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MAGNETIC TRANSDUCER ELEMENT AND 

THIN FILM MAGNETIC HEAD 

TECHNICAL FmLD 

The present invention relates to a magnetic transducer 

·element,· and· a thin · film ·magnetic head. 

BACKGROUND.ART· 
. . 

. · · In the. m.irren.t · trenc:l .. f0r · .m.iri.iaturization of. mapetic 

··disk .drive· devices, ·a. thin .film ~etic head that employs a . 

. : . --· ~eti~ -~~~ -~-~t ~hl~-· k ~-:· ~akes adv~ta~ 
. .. . . . 

of the: magrietoresi~ce: ettect, ·is considered, in the· . ptj<>r 
. . . . . : . 

. :art, to . be a · ii1agnetit transducer. ideany .suited for r~ 
. !information that haS been stored· on a magnetic .. recording 

· medium at a high recording ·density, since its output is not 

affected by- its speed relative t() -the magnetic disk. Typical 

examples .of. such · ~etic transducer elements include a 

magnetic transducer ·element that emplays an - anisotropic 

· magnetoresistance effect. element constituted of,· for instance, 

permall~y. 

A magnetic transducer element utilizing an . anisotropic 

Inagn.etoresistance effeet element requires two bias magnetic 

fields in order. to achieve optimal operation. In other word$, 
.· 
it requires a t_ransverse bias magnetic field 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 effect 

manifests symmetrically and linearly with the zero field set 

as the ce:p..ter. The means for achieving this in the prior art 

_,,,.,.,.,,....... ·· .. 
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include the SAL (soft adjacent layer) bias and the shunt bias. 

The SAL bias is acl_lieved by laminating an anisotropic 

magnetoresistance effect film and a transverse bias film to each 

other via a magnetic separation film. The transverse bias film 

is constituted with a soft magnetic film while the magnetic 

separation layer is constituted with a non-magnetic film. 

The longitudinal bias magnetic field is provided to 

suppress the Barkhausen noise generated when the magnetic 

walls of the anisotropic magnetoresistance effect element move. 

The means for applying a longitudinal bias magnetic field 

include the exchange- coupling bias method, which utilizes an 

exchange- coupling between an anti - ferromagnetic film and 

the anisotropic magnetoresistance effect film, and the hard 

magnet bias method. 

The exchange- coupling bias method is disclosed in 

Japanese Unexamined Patent Publication No. 40610/ 1987 and 

U. S. Pat. No. 4, 103, 315. The magnetic transducer element 

disclosed- -hr- ~ither-- ·of - these· prio~ art publications ·: in~Iudes 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 magn.etoresistance 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 magn.etoresistance effect film is utilized to 
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apply a consistent longitudinal bias magnetic field to the 

anisotropic magnetoresistance effect film so that Barkhausen 

noise, caused by the movement of the magnetic domain, can 

be prevented. The distance between the anti - ferromagnetic 

films defines the track width when the magnetic transducer 

element is used in the magnetic head. 

Next, the hard magnetic bias method is disclosed in 

Japanese Unexamined Patent Publication No. 125311/ 1991. In 

this· prior art publication, an anisotropic magnetoresistance 

effect film and a transverse bias film are provided only 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 magnetore~istance effect film. In this 

structure, a transverse bias magnetic field is generated only 

in the central active area and the longitudinal bias magnetic 

. -- 'field- is generated fu the-· end .. passive ~eas ... 

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 

corresponding magnetic domain control film over a distance 

from the other and the distance between the magnetic domain 
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control films defines the track width, there is a limit to how 

much the width of the tracks can be reduced through 

photolithographic technology. 

Another problem of the exchange- coupling bias method 

described above is that, since the anisotropic 

magnetoresistance effect film and the SAL film are formed 

under the end passive areas constituted with the anti -

ferromagnetic films and the lead conductor films , the 

an.isotropic magnetoresistance effect film and the SAL film are 

present in the end passive areas, which do not constitute part 

of the -··magnetic 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 not always applied to the anisotropic 

magnetoresistance effect film in the central active area. 
-"r": 

One ·of the problems of th~- hfild magnet .. bf as method 

disclosed in Japanese Unexamined Patent Publication No. 

125311/ 1991 is that, since it is necessary to form a hard 

magnet 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 
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described above is that, since the magnetic field generated from 

the hard magnetic films has a distribution in the direction 

in which the hard magnetic films are provided within the 

central active area, the direction of the magnetization of the 

anisotropic magnetoresistance effect film will have a 

distribution in. the direction of magnetization, and because of 

this, the 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 ·-a~hieve optimal .. oper~tio~. 

