
. ,.; . ·.,, 

. . . . . _ R'TtY) p ("O f-~ 
·· .... · .. • .. ::· .. 

• ... 

. . . : . . . .... : : : ... . -· ..... ·.· .. ·. ···' .. · . ; . -.· .. · ... 

. · .. 

..... 
' . . ... · ........... ~ ... . . .. 

REPLACEO""'SH.EETS SG , 
a('oescription: paged .... ~ .. to paged·.~. 

, lif'Claim(s) : paged.~.!.. to paged .i?:?.. 

~,.~,, 

I Gt( Drawing(s) · paged . I c 
.. .../ . • ·•··••· to paged .. ~ ..• 
.YI Aljstract : paged .~. to paged .. ::: .. 

-----~\ --------- I 1 

\liiumtr\·. · MAGNETIC HEAD 

TECHNICAL FIBLD 

The present invention relates to a magnetic head which 

is employed in a magnetic disk apparatus. 

BACK.GROUND ART 

A· great deal of interest has been focused on magnetic 

heads which utilize the magnetoresistance effect. since their 

output voltage does not rely on the speed of the recording 

medium and a high output is achieved. 

Normally, in a magnetic head, a second magnetic shield 

film and a first magnetic shield film are provided above and 

1 below a magnetoresistive ( MR} element via an insulating 

layer. These magnetic shield films absorb superfluous magnetic 

ftux, · improve the resolution and the high frequency 

characteristics and increase the recording density. 

Magnetic shield films are constituted of a material with· 

a high permeability and a high saturation magnetization. 

Therefore, Ni - Fe alloys with a low coercivity and a low 

magnetostrictive force are often used. 

Japanese Unexamined Patent Publication ( KOKAI) No. 

116009/1990 discleses a manufacturing method in which en Fe 

-Al-Si alloY is employed to constitute the first magnetic shield 

film. An Fe-Al-Si alloy film has characteristics such as a 

high .ib~br. a .. high sa~~ti~ri magnetization and a high 
. ";: :·· . ·.~-... . 

degree of hardness. In addition, among amorphous soft 
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magnetic materlalst Co metal group amorphous materials such 

as Co- Zr. · for instance. are known to demonstrate a high 

permeability . For instance , Japanese Unexamined Patent 

Publication {KOKAI) No. 258323/1988 discloses an example in 

which a soft magnetic laminated film constituted by laminating 

a Co- Zr amorphous alloy and a Ni - Fe alloy is used to 

constitute a magnetic shield film. 

Japanese Unexamined Patent Publication ( KOKAI) No. 

17 4334 I 1993 discloses a magnetic shield film which is 

characterlr.eci by the fact that its permeability is smaller than . . 

that of the MR fihn. If a shield material With a high 

permeability is used, since the magnetic shield film would 

absorb the magnetic flux which should nonnally be taken in 

by the MR :filnJ., the reproduction sensitivity is reduced·. The 

magnetic shield film disclosed in the publication ·constitutes 

a means for preventing this. and it is constituted by using 

a Co- Zr-Cr alloy. 

Now, as magnetic disk apparatuses have become more 

and more compact, it is required of the magnetic head that 

the track width and the gap between the upper and lower 

shields be reduced so that a higher . recording density can be 

SUPPorted. In addition. when the track width is reduced, 

since the output voltage is also reduced as· a result, it becomM • 

necessary to provide a higher degree of sensitivity in the MR 

element. 

Anisotropic magnetic thin fllms constituted of Ni-Fe 

alloys or Ni- Co alloys have been used to constitute an MR 
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film. 

However. as a means for supporting a higher degree 

of sensitivity in the MR element and a higher output, a 

magnetic multilayer film constituted by laminating magnetic 

film and non-magnetic film, which provides a high degree of 

magnetoresistance effect. has been attracting much interest. 

Among magnetic multilayer f11ms, particularly keen interest has 

been focused on spin valve films because of their high degree 

of reproduction sensitivity. Publications in the known art that 

refer to spin valve film include, for instance, Physi.caJ. Review 

B Volume 43, page 1297, 1991, Journal of Appiied Physics. 

Volume 69. page 4, 774. 1991 and Japanese 

Patent Publication (KOKAI) No. 358310/ 1992. 

A_ spin valve film noqnally bas . a film structure 

comprising NiFe /Cu/(NiFe or Co)/FeMn. In a spin valve film, 

while the magnetization of the pinned ferromagnetic layer, 

which is in contact with the anti - ferromagnetic layer is 

pinned, the m8gnetlzation of the free ferromagnetic layer 

rotates freely under the influence of an external magnetic field. 

which achieves an anti- parallel state of magnetization and 

result.s in a high degree of magnetoresistance effect. 

As explained above, as a means for supporting higher 

magnetic density, efforts have been made to reduce the gap 

between the upper and lower shields and the track width in 

a magnetic head. However, a narrower gap between the 

shields means that the distance between the MR element and 

the shields is reduced and that the influence of the magnetic 
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characteristics of the magnetic shield films on the reproduction 

sensitivity and the reproduction waveform of the MR element 

c:an no longer be disregarded. This problem becomes even 

more pronounced as the recording density increases and the 

insulating layer ~omes thinner. 

In particular. in the case of the spin valve film 

described above, the film thickness of the magnetic field 

response film. which responds to an external magnetic field. 

is smaller than that of a regular anisotropic magnetoresistive 

film and. consequently, the influence of the static magnetic 

fields of the magnetic shield films also becomes significant. 

Since no magnetic domain control is implemented on the 

magnetic shield films, the magnetic fields applied by the 

magnetic shield films adversely affect the $bility of the 

:reproduction waveform. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide an 

MR magnetic head that achieves an bnprovement in recording 

density by absorbing superfluous magnetic flux and improving 

the resolution and the high frequency characteristics. 

It is a further object of the present invention to 

pl'ovide an MR ·magnetic head with which a high output 

voltage is achieved by preventing deterioration in the 

reproduction sensitivity due to the influence of the magnetic 

shield films. 

