1 MAGNETI C TRANSDUCER ELEMENT AND THI N FI LM MAGNETI C HEAD TECJ—leFe %D
The present invention-relates to a magnetic transducer el enent C"@
fil#h magneti c head. BACKGROUND ART In the current trend for miniaturization

of magnetic disk drive devices, a thin fil mmagnetic head that enploys a
magnetic traducer el errent whi ch sin-turn}l takes advant age of the

magnet or esi stance. effect, is considered, in the prior art, to be a magnet i ¢

transducer ideally sui ted &f 5@3&‘?{3 M‘g@ﬁ. stored on a
magneti c.recordi ng nedi um AQ@W%&M I ? ' cegﬁps output is
not affected by its speed rél aty t p%@e he~di Typi cal _exanpl es
of such magnetic transducer el m B L@mﬁe ransducer el enent
that enploys an ani sotropi ¢ magnet or esi stance effect elenent constitut ed
of, for instance, permalloy. A nmagnetic transducer el enment utilizing an

ani sotropi ¢ nmagnet oresi stance eff ectTRCHIGIBAL CREEL RS two bias magnetic .
fields in order.to achi eve optlnal operation. |In other words, it requires a

transverse bias magnetic fie %‘e@@ﬂ%%n{v@g o $eliths i "aRaktie thatshiudepe
I's appli

transverse bias magnétic fiel to an external magnetic field to
be detected so.that elehferitc Hrid ad Cehiph#lge ﬁ@gﬁgﬁcbhehae magnet or esi: st ance

-effect manlfests syrmetrlcally and l'inearly with the zero fleld set
BACKGROUND "ART- '
In the current trend for mlmatunzauon of magnetlc
d1sk dnve devmes, a thm fﬂm magnetm head that employs a

magneuc transducer element whxch m tum takes advantage

" of the mag.netoreﬁstance effect 1s oons1dered in the pnor

- art to be a magnetic transduoer 1dea11y suited for readmg
mformahon that has been stored on a magnetic. recordmg
"medium at a h.lgh recordmg dens1ty, since its output xs not

affected bv. its speed r_ela.twe to the magnetic disk. Typical |
examples of such ‘'magnetic transducer elements include a :
rnagnetic transducer element that employs an - anisotropic
',magnetoresistance effect element constituted of , for instance, -
permalloy ._ _ | )

A magnetm transduoer element ut111z1ng an. amsotropzc
*magnetoresxstance effect element requires two bias magnetic
fields in order to achieve optunal operatmn In other words,

1" requu'es a transverse b1as magnetic f1e1d and a longitudinal
bias magnetic field. The transverse bias magnetic field is

~ applied to an external magnetic field to be detected so that

the resistance change caused by the magnetoresistance __effeot

manifests symmetrically and linearly with the zero field set

as the center. The means for achieving this in the prior art
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as the center. The neans for achieving this in the prior art i ncl ude the
SAL (soft adjacent |ayer) bias and the shunt bias. The SAL bias is achieved
byl am-nating an ani sotropi c magnetoresi stance effect filmand a transverse
bias filmto each other via a nagnetic separation film The transverse bias
fitmis constituted with asgft magnetic2film whi ke¥the nmagnetic separation
Yayer is constituted with a non- magnetic film The |ongi-tudinal bias
magnetic field is, provided to suppress_the Barkhausen noi se generated, when
the magnetic wal | Bckpde HdeamAlat veit cadiageret darerkthins cand e shudite pias.
nove. The nmeans for_applying.a | ongitudinal_ bias netic field include,the
exchange- coupl i ng Hiis #éth&ﬁ?smﬂ$c@cgﬁ"fqdzebyanpa HRHHRE - abuppispfropic

cf foct 111 m and THETAPHORIGRSE HHERE FIPn P ahORENGSIBROHPR: ) TR
40610/ 1937 and U, SBeBT9A 1 MREDYHR. SeprgatioR. Hifndie, Franeat cbisg: S
mgnet ¢ domai n cof 1R | RAFE o SPnirharatt o, e, YiRle aHRE melmetiton
Tagnet or esi St anceSHHAHOT | BHEE L COSRITDr AT & 08 AMATIC BN { e
surfaces of the mgneti crgomgin GORLA s mAyRbed Ut R HrORRA o

ot her.

suppress the Barkhausen noise generated when the magnetic
walls of the anisotropic magnetoresistance effect element move.
The means for applying a longi1_:udina1 bias magnetic field
include the exchange-coupling bias method, which utilizes an
exchange- coupling bet\_;veen an anti-ferromagnetic film and
the énisotropic magnetoresistance effect film, and the hard
magnet bias method.
The excha;\nge- coupling bias method is disclosed in
Japanese Unexamined Patent Publicatidn No. 40610/1987 and
U. S Pat. No. 4, 103, 315. The magnetic transducer element
— '~ disclosed in-either of these prior art publications includes a
pair of magnetic domain control films that are laminated over
a distance from each other at two sides that face opposite
‘each other across an anisotropic magnetoresistance effect film.
Lead conductor films are deposited on the surfaces of the
magnetic domain control films over a distance from each other.
The magnetic domain control films are anti- ferromagnetic
films. With such a magnetic transducer element, the exchange
~coupling generated between the anti-ferromagnetic films and

the anisotropic magnetoresistance effect film is utilized to



The magnetic domain control filnms are anti - ferromagnetic filnms. Wth such
a magnetic transducer el enent, the exchange - coupling generated between
the anti - ferromagnetic filns and the ani sotropi c magnet or esi st ance effect
filmis utilized to 3 apply a consistent |ongitudinal bias magnetic
field to the ani sotropic nmagnetoresi stande effect filmso that Barkhausen
noi se, caused by the novenent of the magnetic donain, camr be prevented. The

di stance between the anti- ferronmagnetic¢ fjl efines the, track.w dth_ when
the magnetic tran8BBBer ac| GaRsistent 3@@5“1"%11{1 ﬁ%emacg 4. %ﬁi‘it tog pipe

hard magnetic bias method is disc]osed, in Japanese,., Unexan,ned Pat.ent _
Publ i cati on No. 13B¥PIraRi§1 magnetqresistange agﬁe‘btubflpﬁatsloonn%,hain ﬁ%ﬁlﬁqs@& c
magnet or esi st ance_ef f ect fi%]gnd a transverse glﬁé filmare provided only
in the central acPPiRS afBUSeh PR HRE JUONEMENT, o e s magnedit SIomain., G%ch

PR RIENELE N R A AT T
Lpeck math cor oRPRASS AN ST e Whadl AN oIS Sebshale’
generat o0, ont Y | el Bhed bl e RgRRls BRI O s
with the exchange- COUplNé@t,biﬁﬁ hard magnetic bias method is disclosed in
Japanese. Unexamined Patent Publication No. 1256311/1991. In
this- prior art publication, an anisotropic magnetoresistance
effect film and a transverse bias film are provided or_11y in the
central -active area and a hard magnetic bias film is formed
in each of end passive areas at the two- sides of the central
active area with a lead conductor film formed on top of each
hard magnetic bias film.. The track width corresponds to the
width of the anisotropic magnetorqsistance effect film. In this
structure, a transverse bias magnetic field is generated only
in the central active area and the longitudinal bias magnetic

- < - 7 feld is generated in the end passive areas. -

One of the problems with the exchange'- coupling bias

method disclosed in Japanese Unexamined Patent Publication

No. 40610/1987 and U. S. Pat. No. 4, 103, 315 is that, since the

_ pair of magnetic domain control films are laminated at the

two sides facing opposite each other over a distance across

the anisotropic magnetoresistance effect film, the lead

_ . conductor films are each deposited on the surface of the
corre_sponding magnetic domain control film over a distance

from the other and the distance between the magnetic domain



-

met hod di scl osed i n Japanese Unexam ned Patent Publication No. 40610/ 1987
and U. S. Pat. No. 4, 103, 315 is that, since the pair of magnetic domain
control filnms are lam nated at the two sides facing opposite each ot her
over a distance across the anisotropic magnetoresistance effect film
the lead conductor films are each deposit4ed on the surface of the
correspondi ng magnetic domain control filmover a distance fromthe other
and the di stance between, the magneti c domai n 4 control filnms, defines the
track width, there $atgol if;iﬂis %}H%ﬁﬁ ﬁgehtrtaﬁk Wléfli‘v I RelSt Ba %ﬁcéﬂ gw

reduced through photolithqgraphic.technql ogy. ot her pyobl em of .t
exchange- coupl i ng BRY&h mggﬁodw r Phe he atl{@égs ican tﬁ%t r,egucgqinztglropgg
ani sotropi c magnet or esi,stance effect. filmand the SAL filmare forned under
the end passive ar&a t@}fﬁi@ﬁrﬁﬁﬁ& W’E‘H"{O@"anti - ferromagnetic fiims and

t he | ead conductor filns,, the anis opi ¢ net or esi stance.effect fil nd

the SAL film are present Aﬁﬁoﬁ)ﬁg Bﬁ&t’%ggs‘?fvg%gr sﬁg,a%?ﬁwlgﬁl%tg%n&?

part of the "magneti tragsgucin ar ea, con?litute a. source of noise.. Yet
f 4 t

anot her probl em of t RESERRRSnge@PO¥Gupl ishg ‘met ROFS s t, SPIRUTPRIC
anti - Terr omanet | ¢ fodofBrddistah "R Yiinh "ankthe* AL PHH re™ Bired 2
under the end passive areas constituted with the anti-
ferromagnetic films and the lead conductor films, the
anisotropic magnetoresistance effect film and the SAL film are
present in the end_ passive areas, which do not constitute part
of the "'magnefic transducing area, constitute a source of
noise. |
Yet another problem of the exchange- coupling bias
method is that, since the anti-ferromagnetic films are formed
only in the end passive areas, a consistent magnetic
anisotropy is mnot always applied to the anisotropic
magnetoresistance effect film in the central active area.
" =7 7" " One of the problems of the” hard magnet bias méthod
disclosed in Japanese Unexamined Patent Publication No.
125311/1991 is that, since it is necessary to form a hard
maé'net bias film at each side of a central active area formed
by laminating the anisotropic magnetoresistance effect film and
the transverse bias film, and it is also necessary to further
form a lead conductor film on top of each hard magnet bias
film, the manufacturing process becomes complex and, thus,
it is not possible to improve productivity.