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 
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can be imposed upon the central active area. 

It is a still further object of the present invention to 

provide a magnetic transducer ele~ent with which outstanding 

productivity can be achieved and to provide a thin film 

magnetic head that includes this magnetic transducer element. 

It is a still further object of the 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 

·'condiictor films. The· laminated filzri°-and the magnetic d.omafu 

control film are laminated together to constitute 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 transducer 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 
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central active area. As a result, the effective magnetic 

transducing area is defined by the width of the central active 

area measured in the direction of the pair of lead conductor 

films. Because of this, unlike in the exchange-coupling bias 

method of the prior art, the effective magnetic transducing 

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 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 ;generated only in the central active area. Thus, unlike the 

e~change-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 generated: 
··~ . ·-

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 magnetic 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 
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in the central active area. 

In addition, since the laminated film, which generates 

the magnetoresistance effect, and the magnetic domain control 

film are laminated to each other in the central active area, 

the central active area can be formed through 

photolithography, . forming processes and the like which belong 

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

improves productivity. 

The central active area 1s 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) effect 

film configuration, . which has been attracting much interest 

recently. A typical example of a central active area using a 

GMR effect film configuration is a spin valve film 

configuration. Other examples include a super- lattice GMR film 

configuration and a granular GMR film configuration . 

According- to -the prei~nt invention, ffi.e advantages described . 

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 magnetic head according to the present 

invention is provided with a magnetic transducer element 

supported by a slider, which is constituted with the magnetic 

transducer element according to the present invention described 

earlier. Because of this, the effects and advantages of the 
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magnetic transducer element according to the present invention 

are directly preserved in the thin film magnetic head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages, 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· - !imitative example. in wh~ch ; 

FIG. 1 shows the magnetic transducer element according 

to the present invention employing an anisotropic 

magnetoresistance effect film configuration ; 

FIG. 2 shows another embodiment 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 ; 

FIG . 4 is an · exploded perspective illustrad~g - 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. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to FIG. 1, the magnetic transducer element 

according to the present invention includes a central active 

area 1 , a pair of lead conductor films 21 and 22 and a 

supporting body 3. The central active area 1 is provided with 

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. The 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 body 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 of the lamination(Y)· 

of th~-~ central active-~ -1. arid ~e in con~t 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 WI of the central active area 1 measured 

in direction (X) of the pair of the lead conductor films 21 and 
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22. Consequently, unlike the exchange-coupling bias method 

in the prior art, it is possible to define the effective magnetic 

transducing area at a specific value with a high degree of 

accuracy to support reduction in the width of the tracks and 

optimal operation is thereby assured. 

Since the central active area 1 includes the structure 

comprising laminated films 111 to 113, which generate the 

magnetoresistance effect, and the magnetic domain control film 

1-14 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 I. 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 ·lnagiietic Cioirlain oontrol fflfil- .1f4 . are l~inated. 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 
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111 to 113 that generate the magnetoresistance effect and the 

magnetic domain control film 114 are laminated to each other 

in the central active area 1, the central active area can be 

formed through photolithography and film- forming processes 

and the like, which belong in one and the same manufacturing 

process to improve productivity. 

In the embodiment, the central active area 1 includes 

an anisotropic magnetoresistance effect film 111 constituted of 

permalloy or the 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 . effect film 111 on the side 

opposite the transverse bias film 112 and the magnetic 

separation. 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-
···-

coupling oias method, which ·utilizes an -exchfilige - coupling 

between the magnetic domain control film 114, constituted-with 

an anti - 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 ma.gnetoresistance effect film 111. 

In the central active area I, the entire surface of the 

transverse bias film 112 is covered by the magnetic separation 
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film 113, the entire surface of the magnetic separation film 

113 is covered by the anisotropic magnetoresistance effect film 

111 and the entire surface of· the anisotropic magnetoresistance 

effect film 111 is covered by the magnetic domain control film 

114. In such a structure, no magnetoresistance effect is 

generated in the end passive areas, which do not constitute 

part of the magnetic transducing area and, thus, generation 

of noise signals is suppressed. In addition, since the· magnetic 

domain control film 114, constituted with the anti -

ferromagnetic film , is in contact with the anisotropic 

niagnetoresistance effect film 111 over the entire surface, unlike 

in the hard magnet bias method of the known art, 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 magnetqresistance effect 

film 111 , the transverse bias film 112 , the magnetic 

-separation film 113 ana,--the magnetic domain control "film 114""" 

on the supporting body 3 in a sl>ecific order. This structure 

makes it possible to form 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, permalloy. 