In order to achieve the objec~ described aboveT the 

' i 
! 
; ,. 
! 

_; 



v 

· .. ··: 

---.. ----------·--···-----

5 

magnetic head according- to the present invention includes a 

magnetorasistance effect type magnetic conversion element 

(hereafter referred to as an MR element). The MR element 

comprises a mag.netoresistive fibn {hereafter referred to as an 

MR film), a first magnetic shield film and a second magnetic 

:;,hield film. The MR film includes at least one magnetic field 

response film that responds to an external magnetic field. The 
. . 

first magnetic shield film and the second magnetic shield film 

are provided at either side of the m.agn.etlc field response 

film. 

At least either the first magnetic shield film or the 

second magnetic shield film includes a magnetic film whose 

saturation .magnetization is lower than the saturation 

magnetization of the magnetic field response film. In the 

magnetic shield film, the magnetic film occupies a position that 

is close to the magnetic field response fibn. 

As described above, since the first magnetic shield film 

and the second magnetic shield film are provided at either 

side of the MR film, superfluous magnetic flux can be 

absorbed by the first magnetic shield illm and the· second 

magnetic shield film to improve the resolution and the high 

frequency characteristics, thereby achieving an improvement in 

the recording density. 

At least either the first. magnetic shield film or the 

second magnetic shield film, i. e. • the first magnetic shield 

film, for instance, includes a magnetic film whose saturation 

magnetization is lower than the saturation magnetization of 

.. :.• 
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tlm magnetic field response film that is included in the MR 

film. In the magnetic shield film, the magnetic film occupies 

a position that is close to the magnetic field response film. 

In such a structure, any deterioration in the reproduction 

sensitivity of the magnetic head due to the influence of the 

first magnetic shield film is prevented, to improve the output 

voltage. 

The magnetic film whose saturation magnetization is 

lower than the saturation magnetization of the magnetic field 

response film included in the MR fihn may be provided at 

either the first magnetic shield film or the second magnetic . . 
shield film~ or at both of them. 

The magnetic field response film ·is constituted. of 

ananisotropic magnetic film in the case of an anisotropic MR 

· element, and is constituted of a magnetic film (free- layer) 

whose :magnetization rotates under the influence of an external · 

magnetic field in the case of a GMR illm such as a spin 

valve film. 

In addition, in a· combined type magnetic head that 

employs an MR element for a read element and an inductive 

. element for a write element, the structure in which a· second 

magnetic shield film is positioned toward the side where the 

inductive element is provided and a first magnetic shield film 

is positioned toward the opposite side is normally adopted. 

In such a structure, the saturation magnetization of the first 

magnetic shield film is set smeller then the saturation 

magnetization of the magnetic field response film. This 
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structure achieves an improvement in the output voltage by 

preventing deterioration in the reproduction sensitivity of the 

magnetic head due to the influence of the first magnetic shield 

film within a range over which the characteristics of tbe 

inductive element are not affected. The second magnetic shield 

film positioned towarEl the side where the inductive element 

is provided is normally constituted of the first :magnetic film 

of the inductive element. 

An effective implementation of the first magnetic shield 

film may have a multilayer film structure in which two 

magnetic .films are separated from each other by a non -

magnetic film. In that case, the saturation magnetization of 

the magnetic film that is positioned closer to the magnetic field 

response film is set smaller than the saturation magnetization 

of the magnetic field response film • The saturation 

magnetization of the magnetic fllm that is further away from . 

the magnetic field response film may be either smaller or 

larger than the saturation magnetization of the magnetic field 

response fi~. 

llRJEF 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-limitive example. in which: 

FIG. 1 is a cross section of the magnetic head 

ac:cording to the present invention: 

I 
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FIG. 2 is an enlarged cross section showing in detail 

the structure of an MR element which may be included in the 

magnetic head shown in FIG. 1 ; 

FIG. 3 is an · enlarged cross section showing another 

example of an MR element which may be included in the 

magnetic head shown in FIG. I ; 

FIG. 4 is an enlarged cross section showing yet another 

example of an MR element which may be included in the 

magnetic head shown in FIG. I : 

FIG. 6 is an enlarged cross section showing yet another 

example of an MR element which may be included in the 

magnetic head shown in FIG. 1 ; 

FIG. 6 is a cross section of another embodiment of the 

magnetic head according to the present invention; 

FIG. 1 is an enlarged cross section showing in detail 

. the structure of en MR element which may be included in the 

magnetic head shown in FIG. 6: 

FIG. 8 is · an enlarged cross $eetion showing another 

example of an MR element which may be included. in the 

magnetic head shown in FIG. 6; 

FIG. 9 is an enlarged cross section shmring yet another 

example of an MR element which may be included in the 

. magnetic head shown in FIG. 6: 

FIG. 10 is an enlarged cross section showing yet 

another example of an MR element which may be inclll!ied in 

the magnetic head shown in FIG. 6 : 

FIG. 11 is a graph illustrating the relationship between 

.t 
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the Ta content in a Ni - Fe- Ta film and the satti.ration 

magnetization; 

FIG. 12 is a graph illustrating the relationship between 

the Ta content in a Ni- Fe-Ta film and the permeability; 

FIG. 13 is a graph illustrating the relationship between 

the Ta content in a Ni-Fe-Ta film and the coercivity; 

FIG. 14 is a graph illustrating _the relationships between 

the Cr content in a Ni-Fe- Cr film, the Hf content in a Ni 

- Fe-Hf film and the Rh content in a Ni-Fe-Rh filin, and the 

saturation magnetization; 

FIG. 15 is a graph illustrating the . relationships between 

the Cr content in a Ni-Fe-Cr film, the Hf content hi a Ni 

- Fe-Hf film and the Rh content in a Ni-Fe-Rh film, and the 

saturation permeability: and 

FIG. 16 is a graph illustrating the relationships between 

the Cr content in a Ni-Fe-Cr film, the Hf content in a Ni 

- Fe- Rf film and the Rh content in a Ni-Fe-Rh film and the 

coercivity. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to FIG. 1, the thin film magnetic head is 

provided with an MR element 200 that is used as a read 

element and an inductive element 300 that is used as a write 

element. on a slider 100. 