Another problem of the hard magnet bias method



anisotropy is not always applied to the anisotropic
magnet or esi stance effect filmin the central active area. One of the

probl ems of the hard nmagnet bias method di scl osed in Japanese Unexam ned
Patent Publication No. 125311/1991 is that, since it is necessary to forma
hard nagnet bias film at each side of a céntral active area fornmed by

| am nating the ani sotropic nagnetoresistance effect fil m-and the transverse
bias film and it s also necessary to furt h forma, Ieﬁggconduct |Im

on top of each haldés%%tahﬂ‘% 19 | tsﬁéc f&ﬁ&?’#‘ﬂ?g c8eRrengd

conpl ex and, thus, | t LS t ossi, bl 0 [ nprove,.praqQ I vi,ty. . Anof her

probl em of the har & ﬁa&@é GHi¢ h&)m Sdé‘s Héguglﬂ&/énl sthﬁhé{irecﬂ%e
the magnetic field ge from he har etic filns

distribution in tk@ (W @’r? 10na E‘nﬁa@’@t |Rf°f"ﬁ$?f% Fithin otheied

wthin the central agti,ve rea t he ti nof magnet i atlono

ani sot r opi ¢ magnef8h ISF GHYE @??%’ct&"fel %ﬁY R %ﬁ/r}%ﬁ dﬁ%@? G?FISH %Iﬁ%

direction of magnetization,.and because .of this he digecti gn,q0f

magneti zati on w thi AR ér?ﬁ”é:ne BEELH rg%sg%qcr opleﬁ et{‘ esi &1 cteave%fe%t

fil mdoes not hav sistent 4 nclkin f |

transduci ng area %ﬁ%ﬁﬁ‘%‘%"’zxi‘%rﬁé"n rﬁ‘g‘b%’ﬁ?eapnﬁé%%:i%ﬁo&’drél?%%%g‘ﬁlsg of

D SCLOSURE CF THE ItHYEN-@hg\‘ direction of magnetization within the plane of the
anisotropic magnetoresistance effect film does not have a
consistent inclination of 45° in the magnetic transducing area

when the externally applied magnetic field is zero.

DISCLOSURE OF THE INVENTION.

It is an object of the present invention is to provide

a magnetic transducer element and a thin film magnetic head
with which an effective magnetic transducing area can be
defined at a specific value with a high degree of accuracy and,
consequently, reduction in the width of the tracks can be
- — — supported to-achieve optimal operation. ST
It is a further object of the present invention to
provide a magnetic transducer element and a thin film
magnetic head in which the end passive areas, which are not
taken into consideration as magnetic transducing area, do not

constitute a source of noise.

It is a still further object of the present invention to
provide a magnetic transducer element and a thin film
magnetic head in which a bias magnetic field is generated only

in a central active area and specific magnetic characteristics



It is an object of the present invention is to provide a magnetic
transducer elenent and a thin filmnmagnetic head with which an effective
magneti c transducing area can be defined at a specific value with a high
degree of accuracy and, consequently, reduction in the width of the tracks
can be supported to achieve optinmal oper&ion. It is a further object of
the present invention to provide a magnetic transducer-elenent- and a
thin filmmagnetic head in which the end passive areas, which are not
taken into consi defali ba iBDeseMeubent FagseRNITAl agtéve @eanot constitute a
source of noise. It is a still further_ object of the present inventjon to
provi de a magnetic trandbutserd atiefurthay abiest nof |1}bfﬂ RIgHeRt doweRyiqm, to
whi ch a bias nmagnetic field is generated only in a central ive ar and
specific magnetlc Broyidet ar masgmedic transducep celemsad e With ol hi(ab
active area. Is a still . further objecgt of_ the present vent i to
provi de a magnet i CPE'PaHEHUété’r EARBS AGNIAVEHh; @Hdodiostﬁmlaﬁ g‘iﬁ’é’i film,
can be achieved and to hj n f netlc ead t |ncI es thls
magneti c transduc@a%?eéfﬁe %Htﬁfa ’51%‘9‘?[1 Eij g’f Qﬁa&"c feé’%
I nvention to provide a gnetlc m ‘b‘%gcer gen% nd a thi fllmtma ntetlc
head that can obtain si % &Rt €Y oOPISE e present invention to
provide a magnetic transducer element and a thin film
magnetic head that can obtain similar advantages to those
obtained when an anisotropic magnetoresistance effect film is
employed, even when the central active area has another
structure for generating a magnetoresistance effect, such as a
spin valve film.
In order to achieve the objects described above, the
) magnetic transducer element according to the present invention,
includes a laminated film that generates a magnetoresistance
effect, a magnetic domain control film that exerts magnetic
domain control over the laminated _film and a 'pair of lead
‘conductor films. The laminated film and the magnétic domain
control film are laminated together to comstitute a central
active area. The lead conductor films terminate the side end
surfaces of the central active area at the two sides in the
direction running at a right angle to the direction of the
lamination of the central active area.
In the magnetic transducelj element described above, the
lead conductor films terminate the side end surfaces of the

central active area at the two sides in the direction running

at a right angle to the direction of the lamination of the



obt ai ned when an ani sotropi ¢ magnetoresi stance effect filmis enpl oyed,
even when the central active area has another structure for generating a
magnet or esi stance effect, such as a spin valve film In order to achieve

t he objects described above, the magnetic transducer el enent according to
t he present invention, includes a | am natted fil mthat generates a
magnet or esi stance effect, a magnetic donmain control film-that exerts
magneti ¢ domain control over the lamnated film and a pair of |ead
conductor filmns. Jemtrehniaviiesl frean Asid a heesulgnetths deffectiveonmagnetia m
are lam nated together to constitute a central actjve area’ The |lead |
conductor filns ttransdacing hareg de defined bwcthe ovidthe ofetine agendrel \actiirea
at the two sides in the directign running at a right angle to the direction
of the |anination 8Fea Haeaswradaingthe vdirgetign ph &F\% paignef i lead, gendyster
el ement descri bed ahove, _the | ead conductor filns_term pnate the sj,de end
surfaces of the cefilig Becavee Lldhis, wulikewdnsithes exghangeareerkingn bias
running at a right angé)e to tge di rection of '\t}%(; | am nation of the 7
central active arefetRod, ofedhet Priofe &t e iloRtdve  masnetis dyansgduging

i recti on of the BEFE BF IRadeiOiiuton SPPHIEC BetuRsuIdr 2 HEh diReree oh
the exchange- COUplaicggretl)éyasto support reduction in the width of the tracks.
Thus, optimal operation can be assured. '
. The central active area includes the laminated film that
generates a magnetoresistance effect and the magnetic domain
control film with the laminated film and the magnetic domain
control -film laminated to each other. Consequently, the bias
magnetic field applied by the magnetic domain control film
is igenerated 6nly in the central active area. Thus, unlike the
e:;cchange— coupling bias method of the prior art, no noise that

can be attributed to the structure of the end passive areas, .-

which do not constitute part of the magnetic transducing

"~ area, is g'e'riératéd":
Moreover, since the laminated film that generates the
magnetoresistance effect and the magnetic domain control film

are laminated to each other and the bias magnetic field
applied by the magnetic domain control film is generated only

in the central active area, unlike in the hard magnet bias
method of the prior art, it is possible for the maghetic domain
control film to exert consistent magnetic domain control over

the laminated film which generates the magnetoresistance

effect, to reliably impose the required magnetic characteristics



met hod of the prior art, the effective magnetic transduci ng area can be
defined at a specific value with a high degree of accuracy to support
reduction in the width of the tracks. Thus, optimal operation can be
assured. The central active area includes the lamnated filmthat generates
a magnet oresi stance effect and the magnets ¢ domain control filmwth the

| am nated fil mand the magnetic domain control filmlam nated to each

ot her. Consequently, the bias magnetic field applied by the nagnetic donain
control filmis gehertheccemiial iactivee areatral active area. Thus, unlike the
exchange-coupling bias nethod of the prior art, no noise that can be
attributed to the structlor edditiche simteptbei laminaded, fikm,cwhishn®@enerates
constitute part of the magnetic transducing area, is generated. Moreover,

si nce the | ani nat ethd imagnetaregistance effeche and ridieo meagretie domaie gondrel
the magnetic domain control filmare |amnated tqQ each other and the bias
magnetic field appfiled arg 1zwinsighetoc eachaotharodnr gher contral aetiEe apess,
only in the central active area, unlike in the hard nmagnet biag nmethod of
the prior art, it i$hposgenteak or agHiEenagHeRi ¢ S P onformed; | nﬂ%r@ugg’ert

consi stent magnetic domain control over the lam nated film which eBe at es
t he magnet or esi st Bhetolghogzaphye  f@ming \progpsses aRd theulikegw t@ﬁe pong
characteristics 8

to one and the same manufacturing process. This, in turn,
improves productivity.

. The central active area is typically formed by using an
anisotropic magnetoresistance effect film constituted of, for
instance, permalloy, 'but it may also be constituted with a
giant magnetoresistive ( hereafter referred to as GMR) effeet
film configuration, which has been attracting much interest
recehtly. A typical example of a central active area using a
GMR effect film configuration is a spin valve film
configuration. Other examples include e super-lattice GMR film
configuration and a granular GMR film configuration.
According  to “the pregent in'vention,_— the édvantagee deser_i"bedm' )
above are achieved even when another structure for generating
a magnetoresistance effect, such as a spin valve film
configuration, is adopted as well as when an anisotropic
magnetoresistance effect film configuration is employed.

