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MAGNETI C: TF%NSUJQEBM&LM MAGNETI C-HEAD TECHNI CAL FI ELD The present
invention relates to a magneti c transducer that enploys thw?’

magnet or esi stT&n(SbeeeHefs@sén a4 thin filmnagnetic head that™NYc d§s"mqq~
magneti c trans ND ART In the current trend for npact *
magneti c dISk %La thin fil mmagnetlc head that enploysta

magnet oresi stive eI e a read elemeht is known in the pri.gr.art. {.as. a__.
magneti ¢ conversion device suited for reading information St@l’"ﬁd.{-gl’:l’lr:& Ly \oﬁ,;r__'__hg |
magneti c recording medium at a high recording density, since:its out RUL-~ |

not affected by its speed rel aAGNETIC ERANSDUCGER JAND [
THIN FILM MAGNETIC HEAD

TECHNICAL FIELD

The presant invention relates to a magnetic transducer

5 that employs the magpetoresistance effect and a thin film
mmeucheadthatmdudesthismagnencmsdum

| 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 heads
in the prior art include the ome disclosed in Japamese
Unexamined Patent Publication (Kokai) No. 125311/1981. The
magnetoresistive read device disclosed in this publication is
providgdwithaeenn'alacﬁveareaanda_pairofpassive-

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

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

- nonmameﬁcspammmdon'?ﬁtutesthemiddle'l&yerand'the




Magnet i c, tram—lﬁhrn filmmagnetic heads in the prior art
include*t he onnnsdghgé;hgsgegnkp J%panese Unexam ned Patent Publication (Kokal )

No. 125311/1991 Sistive read device disclosed. .if-thigu=s= i
publ¥ cation is Hwﬂﬂwﬂ EAM a central active area and -a:paisof: \F»assﬂ\/é
areas. The cent a i ncl udes a magnet or esi sti ve fdhimGiED i
nonmagneti c spacer filmand a soft magnet?c film and tah:e—m:FmgnerTc
film provides a lateral bias field to the nagnetoresistive film These

films are formed so that the soft magnetic film constitutes the

| ower most | ayer, intagietorssistivel MDWhﬁxWW Iaberﬁmlp,ai-ayer.

and the "  of end passive areas each include a magnetic domain control

film and a lead conductive film. The magnetic control films

are laminated at the two opposing sides of the cenfral active

§ amfomingagapbetweenthem.andtheleadoonducﬁw;e
films are adhered on top of the magmetic domain caritrol 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 operstion 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 magnetoresistive

of ,the magnetoresistive film, the direction of magnetization

15 in the magnetoresistive film changes. This, in turn, 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 magnetically 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 magnetomsistive'ﬁlmremains
practically unchanged. |
= The magnetic domain control films are provided in

order to provide a longitudinal bias field to the
magnetoresistive film and. consequently, to prevent Barkhausen




2 nagneto¢e5|st|ve filmconstitutes the uppernost |ayer. The pair of end
passive areas eathhwt‘Ha&@aiﬁT etic domain control filmand a | ead

conductlve film
opposi ng si des of
t he | ead conductive

films. The soft magnetic filmincluded in3the central
a lateral bias field to the magnetoresistive film and,

ontrol films are lam nated at the two

ctive area formng a gap _between them an

d

ullns are adhered on top of the nﬁgnsgjg{

rol
es

ensures |inear operatlon when readi ng out data that have been nagnetlcally

recorded. Wen the

data on the magnetic’recor

RIS 1.9, Pit ONETE0pd, 189 b cdarif gLt

ng TTE fumis t he n'agnetore3|st|ve

filmin the directiognidlays s hafd ABhEndthe HERORRA G4 88 4/ BASIERD domain

control film.

As described earlier, with this type of xnagneﬁc
transducer, when the magnetic field generated by the
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 magmetoresistive film

ed

remaing practically unchanged. Now, taking the off track -

characteristics into consideration, since the magnetic field
mmtedbytl’mmaznetmllvreoordeddaumthemagnmc
vecording medipm duuxnses in every direction, when the
magnetic ;eads magnetically recorded information on
one track w making relative movement at high speed in
the dhecﬁon.fﬁ'ﬂﬁ!tﬂmk.‘ﬂnu' exists a point at which the
direction of the magnetic field generated by the magnetically
recorded data/on the magnetic recording medium aligns with
the magnetization direction of the magnetoresistive film, and
the output ef that point is at its minimum. This mnimum
point is . ined 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 the main output peak point. in contrast, as
the nnuauﬂic;fhnd of the lateral bias becomes reduced (the
smaller the Liss angle), it moves away from the main output
peak point. The further away the minimum point moves from




—_— |
of the rrag_net_ore5|st|ve film the direction of magnetization in the

magnet or esi st i Baﬁg acedl N1 S, i N turn, causes the resistance val ue
in the nagnetor o change i n correspondence "t o-¥He drFectF
of magneti zatio ol tage corresponding to the FeSiStaricesyaFad
i s generated. Wen the mag c field generated by the negneti BEPHYCED H
recorded data on the nagnetic recording nediumaligns with the

magneti zation direction of the magnetoresistive film however, the

direction of magnetization does.not change and, therefore, the resistance
magnet (¢ domal n-cont Fol T QUi BeATol, PHR WiB 'the “ElT fut (pélae
| ongi tudinal bias &igthl Whmgm@tmmﬂnm nearedR aaRat | v,
to prevent Barkhausen
facilitating 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., (MO-VQ) / (M1-V1). The
larger the ratio (M0-VO0) / (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 pattermed through
15 s‘uchaprbcess.convenﬁonaﬂyth_aluw’athefﬂmis,tbe
larger its surface area. With a magnetic transducer in the priar
art, since films are laminated in such a manner that the soft
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
] ofthesdtm&mﬁcﬂhnisappro:ématelvequﬂ_toﬂ:atofthe
magnetoresistive film.
Because of this, under normal conditions, in which the




3 nolse. wU. S. Pat. No. 4, 024, 1489 di scl oses an MR sensor that enpl oys a
har d rragnetlcmis&lseeo‘HaIsBean gﬂacad; a rmagnetic domain control film As

descrikbed earl
field generate
medi um al i gns w

film the dlrectlon of the magnetization

By

oes not change, ‘and. L her ef'oFe,

e nagne I zation dlregtlon of the nagdetoregg | V&

type of magnetic transducer, when_the magnetic
|caIIy recorded data on the ﬁpgneth recordrﬁg«7

N

t he resi stance val ue of the nagnetoresistive f|In1rena|ns practlca—T?L“*‘:“‘

unchanged. Now,

taking the off track
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 (MO-V0)/(M1+V1) is
large. This presents an over bias comdition, and vdmn.t@e
off track characteristics are taken into account, 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
a location that is away from the main output peﬁk point.
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.




chas act eristics into consideration, since the magnetic field generatéd by

t he magneti cal 'hi{séh d dat a on the magneti c recordi ng nmedi um di sperses
in every direct H% '@ netic transducer reads nagnetkeally..

recorded infor ack while making relative novere at.hi gh T ey
speed in the d| track, thege exists a point fat \Ahﬁe;bi_t\ha”“'“:“"
direction of the rragnet ic field generat ed by the magneti cal”
on the magnetic recordi ng nmedium aligns WI th the magnetization direction of
the magnetoresistive film and the out a 'Pﬁtgt Qi.n at its mninmm
This mnimum point is determne gé@ ion of the