The slider 100 is constituted of a ceramic structure. 

and an insulating film 120 constituted of AlsOa, SiC>i or the 

like is provided on the base body 110 constituted ot AlA -
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TiC or the like. The slider 100 is provided with an air bearing 

. surface (hereafter referred to as the ABS surface) 130 at one 

surface, which faces opposite the magnetic disk. Sliders 100 

in the known art include a type in which a rail portion is 

:provided at the surface that faces opposite the magnetic disk 

with the surface of the rail portion oonstituting the ABS 

surface 1 a type in which the surface facing opposite the 

magnetic disk is a flat surface without a rail portion, with 

almost the entire surface constituting the ABS surface, aiid the 

like. The arrow (a) indicates the ~ection in which air flows 

out. 

A first magnetic shield film 400 is Iaminated onto the 

insulating film 120, and an insulating film 500 is laminated 

onto the first magnetic shield film 400. The insulating film 

500 is constituted of AiiOa. SiC>i or the like. 

The MR element 200 is provided embedded in the 

insulating film 500. The MR element 200 ·1s provided with an 

MR film 210 and a lead conductor 220. 

In this structure, the first magnetic shield film 400, 

which is positioned under the MR element 200 provided with 

the MR film 210, should be constituted of a low saturation 

magnetization material whose saturation magnetization is lower 

than the saturation magnetiiation of the MR film 210. By 

using such a material with a low saturation magnetization, it 

is possible to increase the reproduction sensitivity of the 

magnetic head with the influence applied by the first magnetic 

shield film 400, which, in turn, achieves an improvement in 
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the output voltage. 

The inductive element 300, which is provided .with a 

first magnetic film 310, a second magnetic film 320, a coil 

film 330, a gap film 340 that .may be constituted of alumina 

or the like, an insulating film 360 constituted of an organic 

resin such as Novolak resin, and a protective film 360 and 

the like, is laminated onto the insulating film 500. In the 

embodiment shown in FIG. l , in which the inductive element 

300 is laminated onto the MR element 200, the first magnetic 

film 310 ls :referred to as a lower magnetic f"lhn and the 

second magnetic film 320 is referred to as an upper magnetic 

film under normal circumstances. The front end portions of 

the first magnetic fibn 310 and the second magnetic fllm 320 

constitute p9le tips Pl and P2 that face oppc)site each other 

over the gap film 340, whose thickness is very small, and 

write is performed at the pole tips Pl and P2. 

The first magnetic film 310 functions as a ·second 

magnetic shield film for the MR element 200. The yolked 

portions of the f"ll'St magnetic film 310 8nd the second magnetic 

film 820 are linked with each other· so that they complete a 

magnetic circuit at the back gap portion which is on the 

opposite side from the pole tips Pl and P2. The coil film 330 

is fonned on the insulating film 350 in such a manner that 

it winds around the area where the yolked portions are linked 

in a coil. 

FIG. · 2 is an enlarged cross section showing the 

structure of the MR element 200 included in the thin film 
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magnetic head shown in FIG. 1 in further detail. The first 

magnetic shield film 400, an insulating film 510. the MR 

element 200, an insulating film 520 and the second magnetic 

shield film (first magnetic film) 310 are sequentially laminated 

on the base insulating film 120 which is laminated ·onto the 

base body 110. 

The MR film 210, which constitutes tbe MR element 

200, may be constituted by using an anisotropic 

magnetoresistive film, but it is more desirable to constitute it 

with a spin valve film. The MR film 210 in the figure is 

constituted of a spin valve film. The spin valve film in the 

figure includes a magnetic field response film ( first 

feITOJJ18gnetic film) 211, a non-magnetic film 212, a pinned 

feITOmagnetic film (Second ferromagnetic film) 213 and an anti 

- ferromagnetic film 214. It goes without· saying that a fJ.lm 

structu,e other than the film structure described above may 

be adopted for the spin valve film. 

The MR film 210 constituted of the spin valve film is 

fanned to have a track width of. for instance, 2. 5 1J m, and 

is provided with a . lead conductor 220 at each end. The lead 

conductors 220 are each provided with a Co-Pt allay film 221 

and an electrode film 222. The Co-Pt alloy film 221 is 

provided to impart magnetic domain control on the magnetic 

field response fihn· 211 of the spin valve film by applying a 

bias magnetic field to \be spin valve film. 

The spin valve film in the figure has the following 

specific fllm structure. First, the magnetic field response film 
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211 is constituted of a NiFe film with a film thickness of 

approximately O. 1 JJ. m. Under the magnetic field response film 

211, a base film constituted of a Ta film with a film 

thickness of approximately 0. 05 p. m is formed. The non -

magnetic film 212 is a Cu film with a film thickness of 

ap~ximately O. 025 Jl m. The pinned ferromagnetic film 213 

is ·constituted of a NiFe film with a film thickness of 

approximately 0. 05 /J m. The anti-ferrom~etic film 214 is 

constituted of a · FeMn film with a film thickness of 

approximately 0. l p. m and is provided with a protective film 

constituted of a Ta film with a film thiclmess of 

approximately O. 05 /J m. However, this film structure with the 

specific values for the individual film thicknesses . is given 

purely by way of example and does not imposp any restrictions 

upon the film structure or film ·thicknesses, and another film 

structure may be em.ployed. 

When the present invention is adopted in the MR film 

210 provided with the spin valve film described above, the 

first magnetic shield film 400 is constituted of a material 

whose saturation magnetization is lower than the saturation 

magnetization of the magnetic field response film 211. In the 

case of the embodiment, since the magnetic field response film 

211 is constituted of an NiFe film, a Ni- Fe-Ta alloy whose 

saturation magnetization is Imver than that of the Ni-Fe alloy 

is used to constitute the first magnetic shield film 400. 

