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TECHNICAL FIELD
The present invention relates to a magnetic head which
15 employed in a magnetic disk apparatus.

ﬁACKGROUND 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 reoording"
medium and a high output is achieved. . |
Nmny. in a magnetic head, .a second magnetic shield
film and a first magnetic shield film are provided above and

, below a magnetoresistive (MR) element via an insulating

layer Thme magnetic shield films absorb superfluous magnetxc
flux, 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 ofteﬁ used.
 Japanese Unexamined Patent Publication ( KOKAI) No.
116009/1990 discloses a manufacturing method in which en Fe
-Al-Si alloy is emploved to constitute the first magnetic shield
film, An Fe-Al -5 alloy ﬂlm has characteristics such as a
high permbabﬂlty. a_high saturatmn magnetization and a high
degree of hardness. In addition, among amorphous soft




out put vol tage does not rely on. the speed of the recording nedium and a.

"hi gl output is achieved. Normally, in a magnetic head, a second
magnetic shield filmand a first magnetic shield filmare prowded above
iand bel ow a magnetoresistive (MR) element via an insulating [ayer. '

These magnetic shield filnms absorb superfl uous nageshkebiQias Béeh R¥placed MPr ove
the resolution and the high frequency char | nCcr ease
the recording density. Magnetic,shield fil MJEI’H&EHRN éd_ of a
material wth a high perneability andahlgh sat i zati on.
Therefore, Ni- Fe alloys with a low coercivity and a low nagnetostrictive
force are often usfr?fgnenc materials, Co metal group amorphous materials such
as Co-2r, for instance, are known to demonstrate a high
permeability. For instance, Japanese Unexamined Patent
Publication (KOKAT) No. 258323/1986 discloses an example in
which a soft magnetic laminated film constituted by laminating
4 Co-Zr amorphous slloy and a Ni-Fe alloy is used to
constitute a magnetic shield film.
v Japanese Unexamined Patent Publication ( KOKAI) No.
174334/ 1993 discloses a magnetic shield film which is .
characterized by the fact that its permeability is smaller than
that of the MR film. If a shield material with a high
permenbility is used, since the magnetic shield film would
absorb the magnetic flux which should normally be taken in
by the MR film, the reproduction sensitivity is _reduoed-. The
magnetic shield film disclosed in the publication -constitutes
a means for preventmg this, and it is constituted by using
a Co-2r-Cr alloy.
Now, as magnetic disk apparatuses have become more
and more compact, it is required of the magmetic 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 becomes .
necessary to provide a higher degree of sensitivity in the MR
element

Anisotropic magnetic thin films constituted of Ni-Fe
alloys or Ni-Co alloys have been used to constitute an MR



Japanese Unexam ned Pat ent’ Publ i cat i on..( KOKAI) No. 116009/ 1990. d| scl oses
. -a #manuf act uri ng met hod in which.an Fe -Al -Si aIon IS enployed to

constitute the first magnetic shield film An Fe- Al- Si alloy film has
ssCharacteristics such as a high perneability, a high saturation

magneti zati on and a high degree of hardness. Th —additt+onr,-—anong

anor phous soft magnetic materials, G SEL roup am)rphous
materials such as Co- Zr, for instange, are kno”" I ﬁ °&‘ie a high

film. |
However, as a means for supporting a higher degree
of sehsitivit& 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 films, particularly keen interest has
been focused on spin valve films because of their high iiegree
of reproduction sensitivity. Publications in the known art that
refer to spin valve film include, for mm. Physical Review
B Volume 43, page 1267, 1981, Journal of Applied Physxcs
Volume 69, page 4, 774, 1981 and Japanese Unexamined
Patent Publication (KOKAI) No. 358310/1992,
| A spin valve film normally has 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 magnetization of the free ferromagmetic layer
rotates freely under the influence of an external magnetic field,
which achleves an anti- parallel state of magnetization and
results in a high degree of magnetoresistance effect.