Rgnetorest St e {1 1M A1 16, 18 S0P ik SRl hhinklf, $oFriife o
mai n out put peak po_iw Ma&d a thin flm magnetic bead that
facilitate the design of the sigmal processing circuit by i
s expanding the width of the main output pulse and,
consequently, by increasing the margin.
It.isah:rtherobjectofthepresgnt 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 magnetaresistive film. The end passive areas are
connected to the two side surfaces of the cemtral 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
constituted as described above.
Since the central active area includes a magnetoresistive




thg magnetic field of the bi as becones reduced (the smaller the

bi as’ angl e), |ﬂhnmwa§h§ﬁ@¥ fro the mai n output peak point. The further

away the mninu e "4 the main out put peak poi nt, 'the

w def the main dth becones, thus securing a, L@gggzgig~track

margin and facili sign of the signal processin I A “ngrjr~
l. :

TS #
magni t ude of the Iateral bias field is defernined by the rftio BEEN
product of the saturation magnetization MO and the vol une |
magnetic film to the product of the saturation nmagnetization ML and the

vol ume V1 . film, a nonmagnetic spacer film and a soft magoetic 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 _

Since the saturation magnetization MO of the soft

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,




of the rr@gnetm e., (MD.VO / (M. V1). The larger the

ratio (MO VO ms(g){getms)se the stronger the lateral bias field. | n__Lh_i___ng_ pe

of magnetic tra eedtral active area is normally forf’rﬁéﬂj,g .
hi gh accuracy p H‘M t echnol ogy whi ch enpl oys photol i trﬁogi"a
fon.mlling or t I the lanmnated filns are patternedi:
such a process, conventionally the | ower $he filmis, the | arger its
surface area. Wth a nmagnetic transducer in the prior art, since filns are

| aminated in such a manner that the soft magnetic film constitutes the

| oner nost | ayer, t HMboNID<MO VDR cisr alwdyy ¢ruet Withe this)eitvibatomesayer
and the magnetoresistive film constitutes the uppernost |ayer, as
expl ai ned earlier, thore |diffianlt ftoc provide O appropriate deteral\Riss magnetic
o fisld from the soft maguetic film to the magnetoresistive film
(underbias). When this is considered from the view point of
s the off track characteristics, it means that the point at which
the magnetic field generated by the magnetically recorded data
on the magnsetic 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
Furthermore, since an under bias state is emsured, 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 comnected to the two side

surtaw_ebtthecenmlactivem'ea,sensecurrentcanbe

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

:




.et . the sof t nagnetlc

the uppernngmsmmg

the magnetoresistive film In other words
S1. Note tha
equal” to tha toresistive film Because of this__unger
|n S0

condi ti ons,

magneti c f|In1|s apprOX|nater 1to 0. 6%inmes the saturamL
ML of the magnetoresistive film the vatio (MO VO /(M Vi) is |arge.

|s‘larger than the flat surface area Sl of
, SO >
ness of the soft magnetic filmis apprOX|nater

5 saturation magnetization N()d?

presents an over bias condition, and when the

invention includes an MR type magnetic transducer that is

- supported by a slider and is constituted with the magnetic

transducer according to the present invention. Because of this,
with the thin film .megnetic head according to the present

Thi s

invention, the.admanﬁygs.ct the MR type magnetic transducer .

according to the present invention are directly abtained.

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

. performed by the magnetic transducer; 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 a read element.

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 supporting body 4. The central active area 1 includes a




of fatrack character are taken into account, it neans that it is

diffi Cl.mltSShdat M ni mum poi nt Wnere t he di rect ion of the magnetic
field g edragnetical |y r¢corded data on the nmagnetic recordi ng
medi um di rection of tie magneti zation on thei=sw======o="
magnetore5| at a location that is away fromthe muﬂuwt$ut' 'rea‘k*ﬂ
poi nt. Thus, vmtharragnetlctransducer i the prior art, it is ®fH

to increase the off track margin by expandl ng the width of  FFE—Tarn out put
pul se. Note that, while, with a small iquantity of over bias, the bias can

be adjustedtothe W\QWMM&O&JWMMMH
result in reduced, output.
y anonnmgnehcspacerﬂlleandasoftmagneucfﬂmla
mth:hemﬁnn11]eonsnmmgthalowarmost1ayerontop_
of the supporting pody, the nonmagnetic spacer film 12
$  laminsted on top of the MR film 11 and the soft magnetic film
| 13 laminated on top of the monmagnetic spacer film 12 to
pwovide a lateral 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
10 thosemthordmaryrhllmtheﬁeldthxsﬁechnolosypermns
to. The soft magnetic film 13 is a magnetic film that hes.
htﬂeornomagnetoresistanee and may be constituted of. for
_ instance, Nz-Fe-Rtl N;-Fe—Cr may be amorphous, and ‘is
' formed to have a thickness of, for instance, 200 to 300 A.
s Thenonmgneﬁcmiacer-ﬁlmizis'consﬁmwdofa'ramm
with a thickness of, for instanca, 100 to 200 A. This
lamination structure is typical in MR type magnetic
transducers.

TheendpassrveareaszandSareeonnectedmthe

2 twosxdemrfacesoif_theeenu'alachveaml.
| Sioce the ceptral active area 1 includes the MR film
11. the nonmagneticispacer film 12 and the soft magnetic film
lSandisconstitut.edwiththeMRﬁlmll,'thenmmagnetic
spaoerﬁlleandthesottmamhcﬁlmlSlammatedso
] thatthesoftmagneflcﬁlmmpro\ndesalateralbmsﬁeldto
thehﬂtﬁlmll.tremagneﬁzaﬁox_ndirecﬁonofthemm
11 is changed the magnetic field generated by the

Lif




6 DI SCLOSURE OF THE | NVE t is an object of the present invention to

the de5| gn of essing circuit by expandi ng a _@[ _

prowdearm Qtth @ﬂgr and a thin filmmgnetic headthat faC|l|tat
further obj ect of nt |nvent|on to provide a magn

and a thin f|In1nagnet|c head that make i 8 possible to set the bias to an
appropriate state without |owering the output by adjusting the sense
current. In order to achieve the objects described above, the nagnetic

transducer accordi nomhgnétically eaciried dutat o0 '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 of the :uunnagnéﬁc spacer film 12, under normal
manufacturing conditions, in which these films are 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 film
13 is approximately equal to that of the MR film 11. Since
 the saturation ‘magnetization MD of the soft magnetic flm 13 °

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

L 13 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



copprises a central active areaand end passive areas and is suppor t

ed_n O

suppor t{ NEn{QAké: Hal Been@Rpliced| active area includes a magretst eSS TTVES EEED
a nonrragnet and a soft magnetic filmwith tRSS sGED
magnet or esi Mﬁm stituting the | owernost |ayer crn t_g_bﬁ- HE
supporting magnetic 'spacer filmlan nated omtop.of the

magnet oresi stive filmand the soft rragnel”fc filmlamnated on top of the
nonmagneti c spacer filmto provide a lateral bias field to the.

magnetoresi stive film The end passive areas are connected to the two side

surfaces of the centiglpravided; moves dweyt fiom f tHenmsipn output cpudsecpeakii ng
to the present invention conprises a slider and a nagnetic transducer
supported by the sl pdint, in rithehoff track chayracteristicsanThus.crtheswidils taft thed  as
desgrlbed abgve 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 agls represents the track direction snd
the vertical axis represents the MR output. Below the
horizontal axis, the track Dl of the magnetic recording medium
(not shown) and the read magnetic fields FO to F2, which
are thercby generated, sve illustrated. The state in which a

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

txvetothehmontaldirectxon(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
relahonshmln hich 81 > 82

First, a in which the bias is large is explained.