Instead of Ta, one of the other elements such as Cr, Hf, Rh 

and the like may be used. 
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As describe~ above , by using a low saturation 

magnetization material to constitute the first magnetic shield 

film 400, it becomes possible to reduce the influence of the 

static magnetic field applied by the first magnetic shield film 

400 to the magnetic field response film 211 to prevent the 

reversal of magnetization of the magnetic field response film 

211 from attenuating, thereby avoiding a reduction in the 

sensitivity, in the spin valve film in which the insulatin~ layer 

510 is thin and the magnetic field response .film 211 is also 

thin~ If, on the other hand, a high saturation magnetization 

material whose saturation magnetization is higher than the 

saturation magnetization of the magnetic field response film· 211 

were used to constitute the first magnetic shield film 400, 

the influence of the static magnetic fi.eld applied by the firsl 

:magnetic shj.eld film 400 to the magnetic field response film 

211 would be great enough to attenuate the reversal of 

magnetization of the magnetic field response film 211, resulting 

in a reduction in the sensitivity. 

As described in Japanese Unexamined Patent Pub,lication 

(KOKAI) No. 174334/1993, if the permeability and the saturation 

magnetbation of the first mapetic shield film 400 are 

excessively high, the magnetic flux that should otherwise be 

taken into the MR fllm 210 will also be absorbed by the 

magnetic shield film, reducing the sensitivity. 

~pwever , if the permeability is reduced to a 

considerable .extent, its function as a magnetic shield film will 

not be fulfilled sufficiently, resulting in an increase in the 
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P'W50 of the output reproduction wave. Thus, a material with 

a composition such that the permeability is relatively high, 

whereas the saturation magnetbation is low, is used to 

constitute the first magnetic shield 400. While an alloy with 

the composition described earlier is employed in. ·this 

embodiment, its composition is not limited to this and a Ni -

Fe metal alloy such as Ni-Fe-Cr, Ni-Fe-Hf, Ni-Fe-Nb, Ni­

Fe-Rh or the like, a Co-metal amorphous alloy such as a Co 

-Zr-Mo, Co-Zr-Nb or the like may be employed. 

The second ·magnetic shield film a.to, which also 

constitutes the first magnetic film of the inductive element 300 

may be constituted of a Ni-Fe alloy, as is used in the prior 

art. As a result, the output voltage can be improved by 

preventing deterioration in the reproduction sensitivity of the 

magnetic head due to the influence of the first magnetic shield 

·mm 400 within a range over which the characteristics .of the 

inductive element 800 are not affected. 

The film thicknesses of the magnetic shield films may 

be set at, for instance, approximately 1 ll m for the first 

magnetic shield film 400 and approximately 2. 5 p. m for the 

second magnetic shield film (first magnetic film) 310. The film 

thicknesses of the insulating films 510 and 520 may be set 

at approximately · 1. 2 p. m for the insulating film 510 between 

the fll'St magnetic shield film 400 and the MR film 210 and 

at approximately I ll m _ for the insulating film 520 between 

the MR film and the second magnetic shield film. However, 

these numerical values are given only by way of example and 
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no restrictions whatsoever are imposed by them. 

FIG. 3 is · a cross section showing another embodiment 

or the magnetic head according to the present invention. The 

first magnetic shield film 400 includes a first magnetic lilm 

410, a non- magnetic film 420 and a second magnetic film 

430. The magnetic film 410 and the magnetic fihn 430 are 

separated from each other by the non-magnetic film 420. Of 

the magnetic films 410 and 430, the magnetic film 430, which 

is closer to the magnetic field response field 211, bas a 

saturation magnetization · that is iower than the saturation· 

magnetization of the magnetic field response f"llin 211. The 

saturation mainetization of the magnetic film 410 may be 

either smaller or larger than the saturation magnetization of 

the magnetic field response film 211. 

Specific examples of the first magnetic film 410/non­

magnetic film 420/ second magnetic fihn 480 include a laminated 

film constituted of a Ni-Fe-Ta alloy I Ta /Ni-Fe-Ta alloy 

and a laminated fi1m constituted of a Ni- Fe-Ta alloy I Ta 

I Fe-Al-Si alloy. The Fe-Al-Si alloy is a material that is 

normally used to constitute a lower shield and its permeability 

and saturation magnetization are both larger than those of 

a Ni-Fe alloy. The Ni-Fe-Ta alloy is employed because of its 

low saturation magnetization. To constitute the non-magnetic 

film 420, Cr or the like may be used in place of Ta. 

The first magnetic shield film 400 is constituted as a 

two-layer structure comprising the first magnetic film 410 and 

the second magnetic film 430 in order to reduce the magnetic 

.... ··:·.:··.· 
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field applied by the first magnetic shield film 400 by inducing 

tnagnetic coupling between the· two layers. i. e. , the first 

magnetic film 410 and the second magnetic film 430. 

Since magnetic domain control is not implemented on 

the first magnetic shield film 400 itself, its magnetization 

behavior may become a source of noise. In the embodiment, 

the first magnetic shield film 400 and the MR film 210 are 

adjacent to each other via the insulating fllm 510. Therefore, 

if the MR film 210 is subjected to the influence of the 

magnetic field applied by the first magnetic shield film 400, 

the stability of the output reproduction waveform becomes 

considerably deteriorated, resulti.ni in an increase in noise. 

By constituting the first magnetic shield film 400 with 

the non-magnetic film 420 and the two layers, i.e., the first 

magnetic film 410 and the second magnetic film 430, which 

are Jaminated at the two sides of the non-magnetic film 420. 

magnetic coupling is induced between the first magnetic film 

410 and the second magnetic film 430. Thus, the problem 

discussed above is solved. The film thicknesses of the first 

magnetic film 410 and the second magnetic film 430 are both 

at approximately 0. 5 JJ. m ·and the film thickness of the non 

- magnetic film 420 is set at approximately 0. 3 p, m. There may 

be more . than · one set of this combination of the ill'St 

magnetic film 410, the second magnetic film 430 and the non 

- magnetic film 420. 