Its composition, thickness, manufacturing method and the like 
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are known to those ordinary skilled in the art to which the 

present invention pertains. It goes without saying that 

materials other than permalloy that demonstrate a large 

anisotropic magnetoresistance ratio may be used to constitute 

the anisotropic magnetoresistance effect film 111. 

The transverse bias film 112 is a magnetic film without 

magnetoresistance effect, which is constituted of, for instance, 

Ni - Fe - Rh, Ni - Fe - Cr or amorphous. The characteristics 

re~uired of the transverse bias film 112 are mainly that it 

provides good soft magnetic characteristics, lar~ resistivity and 

that it does not demonstrate any magnetoresistance effect. 

Therefore, any material 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 employed in this type of magnetic transducer 

element. 

T:he magnetic domain - ·con:froi-· film 114 may be 

constituted of NiMn, FeMn, NiO, CoO . or Fe20s. 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 
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laminated on top of a base film 115 provided on a surface of 

the supporting body 3. Preference for either the embodiment 

shown in FIG. I or the embodiment shown in FIG. 2 is 

determined by the materials used to constitute the various 

layers . For instance , if FeMn is used for the anti -

ferromagnetic film that constitutes the magnetic domain control 

film 114, it is necessary to form a 1-FeMn with an fcc­

structure and, therefore, if the anisotropic · magnetoresistance 

efiect film 111 has an fee- structure, the embodiment shown 

in FIG. 1 is preferable. 

In the present invention, the central active area 1 may 

be constituted by utilizing the GMR 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 
·-· . 

structure - are · disclosed .. in · Japanese Unexamined Patent 

Publication No. 358310 I 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 uses a spin valve film 

structure and FIG. 4 is an exploded view provided to illustrate 

the structure of the magnetic transducer element shown in 

FIG. 3 clearly. The central active area I includes the spin 

valve film structure comprising films 121 to 124 and a 

magnetic domain control film 126. Reference number 120 
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indicates a base film and reference number 125 indicates a 

protective film. 

The spin valve film structure is constituted by 

sequentially laminating a first ferromagnetic film 121, a non -

magnetic film 122, a se6ond ferromagnetic film 123 and an anti 

-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 Ml 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 8 (see FIG. 4) of the magnetization direction :ryil 

of the first ferromagnetic film 121 relative to the magnetization 

direction M2 of the second ferromagnetic film 123 which 

con.Stitutes the ·pini:l.ed. layer~- The magnetoresistance ratio of the 

spin valve film structure is at its maximum when the 

magnetization direction Ml 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 Ml matches the magnetization direction 

M2. , The magnetoresistance 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 
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the first ferromagnetic film 121. The magnetic domain control 

film 126 is, preferably, formed from an anti - ferromagnetic 

film constituted of NiMn, to provide 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 magnetic domain control film 126 

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

direction ( Z) of the exchange bias magnetic field applied to 

the second ferromagnetic film 123 by the anti - ferromagnetic 

fiim 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 

magnetic domain control film 126 is required to have a 

magnitude that is large enough to create a single magnetic 

domain in -the first ferromagnetic - film 12T 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 
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times greater than the exchange bias magnetic field applied 

by the magnetic domain control film 126 to the first 

ferromagnetic film 121. 

With the embodiment shown in FIGS. 3 and 4, too, 

the various films constituting the spin valve films 121 to 124 

and the magnetic domain control film 126 can be formed 

through photolithographic processes, film forming processes and 

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 a'. side end surface 

of the central active area 1 to terminate the side end surface 

of the central active area 1 .... The effective magnetic 

transducing area is determined by the width of the central 

~'"~ctive ~00:'·1 measured- along the dk~ctt~~ -·of-_ the- pafr of iead 

conductor . films 21 and 22. Because of this, the effective 

magnetic 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 valve 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 
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magnetic transducing area and, thus, generation of noise 

signals is suppressed. 

Furthermore, the central active area 1 can be formed 

by sequentially laminating the films 121 to 124 constituting the 

spin valve film structure and the magnetic domain control 

film 126 on top of the supporting body 3 ·in a specific order. 