- As explained ahove, as a means for supporting higher
magnetxc density, efforts have been made to reduce the gap
between the upper and lower shields and the trdck width in
a magnetic head. However, a narrower gap between the

ghields means that the distance between the MR element and
the shields is reduced and that the influence of the magnetic



C per meabi | | ty: - For [ nst ance, Japanese Unexani ned Pat ent PubI i cation (KG(AI)
258323771986 ' di scl oses an exanple in which a soft magnetic I'ani nat ed

;f| | m constituted by lamnating a Co - Zr anor phousmglsh@yHAMdenReblaced FE
“alloy is used to constitute a magnetic shieldfilm ese
Unexam ned Patent Publication(KOKAI) No. 174334/ 19 H Hm g

-magnetic
shield filmwhich is characterized by the fact that ity is
smaller than that of the MRfilm If & shield naterial with a high
pernmeability is used, since the magnetic shield film would absorb the
magnetic flux which should normally be taken in by the MRfilm the

reproduction sensidyhVdtiridtics 8f 488 maghétic shield films on the reproduction
sensitivity and the Ireproduction waveform of the MR element
can no longer be disregarded. This problem becomes even
more pronounced as the recording density increases and the
insulating layer becomes thinner.
In particular, in the case of the spin wvalve film
" described above, the film thickness of the magnetic field
</ response film, which responds to an external magnetich field,
| is smaller than that of a regular amsotromc 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 stability 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 improvement in recording
density by absorbing superfluous magnetic flux and improving
the resolution and the high frequency characteristics.
_ It is a ﬁlrther object of the present invention to
provide 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 objects described above, the



magnetic shield filmdisci osed.in the pubI i cat i on” const i tut es a rréané-for
preventing this, and it is constituted by using & Co-Zr- Cr al | oy.
Now, as magnetic di sk apparatuses have becone nore——and—rore—conpact, it

s required of the magnetic head that the track w.dih asdBeep bet ween
t he upper and | ower shi el ds be reduced so that a g density
can be supported. In addition, when the track w dtmﬁﬁ lﬁ si nce
the output voltage is also reduced as aSresult, it sary to

provi de a higher degree of sensitivity in the I\/R el enent .
Ani sotropic magnetic thin films constituted of Ni- Fe alloys or Ni-

~alloys” have been ysgghdife ARl IdebbRiRg £ the present invention includes a
magnetoresistance effect type magnetic conversion element
(hereafter referred to as an MR element). The MR element
comprises a magnetoresistive film (hereafter referred to as an
MR film), a first magnetic shield film and a second magnetic
shield 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 magnétic shield film
are provided at either side of the magnetic 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 f_ield response film. In the
magnetic shield film, the magnetic film occupies a position that
is close to the magnetic field response film.
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 magnmetic shield film and the second
magnetic shield film to improve the resolution and the high
frequency characteristics, thereby achieving an improvement m
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



3£l Im - However "as a means for supportl ng a h| gher degree of -
sensitivi ty inthe MR eI ‘ement ‘and a higher output, a magnetic nultilayer
filmconstituted by |am nating magnetic film and non-nmaghet+e—fitm which
provides a hi gh degree of nmagnet or esi st ance effect, has b e at]{ aGhi ng
much interest. Anmong nagnetic nultilayer films, par"th | nterest
has been focused on spin valve filns beacause of t hei ‘ \

the magnetic field response filxﬁ that is included in the MR
film. In the magnetic shield film, the magnetic film occupies
a position thaf 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.
N The magnetic film whose saturation magnetization is
 lower than the saturation magnetization of the magnetic field
response film included in the MR film 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
enanisotropic magnetic film in the case of an anisotropic MR
" element, and is constituted of a magnetic ﬁlm (free-layer)
whose magnetization'rotabes under the influence of an external
magnetic field in the case of a GMR film 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 smaller than the saturation
magnetization of the magnetic field response film. This



~of- reproducti-on-sensitivity. Publications in the known art that “refef to.
spin valve filminclude, for instance, Physical Review B Volune 43, page
4297, 1991, Journal of Applied Physics, Vol une 69, page 4, 774, 1991 and
Japanese Unexami ned Patent Publication (KOKAI) No. %BSWPEQQ&nReﬂlaced A

spin valve filmnormally has a filmstructure conprisg Ni Fe or
Co)/FeMnh. In a spin valve film whi e the nagnetlz nned
ferromagnetic layer, which is in contact with the anti tic

| ayer is pinned, the magnetization of the free ferronagnetlc | ayer rotates
freely under the nfluence Qf an external netl field, I ch,_achi eves
an anti- paraIIeI d?*Wﬁﬁﬁe?PzQPPHW"EWHﬂ §“#W“§ (% ef¥ee of

magnet or esi st ancergwfrénetmg deterioration in the reproduction semsitivity of the

magnetic head due to the influence of the first magnetic shield
film within a range over which the characteristics of the
inductive element are not affected. The second maguetic shield
film positioned toward the side vtfhere the. inductive element
is provided is normelly constituted of the first magnetic film
of the inductive element.
An effective implementation of the first magnetic shield
~ film may héve a multilayer film structure in which two
magnetic films are separated from each other by a mnon-
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 fitm that is further away from
the magnetic field response film may be either_ smaller or
larger than the saturation magnetization of the magnetnc field
response film, |

