
0 design of a signal processing circuit by increasing the width

of the main output pulse and the off track margin.
Furthermore, since an under bias state is ensured, it
maybepossibuwsetthsbiastoanapptopﬁatestatebv
adjusting the sense current to achieve the correct bias state

5  without causing a reduction in output. _

As the end passive areas are connected to the .two side
surtaw_ebtthecenn-alactiveama, sense cwrrent can be

applied to the central active area via the end passive areas

and. also the required magnetic biss can be applied the same

» . way. In a normal structure, each end pessive erea will

include a magmetic domain control film which has electrical and

magnetic continuity with, at lsast, the magnetoresistive film,

which will' make it possible to apply the sense current

described above and also to apply a magnetic bias that

%  corresponds to the magnetic domsin control film to the
magnetoresistive film. ]

‘l‘hnthinfilminagneﬁcheadaomdiqgwthemt
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. invention includes an MR type magnetic transducer that is
'~SuppnrtedBVasﬁde§'andiseonsﬁtutedvﬁththemagneuc
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mnsdunéraooordingtothopresentinvmﬁm. Because of this,
withthethinﬁlm-magneticheadacomﬂingtotheprese:}t

invention, the.advantégaofthemwpemagmﬁcu'ansdum.
aecordiugtothepmmtinvenﬁonéredirecﬂyobtained.

BRIEF DESCRIPTION OF THE DRAWINGS

These snd other sdventages, features and objects of the
present invention will be understood by those of ordinary skill
in the art referring to the annexed drawings, given purely by
way of non - limitative example, in which ;

FIG. 1 illustrates a plan view of the magnetic
transducer according to the present invention:

FIG. 2 illustrates a cross section of FIG. 1 through line
A2-A2; '

FIG. 8 illustrates the magnetic recording read function

.performsdbythemagneﬁctransdueer:and

FIG. 4 ilustrates an enlarged cross section of a thin
film magnetic head that . employs the magnetic transducer
according to the present invention _as.areadelment.

BEST MODE FOR CARRYING OUT THE INVENTION
As illustrated in FIGs, 1 and 2, the magnetic transducer
according to the present invention comprises a central active
area 1 and end passive areas 2 and 3 and Is supported by

a supparting body 4. The central active area 1 includes a .




magnetor&ﬁsﬁveﬁlméhereafterrefmedtoasthemﬂlm)ll.
anonmagneticspam;rﬂlmmandasoftmagneticﬂmla
with the MR film 11 constituting the lowermost layer on top
of the supporting pody, the nonmagnetic spacer film 12
s  laminated on top of the MR film 11 and the soft magnetic film
| 13 laminated on top of the monmagnetic spacer film 12 to
‘wovide a latersl biag field to the MR film 11. The MR film
11 is formed from, {for instance, permalloy. Its composition,
thickness, man ing method and the like are known to
those with ordinary skill in the field this technology pertains
to. The soft magnetic film 13 is a magnetic film that has.
little or no magnetoresistance, and may be constituted of. for

| instance, Ni-Fe-Rtl, Ni-Fe-Cr, may be smorphous, and ‘is
, formed to have a thickness of, for instance, 200 to 300 A.
s The nonmagnetic miacerﬁlm 12 is constituted of 2 Ta film
with a thickness of, for instanca, 100 to 200 A, This
lemination structure is typical in MR type magnetic

u'ansc_lucets.

'rheendpaé,r;ive:areasZandS_are.aonnectedmthe

»  two side surfaces of the central active area 1.
| smeethem}n-alacﬁvea:eanncmdesmemmm
11. the nonmagneticispacer film 12 and the soft magnetic film
13 and is constituted with the MR film 1.’ the nonmagnetic
spacer film 12 and the soft magnetic film 13 laminated S0
s m:mm&m@#icﬁm'lamﬁaesamﬂmasﬁemm
thehﬂtﬁlmn.tremagneﬁzatiox_ndirecﬁonofthemm
11 is changed hy the magnetic field generated by the

Lif
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magnetically recorded data on the magnetic recording medium,

" and the data are read by changing the resistance value of

mimmlltowhichthesensemrrentsnmin

correspondence to changes in the direction of magnetization in
s the MR film 11.