FIG. 4 is a cross section showing another embodiment 

of the magnetic. head according to the present invention. ln 

. . . : :::~·:: / .. 
· ... · . :-.- . . · .. 



18 

the figure, the same reference numbers are assigned to 

components identical to those in FIGS. 1 to 3 and their 

explanation is· omitted. This embodiment is characterized in 

that the second magnetic shield film: 310 constituting the first 

magnetic film (lower magnetic film) of the inductive element 

300 includes a magnetic film 311, a non-magnetic film 312 

and a magnetic film 313 and that the magnetic film 311 and 

the magnetic film 313 are separated from each other by the 

aon-magnetic film 312. Of the magnetic films 311 and 313, 

the magnetic film 313, which is closer to the magnetic field 

response film 211. has a saturation magnetization that is 

lo~ than the saturation magnetization of ·the magnetic field 

response film 211 . It is desirable to set the saturation 

magnetization of the first magnetic shield film 400 smaller than 

the saturation magn~zation of the magiietic field response 

film 211. 

In this embodiment, too, the ad.vantages that are listed 

in reference to FlG. 3 with respect to the second m&gnetic 

shield film 310 (lower magnetic film) are achieved. 

FIG. 5 ~ a cros,, section showing another embodiment 

of the magnetic head according to the present invention. The 

same reference numbers are assigned to components that are 

identical to those shown in FIGS. 1 to 4 and their 

explanation is · omitted. The embodiment shown in FIG. 5 

represents a combination of the embodiment shown in FIG. 3 

and the embodiment shown in FIG, 4. The first magnetic 

shield film 400 includes a magnetic film 410, a non-magnetic 
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film. 420 and a second magnetic film 430. The first magnetic 

film 410 and the second magnetic film 430 are separated from 

each other by the non- magnetic film 420. Of the magnetic 

films 410 and 430, the magnetic film 430, which is closer to 

the magnetic field response film 211 , has a saturation 

magnetization that is lower than the saturation magn.eti2ation 

of the maanetic field response film 211. 

The second magnetic shield film 310. which also 

constitutes the first magnetic film (lower magnetic film) of the 

inductive element 300, includes a magnetic film 811, a non 

- magnetic fllm 312 and a magnetic film 318, with the 

magnetic films 311 and 313 separated from each other by the 
' . non-magnetic film -312. Of the magnetic films 311 and 313, 

the · magnetic film :ns, which is closer to the magnetic field 

response film 211, has a saturation magnetization that is 

lower than the saturation magnetization of the magnetic field 

response film 211. 

FIG. 6 is a cross section showing another embodiment 

of · the magnetic head according to the present invention. In 

the figure, the same reference numbers are assigned to 

components that are identical to those shown in FIG. 1. The 

feature of this embodiment is that the MR element 200 is 

laminated onto ·the inductive element 300. With such a 

structure, since the· MR element 200 can be fabricated after 

the inductive element 300, the MR element 200 does not come 

under the influerice of the heat treatment process which is 

an unavoidable part of the fabrication process in manufacturing 
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the inductive element 300. The inductive element 300 is 

constituted by forming the first magnetic film (lower magnetic 

film) 310 within an indented portion formed in the insulating 

film 120 and then by forming the second magnetic film 

(upper magnetic film) 320, a coil film 330, the gap film 340 

constituted of alumina or the like and the insulating film 350 

constituted of an organic resin such as Novolak resin. 

The MR element ZOO uses the upper magnetic film 320 

·Of the inductive element 300 as its second magnetic shield 

film and has a structure in which an MR film 210 is provided 
• 

on the insulating film · 500 form~ on the second magnetic 

shield film· 320 and the first magnetic shield film 400 is 

laminated onto the insulating film 500. A protective film 600 

is la.mll>ated onto the first magnetic shield itlm 400. · 

FIG. 7 is an enlarged C1'05S section showing the 

structure of the MR element 200 included in the thin film 

magnetic head shown in FIG. 6 in further detail. In the 

figure, the same reference numbers are assigned to components 

that are identical to those in FIGS. 1 to 6. In the 

embodiment. the MR fibn 210 is constituted of the spin valve 

film. which has been explained in reference to FIGS. 2 to 

5. The first magnetic shield film 400 has a saturation 

magnetization that is lower than the saturation magnetization 

of the magnetic field response film 211. Such a first magnetic 

shield film 400 has already been explained. 

FIG. 8 is a cross section showing another embodiment 

of the magnetic head according to the present invention. The 
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first magnetic shield film 400 includes a magnetic film 410, 

a non-magnetic film 420 and a second magnetic film 430 .. The 

magnetic films 410 and 430 are separated by the non­

magnetic film 420. Of the magnetic films 410 and 430, the 

magnetic film 430, which is closer to the magnetic field 

response film 211, has a saturation magnetization that is lower 

than the saturation magnetization of the magnetic field 

response film 211 .· The saturation magnetization of the 

magnetic film 410 may be either smaller or larger than the 

saturation magnetization of the magnetic field response film 

211. 

FIG. 9 is a cross section showing another embodiment 

of the magnetic head according to the present invention. In · 

the figure, the same, reference numbers are assigned to 

components that are identical to those shown in FIGS. 1 to 

8 and their explanation is omitted. The features of this 

embodiment are that the second magnetic shield film 320 

constituting the upper magnetic film .of the inductive element 

300 includes a magnetic film 321, a non-magnetic film 322 

and a magnetic film 323 and that the magnetic film 321 and 

the magnetic film 323 are separated from each other by the 

non-magnetic rtlm 322. Of the magnetic films 321 and 323, 

the magnetic film 323, which is closer to the magnetic field 

response film 211, has · a saturation magnetization that is 

lower than the saturation magnetization of the magnetic field 

response film 211. The Saturation magnetization of the first 

magnetic shield film 400 is preferably smaller than the 

~­
; 
·! 
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saturation magnetization of the magnetic field response film 

211. 