The thin film magneric head according to the present
invention is provided with a magnetic transducer element
supported by a slider, which is constituted with the magnetic
transdueer element according to the present invention described

earlier. Because of this, the effects and advantages of the



in the central active area. In addition, since the lamnated film which
gener ates the magnet oresi stance effect, and the nmagnetic domai n control
filmare lam nated to each other in the central active area, the central
active area can be fornmed through photolithography, form ng processes
and the |i ke which belong to one and the gane manufacturing process. This,
in turn, inproves productivity. The central active area i-s typically forned
by using an ani sotropi c magnet oresi stance effect filmconstituted of, for

i nstance, pernmal | magretic itransducers elenserdo mstordingd toi the pmpsemt invention
magnet oresi stive (hereafter referred to as GWR) effect filmconfiguration,
whi ch has been att aset dirgctiwc presemredstinr ¢henthipn fllm ypiagnetixadngad of a
central active area using a GWR effect filmconfiguration is a spin valve
filmconfiguration. O her exanples include a super-lattice GWR film
configuration and a granular GVR filmconfiquration. According to the

“present invention, the advaBRAGEs DESKAHRIHHONLGVe THHE Bitd 2ven when

anot her structure for generating a magnetoresistance effect, such as _a spin
“valve filmconfigurationlh¢se @a%ppébe%@d«\@ntasgs,m@ﬁua% amd qhisefisc of the
magnet or esi stance effect filmconfiguration is enployed. The thin fitm,
‘magneti c head accBFeReR§ inverHdon wildnbe jyrderstopd |y pthesedes ofdinagy skill
magneti c transducer el enment supported hy a slider, which is constituted

with the magneti cii rhes @t ereferangntoathe ranngred dnawingss &iven nperelvo by

described earlier. Becguse of this, the effects an%_aﬁlvant ages of the
way of non — limitative example, in which ;

. FIG. 1 shows the magnetic transducer element according
to the ©present invention emploﬁring an  anisotropic
magnetoresistance effect film configuration;
FIG. 2 shows another embodimént of the magnetic
transducer element according to the present invention employing
: an anisotropic magnetoresistance effect film configuration;
FIG. 3 shows the magnetic transducer element according
to the present invention employing a spin valve film
configuration;
T T -7 FIG. 4 is an’ exploded perspective illustrating ~the
| structure of the magnetic transducer element shown in FIG.
3 clearly;
FIG. 5 shows another embodiment -of the magnetic
transducer element according to the present invention employing
a spin valve film configuration, and;
FIG. 6 is a cross section of a thin film magnetic head
employing one of the magnetic transducer elements according

to the present invention.



9 magnetic transducer el enent according to the present invention are
directly preserved in the thin fil mmagnetic head. BRI EF DESCRI PTI ON OF THE
DRAW NGS These and ot her advant ages, features and objects of the present

i nvention will be understood by those of ordinary skill in the art
referring to the annexed draw ngs, givenipurely by way of non - limtative
exanple, in which; FIG 1 shows the magnetic transducer el enent according
to the present invention enploying an anisotrogic nmagnet or esi st ance

effect film configurat BEST AMIGDE EQBALARBYING e i FERE INVENdTONneti ¢
transducer el enent according to the present invention enploying an

ani sot ropi ¢ nagnet or esi sRefiersings ftectFIG.| nh.cdbiei gnagnetia; tramsdweshel@nent
magneti c transducer el ement according to the present invention enploying
a spin valve fikacerstinggupatthen;prepent dinvendion ejigpludes percspérali \active
illustrating the structure of_ the magnetic transduycer elenent. shown in
FIG 3 clearly; Fargaslghdnspaliotferleadhamdustons films ndhnandc 44 aaBduckr
el enent according to the present .inyention enploying a spin valve film,
configuration, an8uPPPXting bedy 8y odheseertrah aative taied i isn PrOYHERH cWidhd

a laminated film structure comprising films 111 to 113 that
generates a magnetoresistance effect, and a magnetic domain
control film 114 which exerts magnetic domain control over
the laminated films | 111 to 113. '_I‘he laminated film structure
comprising films 111 to 113 is formed by sequentially
laminating a plurality of films 111 to 113 on top of the
supporting bbdy 3. The lower side of each of the plurality of
films 111 to 113 that are laminated covers the entire surface
of the film that supports it.
The lead conductor films 21 and 22 are provided on top
of the supporting body 3 at the two sides in direction (X)
running at a right angle to the direction 6f the lamination(Y)
of fho-central active area 1, and are in contact with the side
end surfaces of the central active area 1 to terminate the side
end surfaces of the central active "area 1.
. As described above, the lead conductor films .21 and
22 terminate the side end surfaces of the central active area
at the two sides positioned in the direction running at a right
angle to the direction of the lamination of the central active
area 1. Thus, the effective magnetic transducing area is
defined by the width W1 of the central active area 1 measured

in direction(X) of the pair of the lead conductor films 21 and



enpl oyi ng one of the magnetic transducer elenments according to the present

i nvent i on. 10 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Referring to FI G
1, .the magnetic transducer el enment according to the present invention
includes a central active area 1, a pair of |ead conductor films 21 and 22
and a supporting body 3. The central actioye area 1 is provided with a

| am nated film structure conprising filnms 111 to 113 that. generates a
magnet or esi stance effect, and a magnetic domain control film 114 which
exerts magnetic doi@&inConsequentlyer unhikel 4henexelbangée neoupling obiasy metizod
lam nated film structure conprising filnms 111 to 113 is forned by .
sequenti al |y | ani ninnithe @riguast. tiy isf pessible 1o1deline 1the effashiver maagnetic
supporting body 3. The |ower side of each of the plurality of filpms 111 to
113 that are | ani ndtr@@asdeniags arpa eht ar spstificacealpe whshf ) highatdeglppopi s
it. The |l ead conductor filns 21 and 22 are provided qn top_ of the
supporting body 32ageuraqy ttRo ssippest i redwction iientke widHR nef dthea tragls and) e
to the direction of the Jam natjon(Y) of the central active area 1, and are
in contact with th&Piimal corerafionndsstberaye assyredy active area 1 to
termnate the side end syrfaces of the_central acti e,are%_l. descri bed
above, the | ead conduct oPIDCE| eocental active area 1 includes the structure

comprising laminated films 111 to 113, which generate the
magnetoresistance effect, and the magnetic domain control film
114 with the laminated films 111 to 113 and the magnetic
domain control film 114 laminated to each other, the bias
magnetic field applied by the magnetic domain control film 114
is generated only in the“ central active area 1. Thus, unlike
in the exchange-coupling bias method of the prior art, the
end passive areas, which do not constitute part of the
magnetic transducing area, do not constitute a source of noise.
In addition, since the structure comprising laminated

films 111 to 113, which generate the magnetoresistance effect,
and the magnetic domain control filin 114 are laminated to
each other and the bias magnetic field applied by the magnetic
domain control film 114 is generated only in the central
active area 1, unlike in the hard magnetic bias method of the
known art, a consistent bias magnetic field can be applied
to the structure comprising laminated films 111 to 113, which
generates the magnetoresistance effect, by the magnetic
domain control film 114 so that the magnetic characteristics
required in the central active area 1 can be reliably provided.

Moreover, since the structure comprising laminated films



22 termnate the side end surfaces of the central active area at the two
sides positioned in the direction running at a right angle to the direction
of .the I am nation of the central active area 1. Thus, the effective
magneti c transducing area is defined by the wwdth WL of the central active
area 1 measured in direction(X) of the paer of the |ead conductor filns 21
and 22. Consequently, unlike the exchange- coupling bi-as nmethod in the
prior art, it is possible to define the effective magnetic transduci ng area
at a specific val ubllitch 1d3nithht deeparetefthec magmstoresistameer effiectivand ohe n
the width of the tracks and optinmal operation is thereby assured. Since the
central active aremagtetis gomainheostralcfilime 1ddnpre semjnased s eachi pheer111
to 113, which generate the magnetoresistance effect, and the nagnetic

domai n control fil i 1the eentrak estivaviargaed, f therscentral cactive o#icea; 1pan be
magneti c domain control film 114 | am nated to each other, the bias magnetic
field applied by tHrmegnthreughnahotaldhoesarhy| gnd) film- famping crasesses n
the central active area 1, Thus, unlike in the exchange- coupling,_bi as,

met hod of the pri8Rdathe likp srRichabelong drease aid cHeisamsa meandfacturiae
part of the magnetic transducing area, do not constitute a source of - noi se.
I n addition, sincePFPeEsst tQciMPECYSBFeAYGHvVItEni nated filns 111 to 113,

whi ch generate the magnatonesi stance of fecly and the rmonetic dopain, ..
an anisotropic magnetoresistance effect film 111 constituted of
permalloy or th;z like, a transverse bias film 112, a magnetic
separation film 113 and the magnetic domain control film 114.
The magnetic domain control film 114 is laminated to
the anisotropic magnetoresistance. efféct film 111 on the side
opposite the transverse bias film 112 and the magnetic
separationi film 113. The magnetic domain control film 114 is-
provided on top of the anisotropic magnetoresistance effect
film 111. The magnetic domain control film 114 is constituted
with an anti-ferromagnetic film. With this, the exchange-
coupfiii‘é bias metﬂod, which -- 'utiiizés an exchange_- c:)u_phng
between the magnetic domain control film 114, constituted. with
an .a.nti - ferromagnetic film , and the anisotropic
magnetoresistance effect film 111, is achieved. With the
exchange-coupling bias method, the Barkhausen noise caused
by the movement of the magnetic domain is prevented by
applying a consistent longitudinal (X direction) bias to the
anisotropic magnetoresistance effect film 111.
In the central active area 1, the entire surface of the

fransverse bias film 112 is covered by the magnetic separation



each other and the bias magnetic field applied by the nagnetic donmain
control film2114 is generated only in the central active area 1, unlike in
the hard magnetic bias nethod of the known art, a consistent bias magnetic
field can be applied to the structure conprising lamnated filns 111 to
113, which generates the magnetoresistant® effect, by the magnetic domain
control film 114 so that the magnetic characteristics required in the
central active area 1 can be reliably provided. Mreover, since the
structure conprisi figm ahifhatthe entirs surfege1oi the 1hagnehic geperatient fidm
magnet or esi stance effect and the magnetic domain control film114 are

| ami nated to each &13eis icavered dontthel anisotxapiarmagnetonesistance gffew: film
area can be forned through photolithography and film form ng processes and
the like, which beﬂbhgamg e entiret sarfegereoindhef arisotnomic pnegastoresistapesve
productivity. In the enbodinent, the central active area_ 1 includes an,

ani sot r opi ¢ magnet effest dilanchl kefis eeavered nby 1the gnagnetie «dproin qopdreloyiley
the like, a transverse bias film 112, a magnetic separation film 113 and
the magnetic domai i 1dont¥ol seeh ma1 1sfrushirenngiet MRagRekerpsistange| eferh 1814
Is lam nated to the anisqtropic magnetoresi stance effect film 111 on,the
si de opposite the8ER r 48 ﬁﬁasega| PagsLy e, Aeape clet Ap D9t conshiute | m

113. The magneti ¢ domai ontrol fjlm114 js, ]
. g par{m op e magnetic transducmg area and, thus, generation

of noise signals is suppressed. In addition, since the inagnetic
domain control film 114, constituted with the anti-
ferromagnetic film, is in contact with the anisotropic
magnetoresistance effect film 111 over the entire surface, unlike
in the hard magnet bias method of the known ért, no
distribution is generated in the direction of the magnetization

of the anisotropic magnetoresistance effect film 111.