Since, in the central active area 1, the MR film .11
oonﬁtitutesthelowemostlayerontopofthesupporﬁngbody
with the nonmagnetic spacer film 12 leminated on top of the
MR film 11 and the soft magnetic film 13 laminated on top

10 ofthenonmagnéﬁcspacerﬁlmlz.undernormal
manufacturing conditions, in which these films sre formed
through high acenracy pattern forming techmology, which
meinly employs photolithography and lon milling, the flat
: surface area S1 of the lowermost layer, i.e., the MR film 11

5 . is larger than the flat surface area SO of the uppermost
layer, i.e., the soft megnetic film 13. Thus, S1> SO is
satisfied. Note that the film thickness of the soft magnetic flm
13 is approximately equal to that of the MR film 11. Since
 the saturation ‘magnetization MD of the soft magnetic flm 13 °

»  is approximately 1 to 0.6 times the ssturation magnetization
Ml of the MR film 11, M12MO is satisfied. Therefore, (M1~
V1) > (MO-V0). With this, it becomes more difficult to provide
anappmpriatelateralbiasfieldfromthesoftmagnéﬁcﬁlm

L 18 to the MR film 11. As a result, the point at which the

25 magnetic field generated by the magmetically recorded data on
 the magnetic recording medium aligns with the magnetization
direction of the MR film 11, to which the lateral bias field
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is provided, moves away from the main output pulse peak
point in the off track characteristics. Thus, the width of the
main output pulse and the off track margin can be increased.
This aspect is further explained in reference to FIG. 3. In

§  FIG. 3. the horizontal axls represents the track direction and
the wvertical axis represents the MR output. Below the
horizontal axis, the track DI of the magnetic recording medium
(not shown) and the read magnetic ficlds FO to F2, which
are thercby generated, sve illustrated. The state in which a

10 strong lateral bias field is provided by the soft magnetic film
13 to the MR film 11 is schematically fMlustrated where “bias
large" is indicated. The lsteral bias magnetization M1l is
bmsedmthed:rechonmwhmhﬁmc@satmangleOI

txvetothehmontaldirecuon(intheﬁgm)

15 Thestapemwhmhan.weaklateralbmsﬁsldis_
provided by the soft magnetic film 13 to the MR film 11 is
schematically illustrated where "bias small” is indicated. The
lateral biss magnetization M2] is biased in the direction in
which it inclines at an angle & 2 relative to the horizontal

»  direction (in the figure). The angles 61 and 62 have a
relationship in yhich 61> 62.

First, a in which the bias is large is explained.
The magnetic jfield generated by the magnetically recorded 1

‘ data on the magnetic -recording medium disperses in every +

% direction from track Dl and, as a result, when the
ma,gneﬁc'mnsdx’ber-readsthemckn1wm1omovinga1ongthe
track direction ‘at high speed, there is a point at an off track
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position where the direction of the magnetic field F1 gensrated
by the magnetically recorded data on ths magnetic recording
medium is aligned with the direction of the latersl bias
magnetization M11. Since, at this position, almost no change
omiﬁthe:esiswncevalueofthemmmu,thispoiﬁ
becomes the minimum point DIP} which gives the minimum
MR output. Within the track, the angle at which the read
magnetic field FO crosses the direction of the lateral bhias
* magmetization M1l is steep and, therefore, the lateral bias
10 magnetization M1l rotates in the direction of the read magnetic
ficld FO. Due to the effect of the read magnetic field FO,
 the lateral bias magnetization Mil rotates by en angle 81 and
a large change in the resistance value of the MR film 11
occurs. The main output pulse L1 is generated in this manner.
5 When the bias is small, the operation is basically the
same. However, since the lateral bias field is wesk, and the
angle 62 of the lateral bias magnetization M21 is small. the
minimum point DIP2, at which the direction of the lateral
bias magnetization MII and the read magnetic field F2 elign-
= with each other, occurs at a position that is further away
from the peak value VP of the main output pulse L2, compared
to the minimum point DIP1 that occurs when the bias field
is large. Consequently, when the bias field is small, the
mainoutputpmsewmfhwzislugerthanmemainoutput
%5 pulse width W1 obtained when the blas field is large, thereby
ensuring a large margin.
.Asexpla:nedsofar.amordingtotiwpresentinvenﬁm.
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thelateralbiasmagneﬁzaﬁonisinaiundubinsstate_
', compared to the prior art and, as a result, the margin can.
be increased by increasing the width of the main cutput pulse.
Also, bmuse'.mmduﬁasmteisw. a
5  reduction in output can be prevented even when the bias is
adjusted to a suitable stats by incressing the sense currents.
Astheendpassivemas-zandsareeomectedtothe
two side surfaces of the central active area 1, a sense current
can be applied to the central active area 1 via the end
10  passive areas 2 and 3 and also the required magnetic bias field
can be provided in the same way. In a normal structure, the
end passive areas 2 and 8 include magnetic domain. control
films 21 and 81 respectively, which have electrical and
magnetic continuity with, at least, the MR film 11, to make
18 it possible to apply the sense current described above and also
to apply a magnetic bias, which corresponds t0 the magnetic
domain control films 21 and 31, to the MR film 11.
The magnetic demain control films 21 and 31 can be
constituted with hard magnetic films. In that case, by using
20 ° the magnetic field generated by the magnetized hard magnetic
films 21 and 81, a consistent longitudinal bias field can be
provided to the MR film 11 to prevent gemerstion of
Barkhaugsen noise caused by the movement of the magnetic
domain. The_har_ﬂmagneticﬁlmsmaybe,forinstame. CoPtCr
%  and they are formed to' have a film thickness of
approximately 200 A.
Alternatively, the magnetic domain control films 21 and