The magnetic [field generated by the magnetically recorded 1
' data on the magnetic recording medium disperses in every +
-] direction from track D1 and, as a result, when the

mggneﬁc-t_ransdx’her'readsthetrackm while moving along the
track direction at high speed, there is a point at an off track




Slgce the centra

theSe films | am
a lateral bias f

active area includes a nmagnetoresistive 7 film a
onrragneti c spa"desSHe«tthMRmmft magnetic film and is structured w

manner that the soft nagnetu@,ﬁqi&p 0

direction of the nagnetore5|s lve f|In1|s"bhanged by the n&
generated by the magnetically recorded data on the nagnetic recordlng

medi um which will
magnet or esi stive

in turn, change the resistance value of the

be read as changes in the

by the magnetically recorded data on the magnetic recording
medium is aligned with the direction of the latersl bias
magnetization M11. Since, at this position, almost no change
occurs in the resistance value of the MR film 11, this point
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 hias

" magnetization M1l is steep and, therefore, the lateral bias

magnetization M1l rotates in the dhacﬁap of the read magnetic
field FO. Due to the effect of the read magnetic field FO,

- the lateral bias magnetization Mi1 rotates by an angle 81 and

a large change in the resistance value of the MR film 11
occurs. The main output pulse Ll is generated in this rmmamner.

When the bias is small, the operation is basically the
same. Mowever, since the lateral bias fleld is week, and the
angle 92 of the lateral bias magnetization M21 is ‘small, the
minimum point DIP2, at which the direction of the lateral

bias magnetization MI1 and the read magnetic field F2 elign-

with each other, occurs at a position that is further away
from the pesk value VP of the main output pulse L2, compared
to the minimum point DIP1 that occurs when the bias field
is large. CamﬁmpenﬂY.‘whaq the bias field is smasll, the
main output pulse width W2 is larger than the main output
pulse width W1 obtained when the bms field is large, thersby
ensunms a large margin.
.Asexpla:nedsofar.amordingtotiwpresentinvenﬁon,

netoreS|st|ve film the nagnetlgaﬁiﬁﬁii L

i | positidiowherectlid Virectitie ofetiehispoktiy HiadoFl egentrated:an



ou put voltage. Since, in the central active area, the magnetoresistive
m const ﬂjﬁﬁe@tﬁa@ﬁeén‘k\éﬁﬁc@@ﬁ | ayer on top of the supporting body, with

the nonmagn m | am nated on top of the nagnetore§1\§§g,_lve,\1‘;|% i
and 1 he soft %M I | am nated on top of the nonmagnetl @,a-%li. tlmm
when. formn hr ough hi gh acc‘ﬁracy pattern forrd. c ;
whi ch mainly enploys photolithography and ion mlling, the flat surface

area S1 of the lowernost |ayer, i. e., the nagnetoresistive filmis |arger

than the flat surfacqhar qateddl Obiakhnafietizatioh ifYH  an- udder! biad Ojtate
magnetic film Thus, S1 > SO is satisfied. Note that the filmthickness of

t he soft rragnetld fmeghmwnermdmtqm tgs @hyesult, (the margin can
magnet oresi stive film

bemmedbyhueaamgthewidt‘hofthemamoutwtpulse.

Also, bmuse'.anunderhiasstateisanhieved. a

5  reduction in output can be preventsd even when the bies 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 domain 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 end 81, a consistent longitudinal bias field can be

provided to the MR film 11 to prevent gemeration of

Barkhaugsen noise caused by the movement of the magnetic

domain. The hard magnetic films may be, for instance. CoPtCr

%  and they are formed to' have a film thickness of

approximately 200 A.
Alternatively, the magnetic domain control films 21 and

-J




Sijnce the saturation magnetization MO of the soft magnetic filmis
appr OX k NMpHisSh¥et Had BredR Erﬁcgdl nmes the saturation magnetization-ML of the

rragnetore [err] MOis satisfied. Wth these—condtrtrors, 1
e:, ~S1 > Mmmmm (M* V1) > (MO VO is al mﬁ%ﬂﬁﬁh@ﬁ\s\ﬁ%&i“
this, it flcult to provi déesan appropriate | AEACHR as
magnetic field fromthe soft magnetic filmto the magnetoresistive f11m
(underbias). Wen this is considered fro_mthe vi ew point of the off track
Gencratod by the raonat RAY e, SRRsRANEY playMtilasobaghace’ Hims 8d,
medi um aligns with tﬁi‘atdichﬁ&“ﬂ}”using the exchange coupling generated between
| theanhferromagnehcﬁlmsandtheMRfﬂmll acmsuswnt
longxmdmalbuasﬁeldunbeprovxdedtotheMRﬁlmnﬁo_
5 prevent generation of Barkhausen noise caused by the
movement of the magnetic domain. The antiferromagnetic films
may be., for instance, Fe-Mn and they are formed to bave

a film thickness of approximately 200 X.
‘The end pessive areas 2 and 8 include lead conductive
10 films 22 and 32 respectively as well as the magnetic domain
control films 21 and 31.- The lead conductive films 22 and
szmdepositedontothemagneﬁcdomaincontrolﬁlmszl
and 31, while being provided with patterns that are overlaid
on the magpetic domain control films 21 and 81 on the
16 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
2 the magnetic domain control films 21 and 31 respectively,
 while being provided with patterns that are overlaid on the
.magneﬁcdomaincontrolﬁlmszlandﬁl.onthecenu'alacﬁve
area 1 and also outside that area. As a result, the magnetic
domain comntrol 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




of the magnetlzatlon of the magnetoresistive filmnoves away fromthe nmain

odt-put B@I%@t @ Qed This facilitates the design of ~a=sfgnal-- processfing
circuit he wi dth of the main output pul setHRdHdIe okl = wack

rrargl n. nce an under bias state is ensured, | FERERC TR !
possi bl e to set the b| as to an appropri at® state by adj usting THe SENse
current to achieve the correct bias state wi thout causing a reduction in
output. As the end passive areas are connected to the two side surfaces of

the central active aindus@pscfilms @2 @ 32 andéscl tconistitutednt with adti ve

area via the end passive areas and al so the required magnetic bias can be
appl i ed the sane ‘wajamiriated NEllmebt,s tfor Cinstence TIW ATd. passi ve area wil |

i ncl ude a.magnetic donai n}s:lgnt r40| flaLme\{-\lh;rgldhgleosel walof aar.]dtbin flm
magneﬁCheadthatmploysthemagneﬁch'ansdlmerdem’bed'
5 .aboveasa:eadelmentmdalsoemManinducﬁvetype
méneﬁctansducerasawﬁmelement.Thethinﬁ]m
magunetic head in the figure is provided with a read element
110 comstituted 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 comstituted of, for instance, AlO.
~TiC. The slider 100, is provided with an air bearing surface
15 (hereafter referred to as the ABS) 103 toward one surface
that faces opposite the magnetic disk. The type of slider in
which a rafl portion is provided an the surface facing opposite
the magnetic disk with the surface of the ril portion being
used as the ABS, and the type of slider in which the surface
% that faces opposite the magetic 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




magnetic continuity with, at | east, the magnetoresi stive film which wll
make it.,"possible to apply the sense current described above and also to
apply a magnetic bias that corresponds to the magnetic dommin control film

to the magnetoresistive film The thin fi Ij,n magneti c hgaﬂ.,;gcéq_g_r_,:qh_p% 2=,

pr esent 9 invention includes an MR typé magnetic transducgest hat,
supported by a slider and is constituted with the nagnéets sdile
according to the present invention, Because of this, with the thin film

magnetic head accor di tupnsducdre 1iiesThe 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

5 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

10 permalloy or iran 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 -
.'effectsoftheMRtypemagneﬁctransduceraceordingtothe

15 present invention are directly obtained. _
The write element 120 is provided with the lower

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

2 constituted of an orgemic resin such as Novolac resin, a
| protective film 126 and the like, and is leminated on top of
the insulating film 102, The front end portions of the lower
magnetic flm 121 and the upper magnetic film 122 constitute

pole portions Pl and P2 which facs opposite each other over

25 the gap film 124, which has a very small thickness and write
is performed at the pole portions P1 and P2. The yolk
structure is constituted with the lower magnetic film 121 and

i
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|nvent|on The advant ages of the MR type magnetic transducer according to
t he present iy skbilBEBahResliceect | y obt ai ned. BRI EF DESCRI RTI ON OF THE _
antages, features and objects:- of ‘the-presents