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-limitive example, in which;
FIG. 1 is a cross section of the. magnetic head
according to the present invention:



- As.explained above, ‘as a means.for -supporting higher  nagnetic density, .
“efforts have been made to reduce the gap bet ween the upper—and._|l ower

shields and the track width in a magnetic head. Hnay, narrower gap
“bet ween the shields neans that the distance between t laged d; :
the shields is reduced and that the influence of the I '! !

n

4 characteristics of the nmagnetic shiael dfilms on t

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;

F1IG. 3 is an enlarged cross section showing a.nother
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. 1;
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. 7 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. 6;
s

FIG. 8 is an enlarged cross section 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 showing 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 included in
the magnetic head shown in FIG. 6;
FIG. 11 is a graph illustrating the relationship between



sensiti vity and the reproduction waveform of the MR el enent = can no Ionger '
be di sregarded. This probl em becones even nor e pronounced as the recordl ng
density increases and the insulating |ayer becones thinner—
particular, in the case of the spin valve film described a ov&enﬁgi;ﬁca‘dllm
t hi ckness of the magnetic field response film whi cthn
external magnetic field, is smaller thagthat of are
magnetoresi stive filmand, consequently, the infl uenc
magnetic fields of the magnetic shield filnms al so becones si gm f [ cant
Since no magnetic domain control is inplenented on the magnetlc shield
filnme, the nagnetic thieelTs opmientdibmyat INi - FegTat |fnn§ha@ddﬂfl¢ gatiadviensel v
affect the stability of the

magnetization ;

) FIG. 12 is a graph illustrating the relationship between
the Ta content in a Ni-Fe-Ta f_ilm 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 film, 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 in 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-Hf 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 i-ead
element and an inductive element 300 that is used as a write

- element, on a slider 100. |

The slider 100 is conmstituted of a ceramic structure,
and an insulating film 120 constituted of ALOs, SiO; or the
like is provided on the base bady 110 constituted of AlO, -



reprodﬂcti onpaveform . - - SRR Dl SCLCSURE oF THE | NVENTI O\I )

It is an object of the present |nvent|on to provide an— I’VR‘TTHQTTEI“I_C_'hEVad

frequency characteristics. It is a further obJe ent:

I nvention to provide an MR magnetic heagl with which a oltage
is achi eved by preventing deterioration in the reproductlon sen5|t|V|ty
due to the influence of the magnetic shield filns.

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

that achieves an inprovenent in recording density by a or Inced
superfluous magnetic flux and inproving the resol uti I@( ﬁ§

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 constituting the ABS
surface, a type in which the surface fééing opposite the
O - magnetic disk is a flat surface without a rail portion, with
almost the entire surface constituting the ABS surface, and the
like. The arrow (a) indicates the direction in which air flows
out. S |
A first magnetic shield film 400 is laminated 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 ALO, SiO; or the like,
The MR element 200 is provided embedded in the
insulating film 500, The MR element 200 'is provided with an
MR f{ilm 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 magmnetization 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



l'n .or.dei. 0. achi evé the. objects described above, the . .- magnetic’ ... ..

head according to the present invention includes a nagnetoresistance
ef.fect type nagnetic conversion el enment (hereafter referred to as an MR
el enent). The MR el ement conprises a nagnetoresi stive—f++m(hereafter

referred to as an M film, a first magnetic shi e d
magnetic shield film The MR filminclydes at Ieas'?rh fﬂi&nﬁ%enlﬁes Qegld

response filmthat responds to an external rragnetlb f
The inductive element 300, which is provided with a

the output voltage.

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 350 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
L embodiment shown in FIG. I, in which the inductive element
~ 300 is laminated onto the MR element 200, the first magnetic
film 810 is referred to as a lower magnetic film 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 film 310 and the second magnetic film 320
constitute pole txps Pl and P2 that face opposite each other
over the gap film 340, whose thickness is very small, and
write is performed at the pole tips P1 and P2.

The first magnetic film 310 functions as a ‘second
magnetic shield film for the MR elemexﬁ 200. The yolked
portions of the first magnetic film 310 and the second magnetic
film 320 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 P1 and P2. The coil film 330
is formed on the insulating film 360 in such a manner that
it winds around the area where the yolked portions are linked
in a coll.