FIG. 10 is a cross section showing another embodiment 

of the magnetic head according to the present invention. The 

same reference numbers are assigned to components that are 

identical to those shown in FIGS. 1 to 9 and their 

explanation is omitted. The embodiment shown in FIG. 10 

represents a combination of the embodiment shown in FIG. 8 

and the embodiment shown in FIG. 9. The first magnetic· 

shield film 400 includes a magnetic film 410. a non-magnetic 

film 420 and a second magnetic film 480. The :magnetic films 

410 and 430 are separated from each· other by the non -

magnetic film 420. Of the magnetic films 410 and 430, the 

magnetic film 480. which is closer tq the magnetic field 

response film 211, has a saturation magnetization that is . lower 

than the saturati0n magnetization of the ~tic field 

response film 211. 

The second magnetic shield film 321. which also 

constitutes the second magnetic film (upper magnetic film) of 

the inductive element 800, includes a magnetic film 821, a 

non - :magnetic f.tlm 322 and a magnetic film 323, and the 

magnetic films 821 and 323 are separated from each other by 

the non-magnetic film 322. Of the magnetic films 321 and 

323, the magnetic rtlm 323, which is closer to the magnetic 

field response film 211, has a saturation magnetization that is 

lower than the saturation magnetiiation of the magnetic field 

response film 211. 
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The embodiments shown in FIGS. 6 to 10, too, achieve 

advantages similar to those achieved in the embodiments 

shown in FIGS. 1 to 5. Next, embodiments of the present 

invention including their manufacturing methods are explained. 

Embodiment 1 

In order to obtain the magnetic head shown in FIG. 

2. the spin valve film, which constitutes the MR film 210, 

is formed through ion beam sputtering. The film formation 

is performed under the following conditions: with the ultimate 

. ·vacuum at a maximum of 5 x io·6Pa, the vacuum at the time 

of film formation at approximately 1. 2 x 10-1Pa, the Ar gas 

flow rate at 7sccm, the acceleration voltage of the sputter 

gun at SOOV and the ion current at 30mA •. It is to be noted 

that a magnetic ·field of approximately 100 Oe is applied 'f"hen 

forming each film. 

The mm structure comprises Ta ( 0. 05 µ m) I NiFe ( 0. 

1 p.m.) /.Cu (O. 025µm) I Co (0. OS1tm) I FeMn (0. I Jlm) I 

T~ ( O. 05 JJ. m). This film. structure has been explained in · 

detail in reference to FIG. 2. The MR change factor and the 

magnetic field sensitivity of the MR f4m thus obtained. are 

2. 71 and 0. 51/0e respectively. The second magnetic shield film 

310. is constituted of a Ni-Fe alloy film formed through a 

plating method. It is. a permalloy alloy with a composition of 

Ni-18Fe. 

The. first magnetic shield film 400 is formed through 

RF magnetron sputtering. The RF magnetron sputtering film 

formation is performed under the following conditions : the 

f 
j 
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ultimate vacuum at a maximum of 1 x l0"4Pa , ·the vacuum at 

the time of film formation at approximately 4 x io-1Pa, the 

Ar gas fl~w rate at 30sccm and the RF power at lOOOW. ·The 

relationships between the Ta content and the magnetic 

characteristics of the Ni- Fe- Ta film thus formed are shown 

in FIGS. 11 to 13. 

FIG. 11 is a graph illustrating the relationship between 

the Ta cont.ent and the saturation magnetization, FIG. 12 is 

a graph illustrating the relationship between the Ta content 

and the penneability and FIG. 13 is a graph illustrating the 

relationship between the Ta· content and the coercivity. In 

FIGS .. 11 to 13, the compositions are achieved with the Ta 

contents ( atl) indicated. in the figures and the Ni-18Fe alloy 

(permalloy). 

First, in reference to FIG. 11, a reduction in the 

saturation magnetization is observed. as the Ta content 

increases. Consequently, it is possible to control the saturation 

magnetization through adjustment of the Ta content. 

Next, as shown in FIG. 12, a slight change in the 

permeability is observed in confonnance to various Ta contents. 

As explained earlier, if the permeability becomes excessively 

small, the function of the magnetic shield film is not ~tirely · 

fulfilled . resulting in an increase in the PW50 of the output 

reproduction wave. For this reason. the Ta content is selected 

at a value such that_ a relati'vely high permeability is achieved 

while, at the same time, the saturation masnetization stays 

within a low range in conformance to the teacl>ings learned 
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i.n FIGS. 11 and 12, 

As for the coercivity. it tends to increase as the Ta 

content increases, as shown in FIG. 13. This is not a desirable 

tendency for a magnetic shield, Howevet" t this does not 

present any problems whatsoever in practical use. 

Table I shows the magnetic characteristics of a Ni ... 18Fe 

alloy and an Fe- Al-Si alloy, which are normally used for 

shields for the purpose of comparison. All the films have a 

film thickness of 1 JJ. m and, ·in order to make a· valid 

comparison, they are all formed through RF magnetron 

sputtering, The composition of the Fe- Al - Si · allay in this 

example has an atomic ratio of Fe: Al: Si = 86: 5: 9. 

Table I 

Shield film material Saturation Permeability 
mqnetization (IG) C511z) 

Ni-Fe-Ta 6.4 2200 

Ni-Pe 1800 (example for comparison) 10.0 

Fe-Al-Si 
11.0 2000. (example for ec.parison) 

In this embodiment, a ( Ni-18Fe)-7. 2Ta alloy film 

whose permeability ls slightly larger and whose saturation 

magnetization is lower than the Ni-18Fe alloy which constitutes 

the magnetic field response film 211 pf. the spin valve film. 

is used to constitute the first magnetic shield film 400. It 

i.rs to be noted that a heat treatment is performed on this illm 
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at aoo· c at 3k0e for two hours. 