Because of this, the spin valve film structure constituting 

films 121 to 124 and the magnetic domain control film 126 can 

be formed through photolithographic processes, film forming 

processes and the like belonging in one and the same 

manufacturing process to improve productivity. 

Moreover, the embodiment 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 field of the anti - ferromagnetic film 

124 -and. the direitio~· of •the· e~~hange ·oias. magneti~ .field .of -.. 

the ·magnetic domain control. film 126 constituted with an anti 

-ferromagnetic film must extend at right angles to each other. 

When th~ 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, it is possible to 

change only the direction of the exchange bias magnetic field 

of the anti - ferromagnetic film 124 constituted of FeMn by 

controlling the temperature of the annealing process in the 

magnetic field ·and the number of times such process is 
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performed so that the exchange bias magnetic field of the anti 

-ferromagnetic film 124 and the exchange bias magnetic field 

of the magnetic domain control film 126 are made to extend 

at right angles to each other. In this manner, the exchange 

bias magnetic field of the anti-ferromagnetic film 124 and the 

exchange bias magnetic field of the magnetic domain 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 

transducer 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 is 

characterized in that the order of lamination of the layers 

constituting the spin valve !ilm 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 

ferro:rlragneifo-film. - 12·1 ~--:. ·· · -

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, which 

satisfies a prerequisite for application to a thin film magnetic 

head, is described. On top of an insulating film of A120s, Si02 

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

constituted of Al20a - TiC or the like constituting the slider, 

170 A of NiFeRh constituting the transverse bias film (SAL) 
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film 112, 100 A of Ta constituting the magnetic separation 

film 113 , 250 A of NiFe constituting the anisotropic 

magnetoresistance effect film 111 and NiMn constituting the 

anti-ferromagnetic film 114, are laminated sequentially. 

Next, after coating a photoresist on top of the anti­

ferromagnetic film 114, a mask is formed with a pattern for 

achieving the central active area 1, which approximately 

corresponds to the track width. Then the unmasked areas are 

removed through a method such as ion milling. At this time, 

the incident angle 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 formed 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 

resist ar~ -- re~oved. through-a lift:.. off proc~ss. 

Th~ magnetic transducer element shown in FIG. 2, too, 

can be manufactured through a similar manufacturing 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 base 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 
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anti - ferromagnetic film 114 in the embodiment above. 

demonstrates anti-ferromagnetism after annealing in a magnetic 

field. This material also changes its exchange bias magnetic 

field depending upon the annealing temperature in the 

magnetic field and the number of annealing cycles. In this 

embodiment. by controlling the annealing temperature in the 

magnetic field and the number of ·annealing cycles such 

annealing process is performed, the exchange bias magnetic 

field is set at approximately 25 ( Oe). 

Now the manufacturing method for the magnetic 

transducer element -·shown in FIGS. 3 and 4 are described. 

After forming a base 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 100 A, the non magnetic 

film 122 is formed of Cu at a thickness of 25 A, a second 

f errom8gri.etic film . f 23 is formed of Co at ~ . thlckness of 
•• ·=-· 

30 A and_ the anti-ferromagnetic film 124 . is formed of FeMn 

at a film thickiiess of 120 A. 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 element with a spin 

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

The magrietic transducer element shown in FIG. 5 can 

be manufactured by changing the order of lamination to 

achieve the spin valve film structure. 
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The spin valve film structure in the embodiments 

shown in FIGS. 3 to 5 all demonstrate a magnetoresistance 

ratio of approximately 3. 5%, achieving an output approximately 

2. 5 times that when an anisotropic magnetoresistance effect 

film is employed. Since the direction of the exchange bias 

magnetic field of the anti- ferromagnetic film 124 constituted 

of FeMn and 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 

performed at 250° C while applying a magnetic field of lk 

( Oe) in the direction of the exchange 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- ferromagn;etic film 124 constituted of FeMn 

is changed. 