FIG. 2 is an enlarged cross section showing the
structure of the MR element 200 included in the thin film
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el d response film As descri bed above, since the
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side of the I\/Rfllnl)ﬂsuperfluous magnetic flux can be

G in further detail. The first
magnetic shield film 400, an insulating film 510, the MR

magnetic head shown in

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 the MR element
200, may be constituted by wusing an anisotropic
magnetoresistive film, but it is more desirable to conmstitute 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
ferromagnetic film) 211, a non-magnetic film 212, a pinned
ferromagnetic film (Seconti ferromagnetic film) 213 and an anti
- ferromagnetic film 214. It goes without saying that a film
structure other than the film structure described abpve may
be adopted for the spin valve film.
The MR film 210 constituted of the spin valve film is
formed to have a track mdth of, for mstance. 2,5um, and
tspromdedmthaleadconductor220at eachend The lead

_ conductors 220 are each prov1ded with a Co-Pt alloy 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 film 211 of the spt'n valve film by applying a
bias magnetic field to the spin valve film.
The spin valve film in the figure has the following
specific film structure. First, the magnetic ficld response film



absor bed by the first magnetic shield filmand the second

filmto i nprove the resolution and the high frequency chafhacstberl sti cs

t her eby achi eving an i nprovenent in the recording density
| east either the first magnetic shield filmor the second nﬂmf
film i. e., the first magnetic shield film for instance,

magnetic fil mwhose saturation magneti2&tion is |ower than the sat urati

magneti zati on of

eet HasB
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211 is constituted of a NiFe film with a film thickness of
approximately 0.1z m. Under the magnetic field response film
211, a base film constituted of a Ta film with a film
thickness of approximately 0. 05 z m 1s formed. The non-
fnagnetic film 212 is a Cu film with a film thickness of

approximately 0,025 u m. The pinned ferromagnetic film 213 -

is 'constituted of a NiFe film with a film thickness of
approximately 0. 05 u m. The anti-ferromagnetic film 214 is
constituted of a ‘FeMn film with a film thickness of
approximately 0.1 zm and is provided with a protective film
constituted of a Ta film with a film thickness of
approximately 0.06 zm. However, this film structure with the
épecific values for the individual film thicknesses is given
purely by way of example and does not impose any restrictions
upon the film structure or film thicknesses, and another film
stmcture may be employed.
 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 magmetization 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 lower 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.

nfagnet_Lc_M
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t he*magniettc-fiel'd response filmthat i's included in The NR—fi+m—tathe

magnetic shield film the magnetic film occupies a po t | s.close
té the magnetic field response film In such a structﬁ?gg&g}ﬁp&mh laced
deterioration in the reproduction sensitivity of the e to
the influence of the first magnetic shield filmis prev

the output voltage. . The nmagnetiac fil m whose saturatlon
- magnetization is |ower than the saturation nagnetization of the magnetic
field response filmincluded in the MR filmnay be prOV|ded at either the

(751 manet < sh 10 1A S ieeT SRR ing € Gk Bl 20
anani sotr opi ¢ Magngh bGekldtiB nhfifiad 268 RhsBtuR! 'tﬁQt EAR madhetic shield
i film 400, it becomes possible to reduce the influence of the
static magnetic field applied by the first magunetic 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
O sensitivity, in the spin valve film in whmﬂltheiﬁmﬂaﬁng 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 field applied by the first
magnetic shield film 400 to the magnetic field response film
211 would be great enough to attenuate the reversal of
magnetization of the magnetic ficld response film 211, resulting_
in a reduction in the sensitivity.
As described in Japanese Unexamined Patent Publication
(KOKAI) No. 174334/1993, if the permeability and the saturation
magnetization of the first magnetic shield film 400 are
excessively high, the magnetic flux that should otherwise be
taken into the MR film 210 will also be absorbed by the
magnetic shield film, reducing the sensitivity.
However, 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



el ement, and is constituted of a magnetic film (free- "'iY%QS

magneti zation rotates under the influence of an external

C: Sg acF(h
the case of a GWR filmsuch as a spin valve film Sl , aﬁuwmémn
a conbined type nmagnetic head that enplgys an MR el enent f

el enent and an inductive element for a Write elenent, the structure in
whi ch a second nmagnetic shield filmis positioned toward the side where the

i nductive el enent

is provided and a first nmagnetic shield film is

posi tioned toward {50 pgfoshe eotput reproductiohl wazdoTrus, al materibl awith

structure, the saturation nmagnetization of the first magnetic shield
filmis set smaller a kemudsitiomtancht that thegpemmeakilitin isf relativelt highe

field response film This '

whereas the saturation mégnetization is low, is used to
constitute the first magnetic shield 400. While an alloy with
the composition described earlier is emp_loyed 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, Mi-
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 310, which also

constitutes the first magnetic flm 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 reprodiction sensitivity of the

magnetic head due tb the influence of the first magnetic shield

film 400 within a range over which the characteristics .of the
inductive clement 300 are not affected.