Table II shows the output voltages and the PWSO of 

the output voltage waveforms of magnetic heads employing the 

Ni-Fe-Ta alloy film as in the embodiment, a Ni-Fe alloy and 

an Fe-Al- Si alloy to constitute the first magnetic shield film 

400. Tbe measurements were made under identical conditions, 

with the MR height at I. O JJ. nt, the track width at 2. 5 p. 

m, the resistance between electrodes at 40'2. the sense current 

at 8mA and the flying height at 75~. 

Table Il 

Shield film material OutJJUt voltage PISO 
Ct.tVp-p) (nm) 

Ni-Fe-Ta 950 380 

Ii-Fe 700 380 (example for ccmparison) 
Fe-Al-Si 650 ~5 (example for cmparison) 

The results shown in FIG. 2 indicate that by using a 

Ni-Fe-Ta alloy film whose saturation magnetization is lower 

than that of the Ni-Fe alloy, at less than 10 kGauss, to 

constitute the first magnetic shield film 400, the influence of 

the static· magnetic field imparted by the first magnetic shield 

film 400 to the magnetic field response film 211 of the spin 

valve rum can be reduced. resulting in an improvement in 

the . output voltage . In addition, it is verified that no 

significant difference is observed in the PW50 of the Qutput 

. 
. '· 
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reproduction waveform regardless of which material is used to 

consti~ute the first magnetic shi~ld film, confirming that its 

function as a magnetic shield film is fulfilled. 

It is to be noted that since, if the material. used to 

constitute the first magnetic shield film 4.00 has an extremely 

small saturation magnetization and an extremely mruil.l 

permeability, its function as a magnetic shield film will 

naturally not be entirely fulfilled resulting in an increase in 

the PW50 of the output reproduction waveform. Thus, it is 

nt~ary to select a material which achieves an improvement 

in the output voltage without increasing the PW50. as in this 

embodiment. 

EmbtXtiment 2 

In order to obtain the magnetic head shown bi FIG. 

3, a spin valve film identical to that used embodiment 1 is 

employed to constitute the MR film 210 and, likewise, a Ni­

Fe alloy identical to that used in embodim~t 1 is employed 

to constitute the second magnetic shield film 310. In the first 

magnetic shield film, the magnetic itlm 410 and the magnetic 

film 430 are separated from each other by .the non-magnetic 

.fihn 420. and the saturation magnetization of the magnetic 

film 430 which is closer to the magnetic field response film 

211 of the spin· valve film is lower than the saturation 

ma81letization of the magnetic field response film 211. 

The film structure comprising the magnetic film 410/ 

non- magnetic f"tlm 420/ magnetic film 430 is constituted of Ni 

-Fe-Ta alloy (0.5um) I Ta (0.3ttm) I Ni-Fe-Ta alloy ( O. 

.• 
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· 6 /1. m). The Ni-Fe-Ta alloy is a material that achieves a low 

saturation magnetization , as explained above , and its 

composition has an atomic ratio of ( Ni-18Fe)- 7. 2Ta. 

As an example for comparison , a magnetic head 

provided With a first magnetic shield film 400 constituted of 

a single layer film formed of an Fe-Al-Si alloy was prepared. 

1.'he Fe-Al-Si alfoy is normally used to constitute the lower 

. shield. 

Table m shows the output fluctuation and the output 

voltage of magnetic heads employing the first magnetic shield 

films described above. The measurements were made ·under 

identical measuring conditions as those in embodiment 1. 

Shield film material 

Ni ··Fe-Ta two layers 

Fe·-Al-Si single layer 
(example for caiiparison) 

Table III 

Output fluctuation 
(example for comparison) 

0.4 

1 

Output voltage 
(example for comparison) 

1. 2 

1 

The results shown in Table Ill conf'um that ·when a Ni 

- Fe-Ta ~Joy with a small saturation magnetization is uSed to 

constitute the first magnetic shield film, an improvement in 

the output voltage is achieved in addition to achieving a 

reduction in the output fluctuation, 

Similar results are achieved· even when the Ta in the 

·Ni- Fe ... Ta film is replaced by another element such as Cr, 
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Hf, Rh or the like. This point is explained below. 

FIG. 14 is a graph illustrating the relationships between 

the Cr content in a Ni-Fe-Cr film, the Hf content in a Ni 

- Fe-Hf film and the Rh content in a Ni- !t'e-Rh . film and the 

saturation magnetization, FIG. 15 is a graph illustrating the 

relationships between the Cr content in the Ni-Fe-Cr film, 

the Hf content in a Ni- Fe-Hf fHm and the Rh content in a 

Ni-Fe-Rh fihn and the permeability and FIG. 16 is a. graph 

illustrating the relationships between the Cr content in a Ni 

-Fe-Cr film, the Hf· content in a Ni-Fe-Hf film and the Rh 

content in a Ni-Fe~ Rh film and the coercivity. 

In FIGS. 14 to 16, the horizontal 8xis represents the 

content ( at%) of Cr, Hf or Rh that is added with the 

remaiqing percentage accounted for by the Ni - 18Fe alloy 

(permalloy). 

As shown in FIG. 14, a reduction in the saturation 

magnetization is observed as the Cr, Hf or Rh content 

increases regardless of which element is added. Trus confirms 

that the saturation magnetization can be controlled by 

adjusting the content of Cr. Hf or Rh. 

In addition, as shown in FIG. 15, a slight change in 

the permeability is observed depending upon the varying Ta 

contents. However, tms change remains within a range that 

ensures that no problem in practical use is caused. 

As for the coercivity, it tends to increase as the Hf 

or Rh content increases, as shown in FIG. 16. With Cr, a 

desirable outcome, in which the coercivity is drastically reduced 
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when the Cr content exceeds 10 at~. is achieved. 

As has been explained, according to the present 

invention, the following advantages are achieved. 

· (a)An MR magnetic head that achieves an improvement 

in recording density by absorbing superfluous magn.eti~ flux 

and improving the resolution and the high frequency 

characteristic8 is provided. 