Furthermore, the central active area 1 is constituted by
sequentially laminating. the anisotropic. magnetoresistance effect
film 111, the transverse bias film 112, the magnetic
~ separafion film 113 and"thé magnetic domain control film 114~
on the supporting body 3 in a Spécific order. This structure |
makes it possible to for_‘m the films described above through
photolithographic processes and film forming processes that
belong in one and the same manufacturing process. As a
result, unlike in the hard magnet bias method -of the prior

art, productivity is improved. |
As explained earlier, the anisotropic magnetoresistance

effect film 111 may be constituted of, for instance, bermalloy.

Its composition, thickness, manufacturing method and the like



provi ded on top of the ani sotropic magnetoresi stance effect film111. The
magnetic domain control film114 is constituted with an anti- ferromagnetic
film Wth this, the exchange- coupling bias nmethod, which utilizes an
exchange- coupling between the magnetic domain control film 114,
constituted wth an anti - ferromagnetig film and the anisotropic
magnet or esi stance effect film 111, is achieved. Wth the..exchange- coupling
bi as nmet hod, the Barkhausen noise caused by the novement of the magnetic
donmi n is prevent edrdykappinyitog thosoraridinary $killgdt irli the grtxtdi wduch othe
bias to the anisotropic nagnetoresistance effect film 111. In the central
active area 1, the present duventienof perfaing andt ergneshi withiautm saping that
covered by the magnetic separation 13 film 113, the entire surface of
the magnetic sepafeatiesialsi lother3 thanowermelloy t thatnidenenpirate a large
magnet or esi stance effect film 111 and the entire surface of the ani sotropic
magnet or esi st ance agisadcepic |magnetaresistanee dradio t Mayndihaised donsoRstdHES ol
film211l4. In such a structure, no nagnetoresistance effect is generated in
the end passive atBasanigateepigo magnetoresistance safactofilihel Bagnetic
transduci ng area and, thus, generation, of noise signals is suppressed, In
addition, since the magntbectig@syerse: bias diim i}l 1842 @@%‘FF‘FUE’%H‘ Writhouhe

anti- ferromagnetic fil [ i n contact w.th the anisot [ .
g magneTores%stance etfect, which Ps cons&gu{e?io o%, for instance,

Ni~ Fe-Rh, Ni-Fe-Cr or amorphous. The characteristics
required of the transverse bias film 112 are mainly that it
provides good soft magnetic characteristics, large resistivity and .

that it does not demonstrate any magnetoresistance effect.
Therefore, any matei'ial that provides such | characteristics may
be used.

The magnetic separation film 113 may be constituted
of, for instance, a Cu or Ta film. This laminated structure
is routinely empldyed in this type .of magnetic transducer
element.

S - - The -"mag_netic ddmgin g 'co.1~1t'ric~>=l'_' f1lm _11-'4' may“ be.' .
| constituted of NiMn, FeMn, NiO, CO .or FeO,. NiMn offers
superior anti- corrosion properties and thermal stability
characteristics to FeMn. The lead conductor films 21 and 22
are each constituted of, for instance, a Ta/W/Ta laminated

film. |
The embodiment shown in FIG. 2 differs from the
embodiment in FIG. 1 in that the anisotropic magnetoresistance
effect film 111 is laminated on top of the magnetic domain

control film 114. The magnetic domain control film 114 is



magnet or esi stance effect. film 111 over the entire surface, unlike in the
hard magnet bias nethod of the known art, no distribution is generated in
the direction of the nagnetization of the anisotropi c nagnetoresistance
effect film11l. Furthernore, the central active area 1 is constituted by
sequentially lam nating the ani sotropi c rmgnetoresi stance effect film 111,
the transverse bias film 112, the nagnetic separation film 113 and the
magnetic domain control film 114 on the supporting body 3 in a specific
order. This structaminateeeni toposkislmseo filay rhlSherbividel desa i sedach ofe

t hrough photolithographic processes and filmform ng processes that_bel ong
in one and the santherssusranting rpody o3esBreferenger doxil eithemn| thice enpbedimentdr d
magnet bi as met hod of the prior art, productivity is inproved. As .
expl ai ned earlier, shawmninsoFlopi ¢ wagrteeocazhedimend ghaven in| MIGL112 nigy
be constituted of, for instance, permalloy. Its _conposition, thickness,
manuf act uri ng net determigedndy i kee materigls weedn too comstidute dther yasigus ed
in the art to which the present invention pertains. It goes, w thout sa%/,i ng
that materials ot Hoferhanfoper istange.,  Hat HeWBhstifat Bsed fogy géhe anti-
ani sotropi ¢ magnetoresi stance ratio may be used to constitute the -

ani sot ropi ¢ magnetBreg} fdm etg‘latfﬁxl’r#ﬁtltilﬁs m%%%rff@ns}rhwmrﬂ%
112 is a nagnetic ff%llnm Y\M hout

it is necessary to form a 7y-FeMn with an fcc-
structure and, therefore, if the anisotropic -magnetoresistance
effect film 111 has an fcc-structure, the embodiment shown
in FIG. 1 is preferable.
In the present invention, the central active area 1 may
be constituted by utilizing the GM_R effect which has been
attracting much interest recently. Typical examples in which
the GMR effect is employed include a super-lattice GMR film
structure, a granular GMR film structure as well as a spin
valve film structure.
Magnetoresistive sensors that use a spin valve film
Co ' structire ~ are ~ disclosed in; ‘Jai)a:flese Uri'exammed —*i'l_jate'z-ht
Publication No. 358310/ 1992 and IEE Transactions On
Magnetics, Vol. 30, No. 6, November 1994.
FIG. 3 shows a magnetic transducer element according
to the present invention which wuses a spin valve film
structure and FIG. 4 is an expleded view provided to illustrate
the structure of the magnetic fransducer element shown in
FIG. 3 clearly. The central active area 1 includes the spin
valve film structure comprising films 121 to 124 and a

magnetic domain control film 126. Reference number 120



magnet or esi stance effect, which is constituted of, for instance, N - Fe -
Rh, Ni*- Fe - O or anorphous. The characteristics required of the
transverse bias film 112 are mainly that it provides good soft magnetic
characteristics, large resistivity and that it does not denonstrate any
magnet or esi stance effect. Therefore, anyigmaterial that provides such
characteristics nmay be used. The magnetic separation film 113 may be
constituted of, for instance, a Cu or Ta film This lam nated structure is
routi nely enpl oyethdicatesi & t hpse ofilmmagnel | referentsed unembel eri2bt .indheates a
magnetic domain control film 114 may be constituted of N M, Feln,
Ni O [err] or [eprdtectivbhfidbf.ers superior anti- corrosion properties and
thermal stability characteristics to FeWh. The | ead conductor filns 21 and
22 are each constitutedldie fspini nvabree film Tagtruttare | dsi neomstifitedh  Dire
enbodi nent shown in FIG 2 differs fromthe enbodinent in FIG 1- in that
t he ani sotropi c nsegmndially slaaminatisig ext first ferromagnetiai filmed2dn Bomon

t he magnetic domain control film 114. The nmagnetic domain control film 114
is 15 | ani nat ethagmetispfidm d28ase Jacondligromagnetie dilmy 123r prdeant ankie

supporting body 3. Preference for either the enbodi nent . :
~ferromagnetic film 124. In the structure described above, the

second ferromagnetic film 123 (pinned layer) which is in
contact with the anti-ferromagnetic film 124, is in a state in
- which it is magnetized in a specific direction.
When an external magnetic field (F) is applied, the
magnetization direction M1 of the first ferromagnetic film 121,
WhiCh_ is a free layer, rotates in correspondence to the.
intensity of the external magnetic field ( F). The
magnetoresistance ratio of the spin valve film is determined by
an angle 0 (see FIG. 4) of the magnetization direction Ml
of the first ferrorﬁagnetic fllm 121 relafive to the magnetization
direction M2 of the second ferromagnetic film 123 which
‘constitittes the pmned iaiféf‘.' The maghetoresistance -i'.":'lti()m-bf the
spin wialve film structure is at its maximum when the
magnetization direction M1 of the first ferromagnetic film 121
is reversed from the magnetization direction M2 of the second
ferromagnetic film 123 and is at its minimum when the
magnetization direction M1 matches the magnetization direction
M2. The mégnetoresistance ratio in that case varies depending
upon the choice of materials, the layer thickness and the
like.