FIG. 6 shows an enlarged cross section of a thin film 

magiretic -head whlch ·em:Pio.Ys 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 
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AbOs, Si02 or the like on top of a base body constituted of 

AbOs - TiC or the like. The slider 400 is provided with an 

air bearing surface (hereafter referred to as an ABS) 403 on 

the side facing opposite a magnetic disk. The slider 400 may 

be of the type in the prior art, which is provided with a 

rail portion on the surface facing the magnetic disk with the 

surface of the rail portion constituting the 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 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 

present invention described earlier. Thus , the effects and 

advantages of the MR type magnetic transducer elements 

according to the present invention are undiminished. Reference 

number 413 indicates a lower shield film which may be 
·· .. ·-

constituted with a magnetiC film such as -permailoy. 
. .:....:- -

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 Pl and P2 which face opposite each other across 

the gap film 424 with a very small thickness and write is 
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performed at the pole tips Pl and P2. In the back gap portion 

constituted with the yolk portion of the lower magnetic film 

421 and the upper magnetic film 422 which are on the 

opposite side from the pole portions Pl and P2, the link 

completes the magnetic circuit. The coil film 423 is formed on 

top of the insulating film 425 in such a manner that it coils 

around the linked area of the yolk portion. While the figure 

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 magnetic head that can assure an optimal operation are 

prbVided. 

( b) A magnetic transducer element and a thin film 

magnetic head in which the end passive areas, which do not 

constitute part of the magnetic transducing area, do not 

constitute a source of noise are provided. 

( c) A magnetic transducer element and a thin film 

magnetic head in which specific magnetic characteristics can be 

imposed upon the central active area are provided. 

( d) A magnetic transducer element which assures outstanding 

productivity and a thin film magnetic head that includes this 
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magnetic transducer element are provided. 

( e) A magnetic . transducer element and a thin film 

magnetic head that achieve similar advantages to those 

achieved when an anisotropic magnetoresistance effect film is 

employed even when the central active area adopts another 

structure such as spin valve film to generate a 

magnetoresistance effect, are provided. 
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CLAIMS 

1. A magnetic transducer element utilizing magneto -

resistance effect, comprising: 

a laminated film 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, wherein : 

said laminated film structure and said magnetic domain 

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 

central active area. 

2. A magnetic transducer element according. to claim 1, 

wherein: 

said laminated film structure is constituted by 
.. -

faffiinating an anisotropic··.- inagneforesistance effect film~:...,-- a -

transverse bias film and a magnetic separation film; 

said anisotropic magnetoresistance effect film and said 

transverse bias film are laminated together via said magnetic 

sei;>aration film, and ; 

said magnetic domain control film is laminated with 

said anisotropic magnetoresistance effect film at a side opposite 

from where said transverse bias film and said magnetic 

separation film are provided. 

3. A magnetic transducer element according to claim 
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2, wherein: 

said magnetic domain control film is provided on top 

of said anisotropic magnetoresistance effect film. 

4. A magnetic transducer element according to claim 

2, wherein: 

said magnetic domain control film is provided under 

said anisotropic 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 anisotropic magnetoresistance effect film through an 

exchange- coupling generated 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, Nio, CoO or Fezcta:- -

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 second 

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 
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applied to said second ferromagnetic film by said anti -

ferromagnetic film. 

8. A magnetic transducer element according to claim 

7, wherein: 

said exchange bias magnetic field applied to said second 

ferromagnetic film is set to be three times greater than said 

exchange 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, CoO or Fe20s. 

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 film 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, wherein ; 

said laminated film structure and said magnetic domain 

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 
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central active area. 

11. A thin film magnetic head according to claim 10, 

wherein: 

said laminated film structure is constituted by 

laminating an anisotropic magnetoresistance effect film, a 

transverse bias film and a magnetic separation film; 

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 

smd anisotropic magnetoresistance effect film at a side opposite 

from where said transverse bias film 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. 
-· - -

l~ A thin film magnetic · nead - according to · claiin · 11, 

wherein: 

said magnetic domain control film is provided under 

said anisotropic magnetoresistance 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 exchar..-ge bias magnetic field 

to said anisotropic magnetoresistance effect film through an 

exchange- coupling generated between said magnetic domain 
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control film and said anisotropic magnetoresistance effect film. 

15. A thin film magnetic head according to claim 14, 

wherein: 

said anti - ferromagnetic film is constituted of NiMn, 

FeMn, NiO, CoO or Fe203. 

16. A thin film magnetic head according to clairri 10, 

wherein: 

said laminated film structure is a spin valve 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 exchange 

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, 

- wherein-: _::......:-- -· 

said exchange bias magnetic field applied to said second 

ferromagnetic film is set to be three times greater than said 

exchange bias magnetic field applied to said first 

ferr.omagnetic film. 

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

wherein: 

said magnetic domain control film is constituted with 

an anti - ferromagnetic film with said anti - ferromagnetic film 

being constituted of NiMn, FeMn; NiO, CoO or Fe20s. 