DRAW NGS Thes 2N
i nvention wll mm “ by those of ordinary skill in tIheT“éi?pw_JH\o u_,_a\i
referring to t WI ngs, given p'ﬂrely by way of non - Jlﬁh’fiﬂﬂ%
exanple, in which; FIG 1|IIustratesapIan vi ew of the magnetic ==
transducer accor di ng to the present invention; FIG 2 illustrates a cross

section of FIG 1 thrthghupper mégiétic Hila 22 IHeing rlilesd ttoc eaclynothier at
recording read function performed by the magnetic transducer; and FIG 4
il lustrates an enl ar geBack azap eetiopnthat i3 oni the .opposite gide from the pole
porticas PL and P2, so as to complete a magnetic circuit.
The coil film 128 is formed on top of the insulating film 125
§  in such a mamer that the coil film 128 coils around the
anedaraaoftheyolkstrucm.%ﬂeinthe_ﬁm.anin
~plane read/write magnetic head is shown, the magnetic head
may be a vertical type read/write magnetic head, or the like.
While the invention has been particularly shown and
1 described with reference to preferred embodiments thereof, it
will be understood by those skilled in the art that various
changes in form and detail may be made therein without

deperting from the spirit and scope of the tmvention.
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
track 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,



filym.magn S thﬂ ' ucer according to the
present -t n@nt lon _as a read el emen Imm ,ﬂ CARRYI NG QUT THE
t

| NVENTI ON ABuSSh platedr) Gs. 1*anel 24 tshe smagnetic transducer
according to u lgvent ion conprises a central actirve—aree—t—are—
end passive nd i s supportel by a supportingi|bOH§ SEESTHES BEEN

central active area 1 includes a 10 magnet oresi stive fi f m ( her S

referred to as the MR film 11, a nonmagnhetic spacer filmTZ and a soft
magnetic film13 with the MR film 11 coGlsAIM8 i ng the | owernost | ayer on

top 1. A ‘magnetic transducer comprising a central active
area and end passive areas, supported by a supporting body
wherein; | '

3 said central active area includes a magnetoresistive
film, a nonmagnetic spacer film and a soft 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 magmetoresistive 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 control film which has electrical and magnetic continuity with,
at least, said magnetoresistive film, | '

4. A magnetic transducer according to claim 3 wherein;
said magnetic domsin 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.

rRay A
et T



\ .
-

of ®he supportl ng body, the nonmaﬂmmm | m 12 | gitwated..on_top of
the MR fi Si,getgﬁmae‘ém Besfit nagne mgﬁ ated onf #ois ofsfhe "=
nonmaghet | 2 to prow de a Y atrer as fiefld to ﬁBPLA\&SF’EnN
11. The MR mm rred from for instance, permalloy: _
corrp05|t|o ness manuf acturing nethd and the like are known to

those with ordinary Skl|| in the field this technol ogy pertalnsto The
soft magnetic film13 is a nagnetic filmthat has little or

N Fe- Or iy b Amor phoud S dhaTAEsklY Einfdoet BbocrdBie” 8y i!e@\ F higpein:
1|_2le ?In(r:nevm tzﬁoat ?hlsg(lz-néss-rg or | mp% &&g}oﬁﬁﬁh&l’hl S Iam %a;ile%% :
structure is typi calm&é&ww% laminated on top of said magnetic
8 7. A thin film magnetic head comprising a slider and
& magnetic transducer supported by said slider wherein;:
sald magnetic transducer is any one of those described
in claims 1 through 6.
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tramsdugcers. The end pasSSive areas 2 and 3 are connected to the two side

surface W Hes Beeedpl.qactive area 1. Since the central active area 1
i ncl udes ﬁ? t he nonmagnetic spacer film 12 and the soft
magnetlc W‘ﬂs constituted with the MR film 11, [the—ro Aot
spacer film 12 an soft magnetic film 13 | am nat ed sib HHaEHERS ! ‘S\Q)f”ﬁEt:N
magnetic film 13 provides a lateral bias fi2ld to the fil m%ﬂ“ﬂfm
magneti zation direction of the MRfilm1ll is changed by the ma i
generated by the magnetically recorded data on the magnetic recording
medi um

MAGNETIC TRANSDUCER AND THIN FILM MAGNETIC HEAD

ABSTRACT

Amﬂacﬂvearea(l)mclndesanmmm(ll),amnmagmﬁcspmﬂhn
(12) and a soft magretic film (13) with the MR film (11) constituting the Jowermost
layer on top of a supporting body, the nonmagnetic spacer film (12) laminated on top of
the MR film (11) and the soft magnetic film (13) laminated on top of the nonmagnetic
spacer film (12) to provide a lateral bias ficld to the MR film (11). A magnetic
uansduoermdaminﬁlmmagmnchmdwnhwhwhthemampeakwidthintheoﬁ‘
track characteristics can be increased and, consequently, the margin can be increased in

wmrwan 3,



and The:
to which

area 1, the

supporting body with the nonmagnetic spacer film 12 | am nat

o ata are read by changing the resistance vaI ue of t
sense currents run in correspondence to !
di rection of magnetization in the MRfilm 11. Since, in thg central 3'397

“the

WEMENW@HEF—T

MR film 11 constitutes the Lowernost |ayer oni|tDgeof. t2h

—T6|6"'6T‘t
MR film 11l and the soft nagnetic film 13 | ami nated on tongf/‘éb PoR : &‘foﬂ 9
g

nonmagneti c

spacer film 12, under normal manufactur

itions,

which these filns are fornmed MAGNETIC gRRANSDEGERaANDN f or mi ng

t echnol ogy,

whi ch mai nly enpl oys photolithogra and ion mlling, the flat
surface area S1 of the | ower nOHMIN afH:M iMAg}NETi/@ MRADIm 11 is larger
than the flat surface area SO of the uppernost

TECHNICAL FIELD

The presént invention relates to a magnetic transducer
that employs the magnetoresistance effect and a thin film
magnetic head that includes this magnetic transducer.

BACKGROUND ART

In the current trend for more compact magnetic disk
drive devices, a thin film magnetic head that employs a
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.

Magnetic transducers used in thin film magnetic heads
in the prior art include '_ the one disclosed i_r; Japanese
Unexamined Patent Publication (Kokai) No. 125311/ 1991. The
magnetoresistive read device disclosed in this publication is
provided with a central active area and a pair of passive
areas. The central active area includes a magnetoresistive film,
a nonmagnetic spacer film and a soft magnetic film, and the
soft magnetic film providés a lateral bias field to the
magnetoresistive film. These films are formed so that the soft
magnetic film constitutes the lowermost layer, the

nonmagnetic spacer film constitutes the middle layer and the




Iayer irf .e., the soft magnetic film 13. Thus, S1> SO is
that the filmthickness of the soft magnetic f|Im13 s ap rer]@.t
to that of the MRfilm1ll. Since the saturation magneti zatpon i "‘f‘TeSHEET
soft magnetic film 13 is approximately 1 to 0. 6 tinmes th Qafcuraflﬁorm,qy 1997

magnetization ML of the MRfilm1l, M [EIZI‘]IVOIS SatISfled'"“:Fh-&Lé‘f’Of ............ i
(ML. V1) > (MOVO. Wth this, it becomes more difficult to provide aTr--- e
appropriate |ateral bias field fromthe soft magnetic film13 to the I\/R

film1ll. As a resuhiagrietergistive afilmhicofstibetesaghet uppbiabst deyer ATee Pair
the magnetically recorded data on the magnetic recording nmediumaligns with

the magnetization dof eetd opas¥ive hardds feathn iricluie ahidgndtic |démaim d¢oreFol
fretd film and a lead conductive film. The magnetic control films
are laminated at the two opposing sides of the central active
area forming a gap between them, and the lead conductive
films are adhered on top of the magnetic domain control films.
The soft- magnetic film included in the central active

area provides a lateral bias field to the magnetoresistive film
and, with this, it ensures linear operation when reading out
data that have been magnetically recorded. When the magnetic
fiéld generated from the magnetically recorded data on the
magnetic recording medium is applied to the magnetoresistive
film in the direction that intersects the magnetization direction
of the magnetoresistive film, the direction of magnetization
in the magnetoresis_tiwfe film changes. This, in turn, causes the
resistance value in the magnetoresistive film to change in
correspondence to the direction of magnetization and a sense
voltage correspénding to fhe resistance value is generated. .
When the magnetic field generated by the magnetically 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 fhe magnetoresistive film remains

practically unchanged.