The magnetic domain control film 126 is formed below



shown in FIG 1 or the enbodiment shown in FIG 2 is determ ned by the
materials used to constitute the various layers. For instance, if FeWnh is
used for the anti- ferromagnetic filmthat constitutes the magnetic domain
control film 114, it is necessary to form a 7- FeMnh with an fcc -
structure and, therefore, if the anisotrbpic nmagnetoresi stance effect film
111 has an fcc- structure, the enbodi nent shown in FIG 1.is preferable. In
the present invention, the central active area 1 may be constituted by
utilizing the GWR e dinstwiarcomagneticefilax t123dct Thg masgnetin slamain coatroly.
Typi cal exanples in which the GWR effect is enployed include a super- |
lattice GWR fil m sfilmctlde isa @ra_feyab}y.c;\mrmqus‘pnmmrénab iRsremagngticpi n
valve filmstructure. Magnetoresistjive sensors that use a spin valve fjlm
structure are dfibm eeestityted obNiMae toupseyidenss emghengemaynling jwith

No. 358310/ 1992 and _|EE Transact | on @) gnetics, Vol. 30, No., 8§,
Novermber 1994. FI cthe Enshsirrampsnetic tﬁHﬂsd@ggrsoeIMntarhc@é(F t Blashe
present invention which usges a . spin valve filmgstrugture and FIG. . 4 is an
expl oded vi ew pr oRa&¥tio fﬂéﬁuéﬁrﬁ?@‘? etathecdigst ?nﬂ%a%%‘é?m:m 1217

transducer el enent.shown jn FIG_ 3 clearl ..Thefﬁ% ntral _active

i ncl udes the spi 198l vEXEhanRee bidsyr & 1S si i epplies) g ? ega%ﬁr%

magnetic domain CPerrl'}(r)I(%llagInie ircr:] %"1%1% lg?f g{reﬁ%ee rplg.gnbgtric 1&c?main control film 126

is taken in direction(X), which runs at a right angle to the

direction ( Z) | of the exchange bias magnetic field appliéd to

the second ferromagnetic film 123 by the anti-ferromagnetic

film 124. In such a structure, the magnetic domain of the first

ferromagnetic film 121_ can be controlled with the exchange

bias applied by the magnetic domain control film 126 to
suppress Barkhausen noise.

While the exchange bias magnetic field applied by the

magnétic domain control film 126 .is required to have a

magnitude that is large enough to créélte a single magnetic

~~ - domain in the first ferromagnétic film 121 in, for instance,

direction ( X), if it becomes too large, the reversal of

) magnetization of the first ferromagnetic film 121 is dulled,

reducing the magnetic field sensitivity. Consequently, it is

desirable to set the exchange bias magnetic field applied by

the magnetic domain control film 126 at the minimum whereby

a single magnetic domain. can be achieved in the first

ferromagnetic film 121. -More specifically, the exchange bias

magnetic field applied by the anti-ferromagnetic film 124 to

the second ferromagnetic film 123 is set to be at least three



16 indicates a base filmand reference nunber 125 indicates a protective
film The spin valve filmstructure is constituted by sequentially
lam nating a first ferromagnetic film 121, a non- magnetic film 122, a

second ferromagnetic film 123 and an anti -ferromagnetic film124. In the

structure descri bed above, the second feaBomagnetic film 123 (pinned | ayer)

which is in contact with the anti-ferromagnetic film124,..is in a state in

which it is magnetized in a specific direction. Wien an external magnetic

field (F) is applittes lgreatgmdhianatthen esichenge obiadl wagnkticf iffedd applied
ferromagnetic film 121, which is a free layer, rotates in correspondence

the intensity

oby tthe meageetial domgiret icontrolel dilm F)126 the the first

magnet oresi stance ratio of the spin valve filmis determ ned by an angle
[err] (see FIG 4ersemagactiggddm zb21.on direction M. of the first
ferromagnetic film 121 relative to the magnetization direction M2 of the

second ferronagnetic fi Witho3dhghiembedimantt ghewn hin pFHagd Baped 4phdoo,

magnet oresi stance ratio_ of the spin valve film structure_is at_its

maxi num when

t
t heaEdeys diles epnstiuting Nheo s e valves dilns r HiadRedisd

film 121 is reversed fromthe nagnetization direc%ion-!}éé of the second

ferromagnetic fil mPRd3 thed magnetic; domainmpantkel, ke

e$8% aPpoformed

to

direction ML mat ches the etization direction . The mmagnet or esi st ance
ratio in that cas‘&"’@@?ﬁ’g&éh&ﬁ%’@ rPrtoﬁ%s%ﬁoiggmo OIFRIng | RIIOSTS385e alGy er

t hi ckness and t he

the like, belonging in one manufacturing process.

In addition, the lead conductor films 21 and 22 are.

provided on top of_ the supporting body 3 at the two sides of

the central active area 1 constituted with the spin valve film
structure in direction(X) running at a right angle _to direction
(Y) of the lamination of the central active area 1, and each
lead conductor film comes in contact with & side end surface
of the central active area 1 to terminate the side end surface
of the central active area 1.. ’fhe effective magnetic

transducing area is determined by the width of the central

: ‘%ctiir_'e area 1 rﬁeasu?ed’ along the direction of the pair of lead

conductor films 21 and 22. Because of this, the effective
mgnetic transducing area can be defined at a specific value
with a high degree of accuracy to facilitate reduction in the
width of the tracks and thus, optimal operation is assured.
In the central active area 1, the films 121 to 124
constituting the spin wvalve film structure, each cover the entire
surface of the film that is provided under to support it.
Because of this, no magnetoresistance effect is generated in the

end passive areas, which do not constitute part of the



i ke. The magnetic domain control film126 is forned bel ow 17 the first
ferromagnetic film 121. The magnetic domain control film 126 is,
preferably, formed froman anti - ferromagnetic filmconstituted of N M,
to provi de an exchange- coupling with the first ferromagnetic film 121 so
that an exchange bias magnetic field is applied to the first ferromagnetic
film 121. The exchange bias magnetic field applied to the first
ferromagnetic film 121 by the nmagnetic domain control film126 is taken in
direction (X), whimdgnetic 4sramsduaing aanghe amd i hdhusi egengration oof t mwise
exchange bias magnetic field applied to the second ferromagnetic film 123
by the anti- ferreignpletis suppnessed. | n such a structure, the magnetic
domain of the first ferromagnetic film 121 can be_controlled with the
exchange bi as applied byFeridhermare; i theloeantiak aative argaml xan obe

Bar khausen noi se. ‘Wil e the exchange bias_nagnetic field applied by the
magnetic domai n c&¥t seauentiaily olaminatingithey lﬂl@shimz 2% nPPHﬁ‘ét‘i%Hg the

il 120 (n for PRURaElYS dPFECHSBRCUIR) At the pusgRetc; domhai el
et sal ol e e o e o U5 SRR S 4 U Aol
Because of this, the spin valve film structure constituting
films 121 to 124 and the magnetic domain control film 126 can
be formed through phot_olithographic processes, film forming
processes and the like belonging in one and the same

manufacturing process to improve productivity. |

M;)reover, the embodimeht shown in FIGS. 3 and 4
discloses a notable combination in which the anti-~ferromagnetic
film 124 is constituted of FeMn and the magnetic domain
control film 126 is formed with an anti- ferromagnetic film
‘constituted of NiMn. As explained earlier, the direction of the
exchange bias magnetic fiéld of the anti-ferromagnetic film

" - 124 and the diréetion’ of thé exchange bias magnetic fisld of -
the magnetic domain control. film 126 constituted with an anti
-ferromagnetic film must extend at right angles to each other.
When the anti-ferromagnetic film 124 is constituted of FeMn
and the magnetic domain control film 126 is formed with an
anti-ferromagnetic film constituted of NiMmn, it is possible to
change only the direction of the exchange bias magnetic field
of the anti-ferromagnetic film 124 coﬁstituted of FeMn by

controlling the temperature of the annealing process in the

magnetic field and the number of times such process is



desirabl e to set the exchange bias magnetic field applied by the magnetic
donmai n“control film 126 at the m ni num whereby a single nagnetic domain

cap be achieved in the first ferromagnetic film 121. -Mre specifically,
t he exchange bias magnetic field applied by the anti- ferromagnetic film
124 to the second ferromagnetic film 12320s set to be at |east three 18
times greater than the exchange bias magnetic field appli-ed by the magnetic
dormain control film126 to the first ferromagnetic film121. Wth the
embodi ment shown perfermed soathkts theoexchange hingumagnetic dighdt of thengnthe
spin valve filnms 121 to 124 and the magnetic domain control film 126 can be
forned through phoferpmasnetishifilngr bé4sand, the | exchange dipsomragnatiafdeldhe

| i ke, bel onging in one manufacturing process._ In addition, the |ead
conductor filns 210&nkhemagaetie odomadn oporigpl ofilmhd26upporiiedg bodgxtensk
the two sides of the central active area 1 constituted with the spin valve
filmstructure in af raghtoapgies: taneaeh othery| é’htﬂﬁﬁgn@m@rﬁli the t¢xshange of
the | am nation of fhe central agtive_ area 1,,and each |ead_con tor _film
comes in contact wPias Magnetiedield,pf fhe anti @rra@ﬂaslawﬁoﬁlfme?ﬁie%\nq the
termnate the side end surface of the, ceptral a&ﬁive area, 1. The, effective

magneti c transduci RECRRRSE | Riag.magRetis Bgld f what magnetic damgin, control

film 126 can be made to extend at right angles to each other
reliably and easily. .