The film thicknesses of the magnetic shield films may

be set at, for instance, approximately 1 um for the first

magnetic shield film 400 and approximately 2.5z m for the

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

thicknesses of the imsulating films 510 and 520 may be set
at approximately-1.2 um for the insulating film 510 between
the first magnetic shield film 400 and the MR film 210 and
at approximately 1 um_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




7 structure achieves an inprovenent in the out put—vott-age-by _preventing
deterioration in the reproduction sensitivity. of : netic head due to

the influence of the first magnetic shield film. i nﬁ B cg/er whi ch
the characteristics of the inductive ellgnent_ar"evﬁﬁm AﬁHBE .l he second
magnetic shield filmpositioned toward the side. I ve
element is provided is normally constituted of the first magnetic film of
the Tnductive el eme?&). restrictions whatsoever are imposed by them.

FIG. 3 is a cross section showing another embodiment
of the magnetic head according to the present invention. The
first magnetic shield film 400 includes a first magnetic film
410, a non-magnetic film 420 and a second magnetic film

430. The magnetic fllm 410 and the 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 field 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.
Specific examples of the first magnetic film 410/non-
magnetic film 420/second magnetic film 430 include a laminated
film constituted of a Ni-Fe-Ta alloy / Ta / Ni-Fe-Ta alloy
and a laminated film constituted of a Ni-Fe-Ta alloy / Ta
/ 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 a5 a
two-layer structure comprising the first magnetic film 410 and
the second magnetic film 430 in order to reduce the magnetic



mul tilayer filmstructure in which two magnet i ¢ Thi
each other by a non - magnetic film In that case,

An eff8ctive inplenentation of the first magnétlc Shl il as obd K38 have a

magneti zation of the magnetic filmthaty,is p03|t|o
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magnetic field response filmis set smaller than the saturation
film The saturation
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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 film 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 stabllity of the output reproduction waveform becomes
considerably deteriorated, resulting 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 laminated 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 0.5z m- and the film thickness of the non
-magnetic film 420 is set at approximately 0.3 um, There may
be more than-one set of thls combination of the first
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. In



present invention- wll be understood by those of ordi nary skr I |n t he

art referring to the annexed drawi ngs, given Fhis&h Has
liomtive exanple, in which; FI G 1|sa
magnetic head according to the present 5nvent| FIG 2

I's an enlarged cross section showing in detarl t he structure of. an MR
el ement which may be included in the nagnetic.head shown in FIG 1;

of the

the figure, the same reference numbers are assigned to

components identical to those in FIGS. 1 tr) 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 ather by the

U non-magnetic film 812. 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
lower 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 magnetization of the magnetic field response
fim 211, | |

In this embodiment, too, the advantages that are listed
in reference to FIG. 3 with respect to the second magnetic

shield film 310 (lower magnetic film) are achieved.
FIG. 5 is a cross section showing another embodiment
of the magnetic head according to the present invention. The
same reference numbers are assigned to componénts that are
identical to those shown in FIGS. 1 to 4 and their
explanation is omitted. The embodiment shown in FIG. 5
represerrts a combination of the embodiment shown in FIG. 3

and the embodiment shown in FIG, 4. The first magnetic
ghield film 400 includes a magnetic film 410, a non-magnetic



F'I"G-"'?;'}i'é";éﬁ""éhl'ér"ged ¢ross section showi ng another  exanpl e of an MR-
el ement which may be included in the nmagnetic head showmr —n+FG&6—4—-——
H'G 4 is an enlarged cross section show ng yet anot her | f an MR
el enent which may be included in the magneti ¢ head shown Wﬁ, 1 Replaced
FIG 5 is an enlarged cross section show ng yet another
el enent which nmay be included in the Magnetic head shown
FIG 6 is a cross section of another enbodi ment of the magneti c head
according to the present invention; FIG 7 is an enlarged cross
Iscra]g} L ggdslhgwt ng N filed 3420 ahBCa Stechfid inBghéti@ TIMR S0 The ARUC ndBetRE
film 410 and the second magnetic film 430 are separated from
vach other by the non-magnetic film 420. Of the magnetic
films 410 and 430, the magnetic film 430, which is cléser 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 second magnetic shield film 310, which also
constitutes 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 318, with the
magnetic films 311 and 313 separated from each other by the
on-magnetic film -312. Of the magnetic films 311 ‘and 313,
, the magnetic film 318, 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 influence of the heat treatment process wilich is
an unavoidable part of the fabrication process in manufacturing