The magnetic domain control films are provided in

order to ©provide a longitudinal bias field to the

magnetoresistive film and, consequently, to prevent Barkhausen



12 i's prévi ded, noves away fromthe main output pulse pedk_poI rrtuu_!jlﬁﬁﬁj
track characteristics. Thus, the width of the main out pum 5EFE%C‘ai"ﬁH*"3?I$é§E6Ff
track -margin can be increased. This aspect is further expl ai ned?ig way l%?7 ’
reference to FIG 3. In FIG 3, the horizontal axis reprgseffs the track: - |
direction and the vertical axis represent§ the MR out put. Bel ow the T
hori zontal axis, the track D1 of the magnetic recording nmedi um (not shown)
and the read magnetic fields FOto F2, which are thereby generated, are

illustrated. The stgbfsel NUMB.CIPa. SNoRnY (21, 489 dibclosdd alrfl MR Réedisodethiy
the soft magnetic film13 to the MRfilm11l is schematically illustrated

where "bias |arge "enployslisdifd nmdindtid Giad fMindsusalng! oz pagietdd dorhain

control film.

As described earlier, with this type of magnetic
transducer, when the magnetic field generated by the
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
remains practically unchanged. Now, taking the off track
characteristics into consideration, since the magnetic field
generated by the magnetically recorded data on the magnetic
recording medium disperses in every direction, when the
magnetic transducer reads magnetically recorded information on
one track while making relative movement at high spéed in
the direction of the track, there exists a point at which the
direction of the magnetic field generated by the magnetically
recorded data on the magnetic recording medium aligns with
the magnetization direction of the magnetoresistive film, and
the output at that point is at its minimum. This minimum
point is determined by the magnetization direction of the
magnetoresistive film and the more intense the magnetic field
of the lateral bias (the greater the bias angle), the closer
it moves toward the main output peak point. In contrast, as
the magnetic field of the lateral bias becomes reduced (the
smaller the bias angle), it moves away from the main output

peak point. The further away the minimum point moves from



biased i 1§ the direction in which it inclines at an angle [df REPLAEEMENTRHEET

to the horizontal direction (in the figure). The state in which an weak
laterat bias field is provided by the soft magnetic film 13| thata n@- &rRNAY B3
11 is schematically illustrated whére "bias small" is indicaFesd—The

| at eral bias nmagnetization M21 is biased in the direction in which it
inclines at an angle [err] 2 relative to the horizontal direction (in the
figure). The angles [err] 1 and [err] 2 have a relationship in which [err]1

> [err] 2. First, athesmdin vhtgit tpeakbipaint, s thareéddrs thephaiinedutpie pulse
magnetic field generated by the magnetically recorded data on the nagnetic
recordi ng medi um di spirithe beconmger Yhds r seiurimg f aobartdee dff atkadil maadgirasamd
result, when the magnetic transducer reads the track D1 while noving al ong
t he facilitating the design of the signal processing circuit.
The magnitude of the lateral bias field is determined
by the ratio of the product of the saturation magnetization
MO and the volume VO of the soft magnetic film, to the
product of the saturation magnetization M1 and the volume V1
of the magnetoresistive film, i.e., (M0O+V0) / (M1:V1). The
larger the ratio (M0-V0) / (M1-V1), the stronger the lateral
bias field.
| In this type of magnetic 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
such a process, conventionally the lower the film is, the
larger its surface area. With a magnetic transducer in the prior
art, since films are laminated in such a manner that the soft
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 surface
area S1 of the uppermost layer, i. e., the magnetoresistive
film. In other words, SO > Sl. Note that the film thickness
of the soft magnetic film is approximately "equal to that of the

magnetoresistive fil_in.

Because of this, under normal conditions, in which the



track di fection at hi gh speed, there is a point at an off t ‘“}
where the direction of the nagnetic field F1 generated by t Eﬁé E&F EISI* ET
recorded data on the magnetic recording nediumis aligned Emt he !,’
direction of the lateral bias magnetization M 1. Since, af - st olgT- i
al rost no change occurs in the resistance®alue of the MR film 11, thrs

poi nt becones the m ni num poi nt DI P1 which gives the m ni rum VR out put .

Wthin the track, the angle at which the read magnetic field FO crosses the

direction of the | atsatatatibas rﬂﬁﬂéﬁhéﬁbhomﬂm of ithest&se andgnétier glien eis
the | ateral bias nmagnetization 1 rotates in the direction of the read

magneti c approximately 1 to 0.6 times the saturation magnetization M1

of the magnetoresistive film, the ratio (M0+V0)/(M1-V1) is
large. This presents an over bias condition, and when the
off track characteristics are taken into account, it means that
it is difficult to set the minimum point where the direction
of the magnetic field generated by the magnetically recorded
data on the magnetic recording medium aligns with the
direction of the magnetization on the magnetoresistive film at
a location that is away from the main output peak point.
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 that, while, with a small quantity of over bias,
the bias can be adjusted ito the correét state by reducing the

sense current, this will result 1n reduced output.



fiel'd FO' Due to the effect of the read magnetic field FO the |ateral bias
magneti zati on ML1 rotates by an angle [err] 1 and a large chi
resi stance value of the MRfilm 11 occurs. The nai n out put g
generated in this manner. When the bias is6 smal |, the operat
basically the sane. However, since the |lateral bias field |sl
angle [err] 2 of the lateral bias magnetization M1 is small,
point DI P2, at which the direction of the lateral bias nagnetlzatlon ML1
and the read magnetic fiel d F2DISOPOSWRE ©RNTHENANVENTION at a position
that is further away fromthe peak value VP of the main output pulse L2,
conpared to the m ni num phi i BhPbbjécit oficthe sprsemtt iaventienf itel qbrbsride a

| arge. Consequently, when the bias field is small, the nmain output pulse
width W2 is |arger magmetibe transducarpuand a thin film magnetic head that

- facilitate the design of the signal processing circuit by
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 film magnetic head
that make it possible to set the bias to an appropriate state
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 areas and is
supported by a supporting body. The céntral‘ active; area
includes a magnetoresistive film, a nonmagnetic 'spacer film and
a soft magnetic film with the niagnetoresistive film
constituting the lowermost layer on top of the supporting
body, the nonmagnetic spacer film laminated on top of the
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
supported by the slider, in which the magnetic transducer is
constituted as described above.