(b) An MR magnetic head with which a high output 

voltage ls achieved by preventing deterioration in the 

reproduction sensitivity due to the influence of the magnetic 

shield · ilhns is provided. 
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CLAIMS 

1 . A magnetic head including a magnetoresistive 

conversion element ( 200) , said magn.etoresistive conversion 

element ( 200) comprising: 

a magnetoresistive film ( 210) including at least one 

magnetic field response film (211) that responds to an external 

magnetic field; and 

a first magnetic shield film ( 400) and a second 

magnetic shield film (310) bellig positioned at either side of 

said magnetoresistive film (210), wherein at least either said 

first magnetic shield film ( 400) or said second magnetic shield 

film (SlO) includes a magnetic film (430) whose saturation 

magnetization is lower than a saturation magnetization of the 

magnetic field response film ( 211) ~ said magnetic film 

( 430) occupies a position in said magnetic shield film ( 400) 

that is close to said magnetic field response film ( 211). 

2. A magnetic head according to claim 1, wherein: 

either said first magnetic shield film or said second 

magnetic shield film includes a non - magnetic film, a first 

magnetic film. and a second magnetic film. with said first 

magnetic film and said second magnetic film being separated 

from each other by said non-magnetic film : and 

of said f"U"St magnetic film and said second magnetic 

film, a magnetic film that ts positiOned closer to said m8gnetic 

field response film ·has a saturation magnetization lower than 

said saturation magnetization. of said masnetic field response 
----------·-·-----

film. 

.. ... 
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3. A magnetic head according to claim 2. wherein: 

said saturation magnetization of said magnetic film 

positioned closer to said magnetic field response film is less 

tl1an 10 kGauss. 

4. A magnetic head according to claim 2. wherein: 

of said first magnetic film and said second magnetic 

fihn, a magnetic film positioned further away from said 

magnetic field response · fibn has a saturation magnetization 

lower than said saturation magnetization of said magnetic field 

response film. 

5. A magnetic head according to claim 4, wherein: 

said saturation · magnetization of said magnetic film. 

pllsitioned further away from said magnetic field response film · 

is less than 10 kGauss. 

6. A magnetic head according to claim 2. wherein: 

a magnetic film positioned further away from said 

magnetic field response film has a saturation magnetization 

higher than said saturation magnetization of said magnetic field 

response film. 

film. 

7. A magnetic head according to claim 1, wherein: 

said magnetoresistive film is constituted of a spin valve 

8. A magnetic head according to claim 7, wherein: 

said spin v-alve film comprises, at least, said magnetic 

fi~ld response film. a non - magnetic film, a pinned 

ferromagnetic film and an anti-ferromagnetic f"Jlm; 
--·---·-

said magnetic field response film and said pinned 

• 
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fel'romagnetic film are separated. from each other by said non 

. - magnetic film; and 

said anti-ferromagnetic film is coupled to said pinned 

ferromagnetic: film. 

9. A magnetic head according to claim l, including an 

inductive conversion element. 

l 0. A magnetic head according to claim 9, w~rein: 

said inductive conversion element is provided adjacent 

to said magnetoresiStive conversion element. 

11. A magnetic head according to claim 10, wherein: 

either said first magnetic shield film or said second 

magnetic shield film is also utilized es a magnetic film of said 

inductive conversion element. 

12. A magnetic head according to claim 11, wherein: 

of said first magnetic shield film and said second 

magnetic shield film, a magnetic shield film that is not utiU?.ed 

as said magnetic film of said inductive conver$ion element 

iilcludes a non- Dlagnetic layer, a first magnetic film . and a 

second magnetic film with said first magnetic fihn and said 

second magnetic film being separated from each other by said 

non- magnetic film: and 

of said first magnetic film and said second magnetic 

film, a magnetic film that is positioned closer to said magnetic 

field response film ~as a saturation magnetization that is 

lower than a saturation magnetization of. said magnetic field 

response film. 

18. A magnetic head according to claim 12, wherein: 
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said saturation magnetization of said magnetic film 

positioned closer to said magnetic field response film is less 

than 10 kGauss. 

14. A magnetic head according to claim 12, wherein: 

of said first magnetic film and said second magnetic 

f~. a magnetic . film positioned further away from said 

magnetic field response film has a saturation magnetization 

lower than said saturation magnetization of said magnetic field 

response illm.· 

15. A magnetic head according to claim 14, wherein: 

said saturation magnetization of said magnetic film 

positioned further away from said magnetic field response fllm 

is less than 10 kGauss. 

16. A magnetic head according to claim 12. wherein: 

a magnetic · film positioned further away from said 

magnetic field response film has a saturation magnetization 

higher than said sattiration magnetization of said magnetic field 

response film. 

17. A magnetic head according to claim 11. wherein: 

of said iU'St magnetic shield film and said second 

magnetic shield film, a magnetic . shield film that is also 

utilized o.s said magnetic film of said inductive conversion 

element includes ·a non- magnetic layer, a first magnetic film 

and a second magnetic ftlm with said first magnetic film and 

said second magnetic film being ~ted from each other by 

said non-magnetic film; and 

of said first magnetic film and said second magnetic 
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film, a magnetic mm that is positioned closer to said magnetic 

field response film has a saturation magnetization that is 

lower than a saturation magnetization of said magnetic field 

response film. 

18. A magnetic head according to claim 17, wherein= 

said saturation :magnetization of said magnetic film 
• 

positioned closer to said magnetic field response film is less . 

than 10 kGauss. 

19. A :magnetic head according to claim 17, wherein: 

of said first magnetic film and said second magnetic 

film, a magnetic film positio~ed further away from said 

magnetic field response film has a saturation magnetization 

lower than said saturation magnetization of said mqnetic field 

response film. 

20. A magnetic head according to claim 19, wherein= 

said saturation magnetization of said magnetic ftlm 

positioned further away from said magnetic field response film 

is less than 10 kGauss. 

21. A magnetic .head according to claim 17, wherein: 

a magnetic film PoSitioned further away from said 

magnetic field response film has a saturation magnetization 

higher than said saturation magnetization of said magnetic field 

response film. . 

· .... -- ................. .. 