::__":!
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31 may be constituted with antiferromagnetic films and, in
that case. by using the exchange coupling gemerated between
theanhferromagnehcﬁlmsandtheMRfﬂmll acmsuswnt
longxmdmalbuasﬁeldunbeprovxdedtotheMRﬁlmnﬁo_
prevent generation of Barkhausen noise caused by the
movement of the magnetic domain, The sntiferromagnetic films
may be., for instance, Fe-Mn and they are formed to bave
a film thickness of approximately 200 3.

The end pessive aress 2 and 3 include lead conductive
films 22 and 32 respectively as well as the magnetic domain
control films 21 and 31.- The lead conductive films 22 and
szmdepositedontothemagneﬁcdomaincontrolﬁlmszl
and31.whi1ebeingprovided;ﬁthpmamétmmoveﬂam
on the magnetic domain control films 21 and 81 on the
cantralacﬁvemal.Bemuseof'this.sensecurrentsmbe
supplied to the central active area 1 mainly through the lead
conductive films 22 and 82 at both sides of the central active
area 1.

The Jead conductive ‘films 22 and 32 are adhered on to
the magnetic domain control films 21 and 31 respectively,

__whilebeingprovidedwithpatternsthatmoverlaidonthe

magnetic domain control films 21 and 31, on the central active
area 1 and also outside that area. As a result, the magnetic
domain control films 21 and 31 and the lead conductive films
22 and 32 can be formed through the high accuracy pattern
forming technology, which mainly employs photolithography, .
ionnﬂﬁngmdaﬂlmfornﬁngpm.honestep.'fhelead
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conductive films 22 and 32 are each comstituted with a
laminated film of, for instance. TIW/Ta.
FIG. 4 is an enlarged cross section of a thin film
magnetic head that employs the megnstic transducer described
5 .aboveasa:eadelmentmdalsoemManinducﬁvetype
méneﬁctansducerasawﬁmelement.Thethinﬁ]m
magunetic head in the figure is provided with a read element
110 constituted with an MR type magnetic transducer and e
write -element 120 constituted with an inductive type magnstic
10 transducer, on a slider 100. |
| The slider 100, constituted with a ceramic body, is
provided with an insulating film 101 formed of ALO, or SiO;
on a base body which is constituted of, for instance, AlLQ,
~TiC. The slider 100, is provided with an air bearing surface
15 (hereafter referred to as the ABS) 108 toward one surface
that faces opposite the magnetic disk. The type of slider in
which a rall portion is provided on the surface facing opposite
the magnetic disk with the surface of the rail portion being
used as the ABS, and the type of shider in which the surface
®°  that faces opposite the magnetic disk is a flat surface without
‘a rail portion, and almost the entire surface is used as the
ABS,areknow:nin'fhepriorartandany-ofthesemaybe
used for the slider 100. ° |
The read element 110 is constituted by embedding an
% hmtypemagneﬁch'ahsduwlllasaﬁmmsideaninsﬂaﬁng
~ film 102. Reference number 112 indicates a lead conductive
film through which power is supplied to the MR type magnetic
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transducer 111. The lead conductive film 112 corresponds to
the lead conductive films 22 and 32 in FIGs. 1 and 2. The
MR type magnetic transducer 111 and the lead conductive
films 112 emerge at the ABS 103 of the slider 100 to minimize
thespacmgm.RefmmberllsindicateSalow'er
shield fibm which is constituted with a magnetic film of, for
instence, sendust, permalloy or iron nitride. Reference number
121 indicates an upper shield film (alsp functions as a lower
magnetic film) and is constituted of a magnmetic film such as
permalloy or iron nitride, for instance.