Since the central active area includes a magnetoresistive



pul se wi dth WL obtai ned when the bias field is large, thereby
As expl ained so far, according to the present
bi as nagnetization is in an under bias state
prior art and, as a result, the margin cag be increased by i
wi dth of the main output pulse. Al so, becau

| ar ge margi.n.
14 the- | ateral

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
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
value of the magnetoresistive film. Consequently, the
magnetically recorded data can be read as changes in the
output voltage.
| Since, in the central active area, the magnetoresistive
film constitutes the lowermost layer on top of the supporting
body, with the nonmagnetic spacer film laminated on top of
the maghnetoresistive film and the soft magnetic film laminated
on top .of the nonmagnetic spacer film, when forming these
films through high accuracy pattern forming technology,
which mainly employs photolithography and ion milling, the
flat surface area Sl of the lowermost- layer, i. e., the
magnetoresistivé film is larger than the fléf sur_face area SO
of the uppermost layer, i.e., the soft magnetic film. Thus,
S1 > SO0 is satisfied. Note that the film thickness of the soft
magnetic film is approximately equal to that of the
magnetoresistive film. _
Since the saturation magnetization MO of the soft
magnetic film is approximately 1 to 0.6 times the saturation
magnetization M1 of the magnetoresistive film, Ml = M0 is
satisfied. With these conditions, i.e., S1 > S0 and M1 = MO,

n’x’}%?MQﬁM’-'NT SHEET 5

se an under bias state “s---__~;
achi eved, a reduction in output can be prevented even when the bias is
adjusted to a suitable state by increasing the sense currents. As the end

passi ve areas 2 andfilnpr ea cnonardgretico spaeer film and a soft magnetic film,

;' {

|



two side’surfaces of the central active area 1,.a sense current can be
applied to the central active area 1 via the end passive areas 2 and 3 and
al so tthe required magnetic bias field can be provided in thg ' >
normal structure, the end passive areas 2 .and 3 include magh eEFEAGENENT SHEET
control films 21 and 31 respectively, whi‘ch have el ectriclal an4Mﬁ§hé99%
continuity with, at least, the MRfilm1l1l, to nake it possiplR@ict.o..apphy-----

the sense current described above and al so to apply a nmagnefic bras, Wi CiT—
corresponds to the (dMheVild HofdiOrn VONtisolalalyss t2de.anWifil, this, t be Béeomésn
11. The magnetic domain control filns 21 and 31 can be constituted with
hard nmagnetic fil nmoren difficultase, ptyvidei an tappropoiadei tateral dbigenmagmatidy
t he magneti zed hard magnetic filns 21 and 31, a consistent |ongitudinal
bias field can be field from the soft magnetic film to the magnetoresistive film
(underbias). When this is considered from the view point of
the off track characteristics, it means that the point at which
the magnetic field generated by the magnetically recorded data
on the magnetic 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
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
may be possible to set the bias to an appropriate.state by
adjusting the sense current to achieve the correct bias state
without causing a reduction in output.
As the end passive areas are connected to the two side
surfaces of the central active area, sense current can be
applied to the central active aréa via the end passive areas
and also the required magnetic bias can be applied the same
way. In a normal structure, each end passive area will
include a magnetic domain control film which has electrical and
magnetic continuity with, at least, 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 domain control film to the

magnetoresistive film.

The thin film magnetic head according to the present



provided*to the MR film 11 to prevent generation of Barkhausen noi se caused
by the novenent of the magnetic domain. The hard nagnetic fltﬁ;&&},&:ge_r__f_o_r
i nstance, CoPtCr and they are forned to have a filmthicknessagfsgeps
approximately 200 A. Alternatively, the magnetic domain conqrol films 21

and 15 31 may be constituted with antlf’errorragnetlc fi

case, by using the exchange coupling generated between the

antiferromagnetic filnms and the MR film 11, a consistent
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field can be provi#ipebritfor héndlides | @nl IMPO type magnetic transducer that is

- supported by a slider and is constituted with the magnetic
transducer according to the present invention. Because of this,
with the thin film magnetib head according to the present
invention, the ad.vantages of the MR type magnetic transducer

according to the present invention are directly obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other advantag_es, features and objects of the
present invention will be understood by those of ordinary skill
iﬁ 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. 3 illustrates the magnetic recording read function’
performed by the magnetic transducer; and
FIG. 4 illustrates an enlarged cross section of a thin
film magnetic head that employs the magnetic transducer

according to the present invention as a read element.

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 supporting body 4. The central active area 1 includes a



prevent @eneration of Barkhausen noi se caused by the nmovenent of the
magneti ¢ domain. The antiferronmagnetic filns nay be, for i
and they are formed to have a filmthickness of approxinatg M!QQQ’A;':L :
32 re ‘Mu
0 Qadion t

passive areas 2 and 3 include |ead conductive filns 22 an
as well as the magnetic domain control fif%s 21 and 31. T
films 22 and 32 are deposited on to the magnetic domain c

and 31, while being provided with patterns that are overlaid on the

magneti c donai n cofidgiletbidsiBtivd Bl CHereaffdferéfeftdditoaali Hte VTR film) 11,
Because of this, sense currents can be supplied to the central active area

1 mainly through the lieatinegnetiet spacdr |filn 222aahd3% asoftonhagnetds Oilmt NS
central active area 1. _
with the MR film 11 constituting the lowermost layer on top
of the supporting body, the nonmagnetic spacer film 12
laminated on top of the MR film 11 and the soft magnetic film
13 laminated on top of the nonmagnetic spacer film 12 to
provide a lateral bias field to the MR film 11. The MR film
11 is formed from, for instance, permalloy. Its composition,
thickness, manufacturing method and the like are known to
those with ordinary skill in the field this technology pertains
fo. The soft magnetic film 13 is a magnetic film that has
little or no magnetoresistance, and may be constituted of, for
instance, Ni-Fe-Rh, Ni-Fe-Cr, may be amorphous, and is
formed to have a thickness of, for instance, 200 to 300 A.
The nonmagnetic spacer film 12 is constituted of a “Ta film
with a thickness of, for instance, 100 to 200 A. This
lamination structure is typical in MR type magnetic
transducers.
The end passive areas 2 and 3 are connected to the
two side surfaces of thé central active area 1.
Since the central active area 1 includes the MR film

11, the nonmagnetic spacer film 12 and the soft magnetic film
13 and is constituted with the MR film 11, the nonmagnetic
spacer film 12 and the soft magnetic film 13 laminated so
that the soft magnetic film 13 provides a lateral bias field to
the MR film 11, the magnetization direction of the MR film
11 is changed by the magnetic field generated by the



The T-ead ‘conductive filns 22 and 32 are adhered on to the na
control filnms 21 and 31 respectively, while being provided w
that are overlaid on the nmagnetic donmain control filns 21 an
central active area 1 and also outside that area. As a resu
filns 21 and 31 and the | edd conductive fil sl

donai n contr ol

be formed through the high accuracy pattern form ng technol ogy, whi ch
mai nl y enpl oys photolithography, ion mlling and a filmform ng process,

in one step. The | qdgenetiddily orebeptibd edatd Bn ARedMih@ioti¢ Credafdingd HhbAiuthed

with a

and the data are read by changing the resistance value of
the MR film 11 to which the sense currents run in
correspondence to changes in the direction of magnetization in
the MR film 11.
Since, in the central active area 1, the MR film 11
constitutes the -lowermost layer on top of the supporting body
with the nonmagnetic spacer film 12 laminated on top of the
MR film 11 and the soft magnetic film 13 laminated on top
of the nonmagnetic spacer  film 12, under normal
mé.nufacturing conditions, in which these films are formed
through high accuracy pattern forming technology, which
mainly employs photolithography and ion milling, the flat
surface area S1 of the lowermost layer, 1i.e., the .. MR film 11
is larger than the flat surface area SO of the wuppermost
layer, 1i.e., the soft magnetic film 13. Thus, S1> SO is
satisfied. Note that the film thickness of the soft magnetic film
13 is approximately equal to that of the MR film 11. Since