FIG. 5 shows another embodiment of a magnetic

tx_'ansducer element according to the present invention that

employs a spin valve film structure. In the figure, the same

reference numbers as those used in FIGS. 3 and 4 are used

to indicate identical components. This - embodiment s

characterized in that the order of lamination of the layers

constituting the spin valve film 121 to 124 is reversed from

that in the embodiment shown in FIGS. 3 and 4, to provide

the magnetic domain control film 126 on top of the first

< - 77 7 ferromgnetic film 121: - "

- The magnetic transducer elements described above may

be produced easily by persons skilled in the art. A specific

example is given below. First, a manufacturing method for

the magnetic transducer element shown in FIG. 1, vs_rhich

satisfies a prerequisite for app_lication to a .thin film magnetic

head, is described. On top of an insulating film of ALQ,, SiO.

or the like, which is formed on top of a base body

constituted of Al:Os - TiC or the like constituting the slider,

170 A of NiFeRh constituting the transverse bias film (SAL)



active area 1 neasured along the direction of the pair of |ead conductor
films 21 and 22. Because of this, the effective nmagnetic transducing area
can be defined at a specific value with a high degree of accuracy to
facilitate reduction in the width of the tracks and thus, optinmal operation
Is assured. In the central active area 121the filns 121 to 124 constituting
the spin valve filmstructure, each cover the entire surface of the film
that is provided under to support it. Because of this, no nagnetoresistance
effect is generatedilih 1heé. ehd0 fasafi vEa areastitufingh the merceliat seRAtAtN t
of the 19 magnetic transducing,area and, thus, generation of nqQise .
signals i s suppredd®y, kiﬁthegﬁgréy t9He Pra@oﬁég¢95“%§edj¥’céﬁnﬁguFEF%ed

by sequentially lam nating the fil 121.to0 4 constifuting the in val ve
filmstructure analawh%wtar&edoeﬁw Soke - S 1 p M qqs&t&'ﬁﬁf% the

ti body 3 i i fi : f thi h i I fil
supporting body in, a specific ,orgﬁrpmﬁgﬁause ? this,. the spin_valve film

structure constit g@othgferromaenstic d arke Iaminated: seamentialliht r ol
film 126 can be fornmed through photolithographi rocesses, fil orm
processes and the |ike P%ﬁgi?@eﬁ" nCAHENGNE Eﬁtﬁ]‘@% Tl R 4 Ao Ss
to i nprove produc&i Vity. r.eo,ﬁiar, e enbodi ment fShOV\@ I n,.Fl GS. andf4
di scl oses a not abirgT@ ¢ ohtrn MAr cA fiRskaisi IPERpd Ha #cPattern for

achieving the central active area 1, which approximately
corresponds to the track width. Then the unmasked areas aré
removed through a method such as ion milling. At this time,
the incident an_gle of a beam is controlled by inclining the
substrate and the laminated films as appropriate relative to the
incident beam and the- unmasked areas are removed while
rotating the substrate. With this, curved or linear tapers are
formed at the two end portions of the laminated films.
Next, W ( tungusten) is fo.fmed to achieve a film
thickness of 1000 A to constitute the lead conductor films 21
and 22. Then, the resist and the lead conductor films on the
~ fesist are removed through a lift-off ﬂpfocéss. - -
The magﬁetic transducér element shown in FIG. 2, too,
can be manufactured through a similar .manufacturin.g method.
However, the actual manufacturing process differs from the
production of the magnetic transducer element shown in FIG.
1 in that the order in which the films constituting the central
active area 1 are laminated is different and that a baée film
. 115 constituted of Ta with a film thickness of, for instance,
50 A is provided at the lowermost layer.

NiMn, which is used as a material to constitute the



film124 is constituted of FeMh and the magnetic domain! control film 126
is formed with an anti- ferromagnetic filmconstituted of NiMi. As

expl ained earlier, the direction of the exchange bias nmagnetic field of the
anti- ferromagnetic film 124 and the direction of the exchange bias
magnetic field of the magnetic domain com2rol. film 126 constituted with an
anti -ferromagnetic filmmnust extend at right angles to each other. Wen
the anti-ferromagnetic film 124 is constituted of FeMh and the magnetic
domai n control fi lanti2efersomegmeticni filman ik i iner themgemabpdimentn above,
constituted of NiMh, it is possible to change only the directjon of the,
exchange bi as nmagsiemensgtrates snti-derromagnatisoptigrcannealing, ipp magnetic
constituted of FeMh_hy caontrolling the tenperature of éﬁe anneal i ng progess
in the magnetic fidield. addis nmatengbralsp changes s grebange; bias magnetic

perfornmed so that the exchange, bias magnetic field of the anti, - )
ferromagnetic film fL@kfarSJf}Re R c Hapfefe tﬁi’ﬁs aRpealing temperturge Waghbei ¢

domain control film 126 .are. gade t.o extend at right ang{.es t o each ot her,.
In this manner, tﬁﬁaﬂﬁ'ﬂﬁng’c@ i 38 etHEMPLE| §* o PIPREIRR: CH ?’Sr'onlg’gn B¢

{11 m 124 and e CLenaRicet) o5, TRanStL fufk ol oLl DS, BOREL o, SRR B, e
refiably and easily, Fte s "end OH" n2iBS! R Sinduie"%cfes such
annealing process is performed, the exchange bias magnetic
field is set at approximately 25(QOe).

Now the manufacturing method for the magnetic

transducer element shown in FIGS. 3 and 4 are described.
After forming a bﬁse layer 120 of Ta at a film thickness of
50 A the anti-ferromagnetic film 126 is formed with NiMn
at a film thickness of 100 A. Then, on top of the anti-
ferromagnetic film 126, the first ferromagnetic film 121 is
formed of NiFe to at a thickness of 1.00 A, the non magnetic
film 122 is formed of Cu at a thickness of 254, a second
- - ferromagnetic film 123 is formed of Co at a thickness of
. 30 A and. the anti-ferromagnetic film 124 .is formed of FeMn

at a film thickness of 120A. Finally, the protective film 125

is deposited. After this, by performing a process similar to

that through which the magnetic transducer element in FIG.

1 is obtained, the magnetic transducer elemént with a spin

valve film structure, shown in FIGS. 3 and 4, is obtained.

The magnetic transducer element shown in FIG. 5 can

be manufactured by changing the order of lamination to

achieve the spin wvalve film structure.



transducer el enent according to the present invention that ‘enpl-oys a spin
valve filmstructure. 1In the figure, the same reference nunbers as those
used in FIGS. 3 and 4 are used to indicate identical conmponents. This
enbodi ment is characterized in that the order of |amnation of the |ayers
constituting the spin valve film121 to 124 is reversed fromthat in the
enbodi nent shown in FIGS. 3 and 4, to provide the magnetic donmain control
film 126 on top of the first ferromagnetic film 121. The magnetic
transducer el enents descFhéedpibowalneay fibnprsttucatrecai | they qgmbedimsents
skilled in the art. A specific exanple is given below First, a )
manuf act uri ng met fboawhorint HEIGRgn2t te 5r ablsdlemonsiratena shagmetioresisGangg
which satisfies a prerequisite for application to a thin filmmagnetic
head, is descri betationof @prsbximatelyuBabkngqdhi¢ving apeoutput aperaximately
which is fornmed on top of a base body constituted of [err] - TiC or the
li ke constituting 2n® dimgsr thatyowhesr ani pasetsenia imagnatprenistange seidegle
bias film (SAL) .21 film112, 100 A of Ta constjtuting the nmagnetic,
separation film fim isysgnployxed. Npinse thasdixeptiony of hthe aaxchangp; bias
magnet or esi stance effect film 111 and N IVh_constitutjng.the ti-
ferromagnetic fil maﬂnﬁ,tlcarféeldarﬁﬁnat?’@d aggqnfﬁmma@pe%%ﬂl,maﬂ%ar cepstitutedy
hot oresi st on top,o0 e anti -
P gf {i‘erPn ané the direction of the exchange bias field of the
anti-ferromagnetic film 126 constituted of NiMn must extend
at- right angles to each other, annealing process is first
p_erformed at 250° C while applying a magnetic field of 1k
(Oe) in the direction of the exchafige bias magnetic field of
the anti-ferromagnetic film 126 constituted of NiMn and then
annealing process is performed at 160° C in the magnetic
field so that only the direction of the exchange bias magnetic
field of the anti-ferromagnetic film 124 constituted of FeMn
is changed.

FIG. 6 shows an enlarged cross section of a thin film
magrietic head which "e_inp"lo&_s one of the magnetic transducer
elements described above for a read element and employs an
inductive magnetic transducer element for a write element.

The thin film magnetic head in the figure is provided with a
read element 410 constituted with a magnetic transducer
element which utilizes a magnetoresistance effect and a write
element 420 constituted with an inductive type magnetic

transducer element, on a slider 400.
The slider 400 is constituted with a ceramic structure

and is provided with an insulating film 401 constituted of



ferromagnetic film 114, a mask is formed with a pattern for achieving the
central active area 1, which approximately corresponds to the track wi dth.
Then the unmasked areas are renoved through a nethod such as ion milling.
At this tine, the incident angle of a beamis controlled by inclining the
substrate and the lamnated filnms as apprppriate relative to the incident
beam and the- unnasked areas are renoved while rotating the substrate. Wth
this, curved or linear tapers are forned at the two _end portions of the

|l ami nated filns. NeAd;Osw Bi®ueguthenike som otoredft @ @@ﬁeeg@dﬁ conshitutiedk o8ss

of 1000 A to constitute the |ead conductor films 21 and 22. Then, the
resist and the | ead\kOnducki6r ari ithe biket hdheeslisier 2400, isnRrayided owath san

lift-off process. The magnetic transducer elenent shown in FIG 2, too, can
be manuf act ured t hiédtigbearing nswzfacem fdeseafter igfomedodo #BvasyehBSY nd03conal
manuf acturing process djffers fromthe production of, fhe ghetic .
transducer el enent tBRofkle Aaging oppositehar magnedicidliskn Fhecslider 400 may
constituting the centr active area }{% are lamnated.is different_and that
a base film 115 corR® iQutt®§ dVPeaini the aPFiormarhi cW, sy proyided,swatR 2

o comstitute the rail BETERE OB (10 SRR (HBCIH B SAFOEHE GifbodTHENta®
above, - surface of the rail portion constituting the ABS or of the
type, al_so in the prior art, in which the surface facing
opposite' the magnetic disk is a flat surface With no rail
portion so _that almost the entire surface constitutes the ABS.