The read element 110 is constituted with an MR type
. wmagnetic transducer 111 according to the present inventiom
as described earlier. Because of this, the advantages and -
effects of the MR type magnetic transducer according to the
pr&sentmventmnaredirectlvobtamed

Thewntedementlzoispmmdedmththelower
magnetic film 121, which also functions as the upper shield
- fitm, an upper magnetic film 122, 2 coil film 123, a gap film
124 of, for instance, slumina, an ipsulating film 125
constituted of an organic resin such as Novolac resin, a
protective film 126 and the like, and is laminated on top of
the insulating film 102, The front end portions of the lower
magnetic film 121 and the upper magnetic film 122 constitute
pole portions Pl and P2 which facs opposite each other over
the gap film 124, which has a very small thickness and write
is performed at the pole portions Pl and P2. The yolk
structure is constituted with the lower magnetic film 121 and
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the upper magnetic film 122 being linked to each other at
. 8 back gap portion that is on the_opposite side from the pole
portions PL and P2, so as to complete a magnetic circuit.
The coil film 128 is formed on top of the insulating film 125
5  in such a mamner that the coil film 123 coils around the
linked area of the yolk structure. While in the figure, an in
-phﬁeread/wﬁtemagneticheadisahm,tbemamﬁchead
may be a vertical type read/write magnetic head, or the like.
While the invention has been particularly shown and
»  described with reference to prefrved embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and detail may be made therein without

departing from the spirit and scope of the invention.
As has been described so far, according to the present

15 invention, the followmg advantages are obtamed

(a)Amasnehctransducerandathmﬁlmmagneuchmd
that facilitate the design of the sigpal processing circuit by
expanding the width of the main output pulse of the off
trackk characteristics and, consequently, by increasing the
2 margin, are provided. | |
(b) A magnetic transducer and a thin film magnetic bead
that make it possible to set the bias to an appropriate state
without lowering the output by adjusting the sense current,

o]
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CLAIMS .

1. A ‘magnetic transducer comprising a central active
mandendpassivoareas.mnortedhyasupporﬁngbody
wherem

3 said central active area includes a magnetoresistive
film, a nonmagnetic spacer film and a coft magnetic film with
said magnetoresistive film constituting the lowermost layer on
top of said supporting body, said nonmagmetic spacer film
laminated on top of said magnetoresistive film end said soft

1 magnetic film laminated on top of said nonmagnetic spacer film
to provide a lateral hias field to said ‘magnetoresistive film,

said end passive areas are connected to the two side
surfacesofsaidcenti’alacﬁvem.

5 2. A magnetic transducer according to claim 1 wherein;

the flat surfece area of said magnetoresistive film is
greater than the flat surface area of said soft magnetic fibm.

3. A magnetic transducer according to claim 1 wherein;

said end magnetic aress each include a magnetic domain

2 MMMwhxchhaselecmwandmagnencmmmtywnh.
at least, said magnetoresistive film, '

iAnmgnehctransduneracoordmgtodumSwherein
smdmasneucdomam control film is constituted with
2 hard magpetic film. .

P 5. A magnetic transducer according to claim 3 wherein;
, said magnetic domain control film is constituted with
an antiferromagnetic film.

VIR L.l . &‘
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8. A magoetic transducer according to claim 8 wherein;
mdwﬁwﬁhwmchkmmmmpofﬁdm
- & 7. A thin film magnetic head comprising a slider and
& magnetic transducer supported by said slider wherein;
sald maguetic transducer is any one of those described
in claims 1 through 6.