the saturation magnetization M0 of the soft magnetic film 13

is approximately 1 to 0.6 times the saturation magnetization
M1 of the MR film 11, M1=MO is satisfied. Therefore, (Ml
V1) > (M0-V0). With this, it becomes more difficult to provide
an appropriate lateral bias field from the soft magnetic film
13 to the MR film 11. As a result, the point at which the
magnetic field generated by the magnetically i'ecorded data on
the magnetic recording medium aligns with the magnetization
direction of the MR film 11, to which the lateral bias field



| am nated filmof, for instance, TiWTa. FIG 4 is an enl ar ged-Ccross

e

section of a thin film mgnetic head that enploys the magnel![i ngilgﬁé, Cer-

descri-bed above as a read el enent and al so enpl oys an i nduct/i ve fype*™+T SHEET
magnetic transducer as a wite element. The thin film magnefims:hieadsi m&e :
figure is provided with a read element 1% constituted wthL&:NRﬁr ';;;3997
magnetic transducer and a wite elenent 120 constituted with an i nductive —
type magnetic transducer, on a slider 100. The slider 100, constituted with

a ceranic body, is jor ¢b¢etbdV tioRss | Awakatfrog ftHemmin foutmet qbulser peakr
[err] on a base body which is constituted.of, for instance, [err] -TiC The

slider 100, is prqoydifledind fHe ¥ atracReehbrdrteristivse Thespather widflerofedheo
as the ABS) 103 toward one surface

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 .axis' represents the track direction and
the vertical axis represents the MR output. Below the
horizontal axis, the track D1 of the magnetic recording medium
(not shown) and the read magnetic fields FO to F2, which
are thereby generated, are illustrated. The state in which a
strong lateral bias field is provided by the soft magnetic film
13 to the MR film 11 is schematically illustrated where "bias
large" is indicated. The lateral bias magnetization MIll is
biased in the direction in which it inclines at an angle 61
relative to the horizontal direction (in the figure).
The state in ~which an weak lateral bias field is
provided by the soft magnetic film 13 to the MR film 11 is
schematically illustrated where "bias small" is indicated. The
lateral bias magnetization M21 is biased in the direction in
which it inclines at an angle 6 2 relative to. the horizontal
direction (in the figure). The angles 8 1 and & 2 have a
relationship in which 81 > 8 2.
First, a case in which the bias is large is explained.
The magnetic field generated by the magnetically recorded
data on the magnetic recording medium disperses in every
direction from the track D1 and, as a result, when the
magnetic transducer reads the track D1 while moving along the
track direction at high speed, there is a point at an off track



that" faces opposite the magnetic disk. The type of sl iHee—in—w —oh—a—F
portion is provided on the surface facing opposite thg RERIPEIHMENT SKERT t
the surface of the rail portion being used as the ABS and t tlgm @7
slider-in which the surface that faces opqé)site t he nmigneti.c. iASS ~fi at
surface without a rail portion, and al nost”™the enti r e lsmrtaceFe=ieed

the ABS, are known in the prior art and any of these nmay be used for th
slider 100. The read elenment 110 is constituted by enbeddi ng an MR type
magneti c transducer pbéitiars whérd thendirdetiom ofhtheamiagmetid tfield 7K1 Reérsrabed
nunber 112 indicates a | ead conductive filmthrough which power is supplied
to the MR type nagndtyi ¢the magnetically recorded data on the magnetic recording

medium is aligned with the direction of the lateral bias
magnetization M11. Since, at this ‘position, almost no change
occurs in the resistance value of the MR film 11, this point
becomes the minimum point DIP1 which gives the minimum
MR output. Within the track, the angle at which the read
magnetic field FO crosses the direction of the lateral bias
magnetization M1l is steep and, therefore, the lateral bias
magnetization M11 rotates in the dir&:tion of the read magnetic
field FO. Due to the effect of the read magnetic field FO,
the lateral bias magnetization M1l rotates by an 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.
When the bias is small, the operation is basically the
same. However, since the lateral bias field is weak, and the
angle 62 of the lateral bias magnetization MZ21 is small, the
minimum point DIP2; at which the direction of the lateral
bias magnetization M1l and the read - magnetic field F2 align
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
main output pulse width W2 is larger than the main output
pulse width W1 obtained when the bias field is large, thereby
ensuring a large margin.

As explained so fai', according to the present' inveﬁtion,



: nEmac: it sreet |
17 transtucer 111. The | ead conductive film 112 corresponds“?'o"rt\ﬁé Téad !
conductive filns 22 and 32 in FIGs. 1 and 2. The MR type n*ag gtic 4“;\\1997
transducer 111 and the | ead conductive filnms 112 energe at.fhe ABS 103
the slider 100 to mnim ze the spacing Io§4s. Ref erence nunber 113 i ndicates
a lower shield filmwhich is constituted wth a magnetic filmof, for

I nstance, sendust, permalloy or iron nitride. Reference nunber 121

i ndi cates- an upper shield film(also functions as a | ower magnetic film
and is constituted dhea laberedt iliasi Imagnetizationerisnlihoyawr under rbiasi dstate
for instance. The read elenent 110 is constituted with an MR type magnetic
transducer 111 accoounipagedotohtherpsiont arbhvand, oms a result, the margin can

be increased by increasing the width of the main output pulse.
Also, because an wunder bias state is achieved, a
reduction in output can be prevented even when the bias is
adjusted to a suitable state by increasing the sense currénts.
As the end passive areas 2 and 3 are connected to the
two side surfaces of the central active area 1, a sense current
can be applied to the central active area 1 via the end
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 3 include magnetic domain control
films 21 and 31 respectively, which have electrical and
magnetic continuity with, at least, the MR film 11, to make
it possible :to apply the sense current described above and also
to apply a magnetic bias, which corresponds to the magnetic
domain control films 21 and 31, to the MR f{ilm 11.
The magnetic domai_n control films 21 and 31 can be
constituted with hard magnetic films. In that case, by using
the magnetic field generated by the magnetized hard magnetic
films 21 and 31, a consistent longitudinal bias field can be
provided to the MR film 11 to prevent generation of
- Barkhausen noise caused by the movement of the magnetic
domain. The hard magnetic films may be, for instance, CoP{Cr
and they are formed to have a film thickness of
approximately 200 A.

Alternatively, the magnetic domain control films 21 and



obtained. The wite elenment 120 is provided with the Io
121, which also functions as the upper shield film an y
122, a coil film123, a gap film 124 of, ®r i nstance, 1 S =
| nsul ating film125 constituted of an organic resin such as Novol ac resin,
a protective film126 and the like, and is |lam nated on top of the
insulating film 102.31Thaar et condtitatdd owsthofantiferrenigrgeinefiings f bh, 124
and the upper magnetic film 122 constitute pole portions Pl and P2 which
face opposite eachthabecaseyembyt hesiggp the | sxdiidhgavhiaiplii@sgensreitid s etween
t hi ckness and wite is perforned at the pole portions Pl and P2. The yol k
the antiferromagnetic films and the MR film 11, a consistent

longitudinal bias field can be provided to the MR film 11 to
prevent generation of Barkhausen noise caused by the

movement of the magnetic domain. The antiferromagnetic .films
may be, for instance, Fe-Mn and they are formed to have
a film thickness of approximately 200 A.

The end passive areas 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

32 are deposited on to the magnetic domain control films 21
and 31, while being provided with pattems that are overlaid
on the magnetic domain control films 21 and 31 on the

central active area 1. Because of this, sense currents can be

supplied to the central active area 1 mainly through the lead
conductive films 22 and 32 at both sides of the central active
area 1.

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

while being provided with patterns that are overlaid on the

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 photoli_thography,

ion milling and a film forming process, in one step. The lead



structure is constituted with the lower magnetic film 121 and

upper
t hat

magnetic film 122 being |inked to each other at a back
is on the opposite side fromthe pole portions P1 and P2

conplete a magnetic circuit. The coil film123 is formed on t

insulating film125 in such a manner that ¥he coil film 123 co

t he |

read/wite magnetic head is shown,

I nked area of the yolk structure. While in the figure,
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t he magnetic head may be a verti cal

type

read/wite nmagnetic élﬁﬁﬂ;ct?&e t !Eﬂnis' ke %ﬂ' €32 hark N\@shi Wbl f 68" with a
particularly shown and

laminated film of, for instance, TiW/Ta.