~The read element 410 is embedded in layers inside the
.insulating film 402. The read element 410 is constituted with

one of the magnetic transducer elements according to the

i present invention described earlier. Thus, the effects and
advantages of the MR type magnetic transducer elements
according to the present invention are undiminished. Reference
numbér 413 indicates a lower shield film which may be
IR dohstitﬁtéd with a magnetic film such as :wﬁermal'loy. B
The write element 420, which includes a lower magnetic

film 421, an upper magnetic film 422, a coil film 423, a gap
film 424, constituted of alumina or the like, an insulating
film 425, constituted of an organic resin such as novolak resin
or the like, a protective film 426 and the like laminated on
top of the insulating film 402. The front ends of the lower
magnetic film 421 and the upper magnetic film 422 constitute

pole tips P1 and P2 which face opposite each other across

the gap film 424 with a very small thickness and write is



denonstrates anti-ferromagnetismafter annealing in a magnetic field. This
mat er.i &l al so changes its exchange bias magnetic field depending upon the
anpeal ing tenperature in the magnetic field and the nunber of annealing
cycles. In this enbodi nent, by controlling the annealing tenperature in the
magnetic field and the nunber of annealimnpcycles such annealing process is
performed, the exchange bias magnetic field is set at approxinmately 25
(Ce). Now the manufacturing nethod for the magnetic transducer el ement

shown in FIGS. 3 merformed atethe inad. tinst Bl amlni’ag I heebpely egan 2powioma
at. a filmthickness of 50 A the anti- ferromagnetic film 126 is formed with
Ni M at a filmthi erpetisutad tgdhathehgalk wontign ot tthe dewer magneticyddm
film126, the first ferromagnetic film121 is formed of NiFe to at a
t hi ckness of 100 A44lheandn thegriapper fmagnebie Blmordfey wihich awrea on the
t hi ckness of 25 A, a second ferromagnetic film 123 is. for f )
t hi ckness of 30A QP@OE;H@ aide - #@?‘Porﬁ?@ne?‘?lé fl?ql‘ﬁqonfz4l§lsa£g€§ ofﬁgﬁp I‘M’Fﬁét
a filmthickness of 1 nal |l y, rotective film.125 deposi t
Ater Thi's: by peCPBIAPHS She, BEERSHS el d 4P BB s RO
magneti c transducer_el e Fl i.ned, the magneti t sd
elenent with a spif° Papgeﬁ'ﬁ Ilﬂ?@@%ﬁﬁ Lﬁ Vit Shck) gsm %h a{s%
obt ai ned. The nagnetic.t sdycer el enent i Fl
Tanaf act ured by ch@iGERY CHE. DRREE BoA df 1A ) ALY osciarby SVRHE §’a?nf15&ree
filmstructure. shows a magnetic head for in-plane read/write, the magnetic
head may be used for vertical magnetic read/write and the
~ like. |
As has been explained, according to the present
invention, the following advantages can be achieved.
(a) An effective magnetic transducing area can be
defined at a specific value with a high degree of accuracy and,
consequently, a reduction in the width of the tracks can be
supported so that a -magnetic transducer element and a thin

film magnet1c head that can assure an opt1ma1 operat1on are

— - T "~ provided.
; | (b) A magnetic transducer element and a thin film
magnetic head in which the end passive areas, which do not
cdnstitute part of the magnetic transducing area, do not
constitute a source of noise are provided.
(c) A magnetic transduéer element and a thin film
magnetic head in which specific magnetic characteristics can be
imposed upon the ceﬁtral active area are provided.
(d) A magnetic transducer element which assures outstanding

productivity and a thin film magnetic head that includes this



23 The spin valve filmstructure in the enbodi nrents showmn in FIGS. 3 to 5
al | denonstrate a magnetoresistance ratio of approximately 3. 5% achi eving
ansout put approximately 2. 5 times that when an ani sotropic

‘magnet oresi stance effect filmis enployed. Since the direction of the
~exchange bias magnetic field of the anti2eferromagnetic film 124
constituted of Felh and the direction of the exchange bias field of the
anti-ferromagnetic film 126 constituted of N My nust  extend at right

angl es to each ot h&pagngfie atnangdpecet celements aret PpeYIdedned at 250[ err]

whil e applying a magneti¢ field of Ik (Ce) in the direction of the_ exchange
bi.as magnetic field of the) ad i magaetisndgansduces | elementc and i authin of1llg v
and then annealing process is perforned_at 160[er, in the magnetic fjeld
so that only the #4808t hya héI‘@T(ct%mj@’%i SR e BAYVaItages oftoy héhﬁ‘\ﬁﬁi -
ferromagnetic fil m%24 consﬂituted of FeM, is changed.. FIG G%hows, n .
enl arged cross se@Ehisyeds vEhem; ans AnisotEgRic TRARBSIPTRAIStANESPISeSt oﬁ](a%nofs
the magnetic transdlicer el ement s, descyi bed above f.or a read gl enent d
enpl oys an i nduct FRPITNERCEVED: rEACuLERe CPBffen: arbve, iRt adaRifeRpo

thin fil mmagnetic i n thegfigure i S. rovi'cfed with a read el errer%t- 410

head
constituted with gtITJ‘H%HE ic nsditer S8H&nmert® Whi c ﬂlﬁli | i%es generate 4
.magnet or esi st ancegﬁé‘x-‘f%torgﬁgt&c\g 'etffec%l, eQFQth%%ngg,nSt' tuted with an

i nductive type ma




transducer elenent, on a slider 400. The slider 400 is constituted with a
cer am ¢ structure and is provided with an insulating film 401 constituted
~of, 24 [err] or the like on top of a base body constituted of [err]- TiC
or the like. The slider 400 is provided with an air beafy 1

(hereafter referred to as an ABS) 403 on2the side faci aﬁmmHm'“ﬂﬁm”““
magneti c di sk. The slider 400 may be of the type in the pricor tar#, ®hith is
provided with a rail portion on the surface _facing the nagnetic disk with
the surface of the rail portion constituelAdMhe ABS or of the type, also
in the prior art, in which the surface facing opposite the magnetic disk is
a flat surface with no rki A pEagnshics drapsduesrmplement antlizipes gnpgneto -
‘constitutes the ABS., The re EF el enent, 410 i s enbedded in |ayers inside the
i nsul ating film 4BeSIStARCe, @2 Chi eFRIRPTSIREF s constituted with one of the
magneti c transducer elenentsg accordjng,.othe xﬁ{ﬁsent i,.avention deicri bed
earlier. Thus, the effedts aAd3y ta&i’éﬂ of SEHICtHEE  y gnBgherates a

transducer el enents accordi.ng to t resent invention.are undi,mnhi shed.
Ref o1 ence nunber FRENGIATCSIPRNCe (ebtast: &n TRAGRPHE nEQRIAR (OPHER Ciid: Faat ed

i eti ' . .0Y ¢ i t. | whi_ch
ol udes & | over FRBNEN § PraswRaghetf” HshLr e, Fofiiqted, Fm oSubbrure
423, a gap

and a pair of lead conductor films, wherein:
said laminated film structure and said magnetic dorﬁain
control film are laminated to one another to constitute a
central active area, and;
said lead conductor films each terminate a side end
‘surface of said central active area at either side in a direction
running at a right angle to a direction of lamination of said
i central active area.
2. A magnetic transducer element according. to claim 1,
wherein :
said laminated film structure 1is constituted by
© -7 "7 laminating an anisotropic’ magneforesisiance effect film T a
| transverse bias film and a magnetic separation film;
éaid anisdtropic magnetoresistance effect film and said
transverse bias film are laminated together via said magnetic
separation film, and;
said magnetic domain control film is laminated with
said anisotropic magnetoresistance effect film at a side opposite
from where said ftransverse bias film and said magnetic
separation film are provided.

3. A magnetic transducer element according to claim



film 424, constituted of alumina or the like, an insulating film 425,
constituted of an organic resin such as novolak resin or the like, a

~protective film426 and the |ike |am nated on top of the insulating film

{1 Im 425 conct i tute pole tips 1 and P2 aai cn face opposs INMEMPMIFITIIN

~across the gap film424 with a very small thickness and writ%e i's * 25 *

performed at the gol e tips P1L and P2. In the back gap portion constituted
with the yol k por2i owhsteithie | ower magnetic film 421 and the upper nmgnetic
film422 which are on the opposite, side fromthe Po*. pQrtions, P%l and P2,
the link conpletes the maihemagnatic domany,econsirpl fiifm, 15 3pravidsfon JoR op
of the insulating filma425_.in such a manner that it goil Sy round the |inked
area of the yol k gbr$aign anjgetrepia,MAgHEIresisharce ?1@ '™ head for

I n-plane read/wite, the magnetic head, may be used for, vertigal nef i.
read/ wite and the |ikéet Ag Faagneldent CRE g Slempery o?‘??é)rfqglg ggpaﬂ@ht

~invention, the fobl owi.ng advant ages can be achieved. (a) An effective
' ngwah‘fg

magneti c transduc &Mt'an be defined at a specific value with a high
(racks can be support ed SR RRERE o ABRIAR: Fantil it e iOuied Enter
said ariisotropic magnetoresistance effect film.
5. A magnetic transducer element according to claim
2,. wherein:
said magnetic domain control film is an anti-
ferromagnetic film and applies an exchange bias magnetic field
to said aﬁisotropic magnetoresistance effect film through an
exchange - coupling ge‘ner_ated between said magnetic domain
control film and said anisotropic magnetoresistance effect film.
6. A magnetic transducer element according to claim
5, wherein: |
said anti- ferromagnetic film is constituted of NiMn,
- FeMn, Ni©, GO or FeOs - a o
7. A magnetic transducer element according to claim
1, wherein:
said laminated film structure is a spin valve film
structure constituted by sequentially laminating a first
ferromagnetic film, a non- magnetic {film, -a secqnd
ferromagnetic film and an anti-ferromagnetic film, and;
said magnetic domain control film applies an exchange
bias magnetic field to said first ferromagnetic_ film, which

runs at a right angle to an exchange bias magnetic field



“fiil mmagnetic head that can assure an optinmal operation—are provided—(h) A

)
magnet ic transducer element and a thin film nagnetic | ' end
passi ve areas, which do not constitute part of the maqm!ﬁmmg@!mm .
area, do not constitute a source of noise are provided. tie -
‘transducer element and a thin fil mmagnetioc head in which specific nagnetic
characteristics can be inposed upon the central active area are provided.
(d) A magnetic transducer el enment which assures outstanding productivity
and a thin fil mmappliedc teadaitatsecantudtsromagneticoefiayndyi c saidansatter
el enent are provided. (e) A magnetic transducer element and a thin film
magneti c head t hatferrsmegretde nfilly: advant ages to those achi eved when- an

ani sotropi c nmagnetoresi stance effect, filmis enpl gyed even when the central
‘active area adopts anot h@r &t rméguetic drensdyger glement zpoeordingmto; glaim

generate a magnetoresistance effect, are provided. 2 7 CLAI M5
7, wherein:

said exchange bias magnetic field applied to said second
ferromagnetic film is set to be three times greater than said
exéhange bias magnetic field applied to said first
ferromagnetic film.
. 9. A magnetic transducer element according to claim
7, wherein:
said magnetic domain control film is constituted with
an anti-ferromagnetic film -With said anti-ferromagnetic film
being constituted of NiMn, FeMn, NiO, GO or Fe.Os.
10, A thin film magnetic head that includes a slider
and a magnetic transducer element supported by said slider,
said magnetic transducer element utilizing magneto -

resistance effect, comprises:

‘a” laminated fil structure ~That generates  a
magnetoresistance effect, a magnetic domain control film that
applies a bias magnetic field to said laminated film structure

and a pair of lead conductor films, Whereip;

said laminated film structure and said magnetic domain

control film are lamiﬁated to one another to constitute a
central active area, and;

said lead conductor films each terminate a side end
surface of said central active area at either side in a direction

running at a right angle to a direction of lamination of said



1" A magnetic transducer elenment utilizing magneto - resistance effect,
conprising: a | am nat ed film structure that generates—a———

‘magnet oresi stance effect, a magnetic domain control fji t | es a
bias magnetic field to said lamnated filmstructure Il,'ﬂ'!#!!ﬂ!ﬂﬂﬁmm&d
conductor filnms, wherein: said |amnated3®il mstructure and. s tic
domain control filmare |anm nated to one another to constitute a central
active area, and; said | ead conductor filnms each termnate a side end
surface of said cefentiralagetive area. at either side in a direction running
at aright angle to a direction of |amnation of said ceniral actjve a{(?a.
2. A magnetic transducerlkl 8nghin ofidwy dnagnetie Beadpgcorgingeita: claimy 10,
|l am nated filmstryctugre is constituted by lamnating an anisotropic
magnet or esi stance WR§EHt film, a transverse bias film and a magnetic

separation film said ani SQtrqpi ¢ etgresistance effect fil m.and ;sai.d
transverse bias film ar 3 8m ﬂg’cnéﬁg?%get {-,IP viskruchtgenpdset PonsEpLedr i W

(11 m and: sel 0 TG donen SOt ol LR SIARSL kT ey o
ol Loy oe Dl ik it RIACH Sy 35RAEE bR ! OV 00
said anisotropic magnetoresistance effect film and said
transverse bias film are laminated together via said magnetic
separation film, and;
said magnetic domain control film is laminated with
said anisotropic magnetoresistance effect film at a side opposite
from. Where said transverse bias fil;n and said magnetic
separation film are provided.
12. A thin film magnetic head according to claim 11,.
wherein:
said magnetic domain control film is provided on top
of said anisotropic magnetoresistance effect film.
S "f3. A thin film magnetic head according to claim 11,
wherein :
said magnetic domain control film is provided under
said anisotropic magnetorésistance effect film.
14. A thin film magnetic head according to claim 11,
wherein :
said magnetic domain control film is an anti-
ferromagnetic film and applies an exchange bias magnetic field
to said anisotropic magnetoresistance effect film through an

exchange~ coupling generated between said magnetic domain



28 2, wherein:

said magnetic domain control filmis provided on top ofi said

ani sptropi ¢ magnetoresistance effect film 4. A nagr'ﬂﬂulml"slmlcﬂmmmsl enent
.ac&ordl ng to claim2, wherein: said magnetic domain

provi ded under said ani sotropic nmagnetoresi stance effect” firlm 55 A
magnetic transducer elenent according to 3l aim2, wherein: said magnetic

domai n control

bi as magnetic field t

filmis an anti - ferromagnetlc fllmand applies an exchange

net oresl st.ance fect

t hrough an exchang(‘eontrglts)?blldmﬁgrll p| 5 r%g?%eﬁn%%%t Hﬁﬂﬁ e &S)Eﬁgtnhlm

mmgneti c trancducer el omdNt. %‘é’p%va”ﬁ’gﬂfkﬁéﬁéﬁéaﬂgﬁﬂe%é%%dléé! B Jpifd 14,

ferromagnetic fllmmeggqlstltuted of NiM, Fevh, NNO [err] or [err]. 7. A

‘magnetic transducer

eRent accor di ng to claim 1, wherein: said | am nated

net

film structure is a spigayal g éeggrroggweefﬂms; Lt of NiMn

sequentially Ilamnating

n - magne

film a second fpéwa% [ C‘Cob I 4p qrggogn anti- ferromagnetic film and

~ wherein- : =

16. A thin film magnetic head according to claim 10,
wherein :

said laminated film structure is a spin wvalve film
structure constituted by sequentially laminating a first
ferromagnetic film, a non- magnetic film, a second
ferromagnetic film and an anti-ferromagnetic film, and;

said magnetic domain control film applies an e}échange
bias magnetic field to said first ferromagnetic film, which
runs at a right angle to an exchange bias magnetic field
applied to said second ferromagnetic film by said anti-
ferromagnetic ﬁlm. |

17. A thin film magnetic head according to claim 16,

said exchangé blas magnetic field applied to said second
ferromégnetic film is set to be three times greater than said
exchange bias magnetic field applied to said first
ferromagnetic film.
18. A thin film magnetic head according to claim 186,
wherein : |
said magnetic domain control film is constituted with
an anti- ferroniagnetic film with said anti-ferromagnetic film

being constituted of NiMn, FeMn, NiO, CO or FeyOs.



said magnetic domain control filmapplies an exchange bias magnetic field
to. said first ferromagnetic film which runs at a right angle to an
exchange bias magnetic field 29 applied to said second ferromagnetic
film by said anti - ferromagnetic film 8. A nmagnetic transducer

el ement according to claim?7, wherein: $%id exchange bias magnetic field
applied to said second ferromagnetic fi is set to be three tinmes greater
t han sai d exchange bias magnetic field applied to said first ferromagnetic

film 9. A magnetic transducer el enent raqj &l m 7, wherein: said
magneti c domai n contr ol ”ﬁFWFgccngP@%%% %H%%Etg% %I’l;]tﬂl - ferromagnetic
film with said anti- ferronmaget FaLM MYGEETI§ ¢FEAd it uted of N M, FeMn,
"NO [err] or [err]. 10. Athin filmnagnetic head that includes a slider

and a magnetic transducer el enent supBSTRACTY said slider, said magnetic
transducer elenment utilizing magneto - resistance effect, conprises: a

laminated film strutTher eprédenit ipesreiatesis dimeetedt doesiast amagnetic
effect, a magnetic domain control film that applies a bias magnetic field
to said | am nat edradhsducsrr eldment with outstanding productivity, with which
| the track width can be defined to a high degree of accuracy
and required magnetic characteristics can be .reliably imposed
upon the central active area. Laminated films (111 to 113)
- which—~generate a maghétoresistance_‘-efféct, a magnetic domain
control film (114), which applies a magnetic bias to the
laminated films (111 to 113) and a .pair of lead conductor films
(21, 22) are pfovided. The laminated films (111 to 113) and
the magnetic domain control film (114) are laminated to each
other to constitute a central active area (1). The lead
conductor films (21, 22) terminate the side end surfaces of the
central active area (1) at the two sides in direction (X)
runniné at a right angle td direction (Y) of the lamination

of the central active area (1).

FIG. 1



and a pair of |ead conductor films, wherein; said |amnated filmstructure
and, -ai-d magnetic domain control film are lam nated to one another to
cofistitute a central active area, and; said | ead conductor filns each
termnate a side end surface of said central active area at either side in
a direction running at a right angle to a direction of |amnation of said
central active area. 11. A thin filmmgnstic head according to claim 10,
wherein: said lamnated film structure is constituted by |amnating
an ani sotropi c magnet oresi stance effect film a transverse bias filmand a
magnetic separation film said ani sotropic magnetoresi stance effect film
and said transverse bias filmare |am nated together via said nmagnetic
separation film and; said nigret+e—dolfi-n-eontr+off filmis laninated with
sai d ani sotropic nagnet @jesi §tance effect filmat ja sidfe opposite from
where said transverse bijas fill m and sai d rgneticisepatation filmare

: i i O e NG N\ in:
provided. 12. A PﬂLﬁ%g%%%ézé%%§§§s§§§3§§§gg§§33&4%%%234@4?41@;- rein
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13. A-thin filmmagnetic head according to claim 11, wherein: said
magneti c domain control filmis provided under said anisotropic
magnet or esi stance effect film 14. A thin filmnmagnetic head according to
claim11l, wherein: said magnetic domain control filmis an anti-
ferromagnetic fil mand applies an exchange bias magnetic field to said
ani sotropi ¢ magnet oresi stance effect filmthrough an exchange- coupling
generat ed between said magnetic domain 2/31 control filmand said

ani sotropi c nmagnetoresi stance effect film 15. A thin filmnmagnetic head
according to claim 14, wherein: said anti-ferromagnetic film is
constituted of Ni M1, FeMh, NNO [err] or [err]. 16. Athin filmmagnetic
head according to claim 10, wherein: said lamnated filmstructure is a
spin valve filmstructure constituted b quentially lamnating a first
ferromagnetic film a non - magneAT a second ferromagnetic
filmand an anti- ferronmagnetic fj Qgnetic donmai n control
filmapplies an exchange bi as p# & lerronagnetic
film which | 2

123

122

FIG. 4



‘runs at a right angle to an exchange bias nmagnetic field applied to said
second ferromagnetic filmby said anti- ferromagnetic film 17. Athin film
‘magnetic head according to claim 16, wherein-: - said exchange bi as
magnetic field applied to said second ferromagnetic filmis set to be three
times greater than said exchange bias magnetic field applied to said first
ferromagnetic film 18. A thin fil mmagneté'}‘3 head according to claiml16,
wherein: said magnetic domain control film®is constituted with an anti -
ferromagnetic film with said anti - ferromagnetic film being constituted
of Nivh, FeMh, NN O, [err] or [err].
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