FIG. 4 is an enlarged cross section of a thin film

magnetic head that employs the magnetic transducer described

above as a read _element and also employs an inductive type
magnetic transducer as a write element. The thin film
magnetic head in the figure is provided with a read element
110 constituted with an MR type magnetic transducer and a
write element 120 constituted with an inductive type magnetic
transducer, on a slider 100.
The slider 100, constituted with a ceramic body, is
provided with an insulating film 101 formed of AlLOs; or SiO.
on a base body which is constituted of, for instance, Al,Os
-TiC. The slider 100, is provided with an air bearing surface
(hereafter referred to as the ABS) 103 toward one surface
that faces opposite the magnetic disk. The type of slider in
which a rail portion is provided on the surface facing opposite
the magnetic disk Wifh the surface of the rail portion being
used as the ABS, and the type of slider 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, are known in the prior art and any of these may be
used for the slider 100.

The read element 110 is constituted by embedding an

MR type magnetic transducer 111 as a film inside an insulating
film 102. Reference number 112 indicates a lead conductive

film through which power is supplied to the MR type magnetic



described with reference to preferred enbodiments thereof, it will be

understood by those skilled in the art that various changes IO T and
detai l-may be made therein wi thout departing fromthe spirij REF&A8 &&@T&H-h'
the invention. As has been described so far, according to MZ)@F ,e?ethAY 1997
I nvention, the follow ng advantages are obt ai ned: (a) A magp &Pransducer:-

and a thin filmnmagnetic head that facilitate the design of the signal
processing circuit by expanding the width of the nmain output pulse of the

of f track character tednsducendl1tonFhguiiad eonductivey €ilsh NY12 heorresgonds ate
provi ded. (b) A magnetic transducer and a thin filmmagnetic head that nmake

it possible to set the liads coadactizepfilms 22 asidat32 vint RIGs. | dwanidn@.t lhe
out put by adjusting the sense current,
MR type magnetic transducer 111 and the lead conductive
films 112 emerge at the ABS 103 of the_ slider 100 to minimize
the spacing loss. Reference number 113 indicates a lower
shield film which is constituted_ with a magnetic film of; for
instance, sendust, permalloy or iron nitride. Reference number
121 indicates an upper shield film (also functions as a lower
magnetic. film) and is constituted of a magnetic film such as
‘permalloy or iron nitride, for instance.
The read element 110 is constituted with an MR type
magnetic transducer 111 aécording to the present invention
as described earlier. Because of this, the advantages and
effects of the MR type magnetic transducer according to the
present invention are directly obtained.

The write element 120 is provided with the lower
magnetic film 121, which also functions as the upper shield
film, an upper magnetic film 122, a coil film 123, a gap film

124 of, for instance, alumina, an insulating 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 face 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 magnetig: film 121 and



ar e ‘provided. CLAIM5 1. A magnetic transducer conprising a central
active area and end passive areas, supported by a supporting bogﬁﬁ‘g’

e e

said central active area includes a magnetoresistive film a1 f?’e!‘ﬂ'bh&’:r
spacer filmand a soft nmagnetic filmwth ésal d magnet oresi sti y 4 MAY 1997
constituting the | owernost |ayer on top of® sai d supporting bog e S,

nonmagnetic spacer filmlamnated on top of said magnetoresi st Tve film
said soft nagnetic filmlam nated on top of said nonnagnetic spacer film
the upper magnetic film 122 being linked to each other at

a 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 123 is formed on top of the insulating film 125
in such a manner that the coil film 123 coils around the
linked area of the yolk. structure. While in the figure, an in
-plane read/write magnetic head is shown, the magnetic head
may be a vertical type read/write magnetic head, or the like.
While the invention has been particularly shown and
described with reference to preferred embodiments thereof, it
vﬁll be understood by those skilled in the art that wvarious
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
invention, the folloﬁﬁg advantages are obtained:

(a) A magnetic transducer and a thin film magnetic head
that facilitate the design of th_e signal processing circuit by
expanding the width of the main output pulse of the off

track characteristics and, consequently, by increasing the
margin, are provided.

(b) A magnetic transducer and a thin film magnetic head

that make it possible to set the bias to an appropriate state
without lowering the output by adjusting the sense current,

are provided.



.

passi ve areas are conn MLSI de surfaces of sai d
area. 2. A magnetic tﬂ“gm‘gi“mm‘“ g to claim1 wherein;j
surface area of said toreststive filmis greater than ﬂ
area of said soft magnetic film 3. A magh®tic transducer af
claim1 wherein; said end magnetic areas each include a nmagnetic oormarn
control filmwhich has electrical and magnetic continuity with, at |east,
sai d magnetoresistive film 4. A magneticg Appggsducer according to claim 3
wherei n; said nmagnetic donain control filmis constituted with a hard

magnetic film 1. A magnetic transducer comprising a central active
area and .end passive areas, supported by a supporting body
wherein ;
said central active area -includes a magnetores_istive
film, a nonmagnetic épacer film and a soft magnetic film with
said magnetoresistive film constituting the lowermost layer on
top of said supporting body, said nonmagnetic spacer film
laminated on top of said magnetoresistive film and said soft
magnetic film laminated on top of said nonmagnetié spacer film
to provide a lateral bias field to said magnetoresistive film,
and
said end passive areas are connected to the two side
surfaces of said central active area. !
2. A magnetic transducer_' according to claim 1 wherein;
the flat surface area of said magnetoresistive film is
greater than the flat surface area of said soft magnetic film.
3. A magnetic transducer according to claim 1 wherein;
said end magnetic areas each include a magnetic domain
control film which has electrical and magnetic continuity with,
at least, .said magnetoresistive film.

4. A magnetic transducer according to claim 3 wherein;
said magnetic domain contrpl film is constituted with

a hard magnetic film.
5. A magnetic transducer according to claim 3 wherein;
said _ magnetic domain control film is constituted with

an antiferromagnetic film.



5.-A magnetic transdmai m 3 wher ei n; sain?f-— = i
control filmis consti “I“mm‘i\l ferromagnetic fil m: REPIACEMENT SHEET
magnet:+ c transducer ac&m M“

3 wherein; said endllpassive areas
each further include a Pead cbndlictive filmwhich is |aningt2aeon.g 4pMdy..1997

sai d magnetic domain control film 7. A tR¥n film nagneti c HeaocomprsrRg=—=
a slider and a magnetic transducer supported by said slider wherein; said
magneti c transducer is any one of those described in clains 1 through 6.

6. A magnetic transducer according to claim 3 wherein;

said end passive areas each further include a lead
conductive film which is laminated on top of said magnetic
domain control film. |

7. A thin film magnetic head comprising a slider and
a magnetic transducer supported by said slider wherein;

said magnetic transducer is any one of those described

in claims 1 through 6.
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. MAGNETIC TRANSDUCER AND THIN FILM MAGNETIC HEAD

ABSTRACT

A central active area (1) inclildes an MR film (11), a nonmagnetic spaéer film
(12) and a soft magnetic ﬁlm.(13) with the MR film (11) constituting the lowermost
layer on top of a supporting body, the nonmagnetic spacer film (12) laminated on top of
the MR film (11) and the soft magnetic film (13) laminated on top of the nonmagnetic
spacer film (12) to provide a lateral bias field to the MR film (11). A magnetic |
transducer and a thin film magnetic head with which the main peak width in the off
track characteristicsrcan be increased and, consequently, the margin can be increased in

provided.

Fig. 2.