magneti ¢ head shown in FIG "6;-

showi ng anot her

magneti ¢ head shown in FIG 6; ' FIG 9 is an enla
show ng yet anot her exanpl e of an MR el enent which rray
magneti ¢ head shown in FIG 6; FIG 10 is an enl

showi ng yet another exanple of an MR éPenent which may be |ncI uded I n

magneti ¢ head shown in FIG 6; FIG 11 is a graph illustrating the

rel ati onshi p between _ _
the inductive element 300, The inductive element 300 is

.y

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 orgénic resin s{lch as Novolak resin.

The MR element 200 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 proyided

on the insulating film 500 formed om 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 laminated onto the first magnetic shield film 400.

FIG. 7 is an enlarged cross 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 compoments

that are identical to those in FIGS. 1 to 6. In the
embodiment, the MR film 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 magnei:.ization
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

FIG 8 i's an enl argedTWSﬁeeLLan
exanpl e of an MR el ement which may be m&%&e@lﬁgﬂen t he

¢ on
n the
ction
t he



9 't-'h-e"'Ta""é'o'ht-'erit in a N~ - Fe = Ta film and t he saturatlon

magneti zati on; FIG 12 is a graph illustrating the relati onshl p
bet ween the Ta content in a Ni- Fe- Ta film and fh@}um{eaméeh laced:

FIG 13 is a graph illustrating the relationship bet

ina N- Fe- Ta filmand the coercivity; FIGWJM

ustrating the rel ationshi ps between gz the C cont

e

i

il
film the H content in a N -Fe-Hf filmand the Rh content in a N|-Fe Rh
fil

m and the

first. magnetic shield film 400 includes a maghetic film 410,

a non-magnetic film 420 and a second magmetic 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 821, a2 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 film 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 1is

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



-sat m‘at"i"O‘-ri"~';"r5r'ég'n:é't-i-'zétioh' ' FIG 15 is a graph |I‘Iuﬁ§3ha¢tH e 1a°°d o
rel ati onshi ps between the O content in a N-Fe-Cr f||Imm ‘
f
u

ikn a Ni -Fe-Hf filmand the Rh content in a Ni-Fe-Rh fil

“saturation perneability; and FIG 16 is a graph illustrating the
rel ati onshi ps between the C content in a Ni- Fe- O film the Hf content
ina N -Fe-Hf filmand the Rh conte® in a Ni-Fe-Rh filmand the
coercivity. BEST MODE FOR CARRYI'NG OUT THE | NVENTI ON:

Referring to FIG 1, the thin filmnagnetic head is provided with an MR
el ement 200 that gstyurafidnaindgre®Adtion 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 aséigned 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 filin 400 includes a magnetic film 410, a non-magnetic
film 420 and a second magnetic film 430. Themagneticfﬂlhs
410 and 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 toQ the magnetic field
response film 211, has a saturation lmagnetizatian that is-ldwer
than the saturation magnetization of the magnetic field
response film 211.
' The second magnetic shield film 321, which also
" constitutes the second magnetic film (upper magnetic film) of
the inductive element 300, includes a magnetic film 321, a
non- magnetic film 322 and a magnetic film 323, and the
magnetic films 321 and 323 are separated from each other by
the non-magnetic film 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.



:.-.'eJ-;‘Egﬁn.t;;:.i-jands.l.an--.:-i-'-hdtjct i ve el ement 300 that.i-s used as a wite el erréht- - “onra -
slider 100. The slider 100 is constituted of a ceram c structure,
and an insulating film 120 constituted of Al1203, SiCZ or the like is

*provided on the base body 110 constituted of Alfgrg h]egqfﬂgge]enge laced
10 TiCor the like. The slider 100 is provided ring
surface (hereafter referred to as the ABS surfacqqn ﬂ

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 formatxon
is performed under the following conditions: with the ultimate
vacuum at a maximum of 5X10°Pa, the vacuum at the t:me
of film formation at approximately 1.2 x 10%Pa, the Ar gas
flow rate at Tsccm, the acceleration voltage of the spuiter
gun at 300V and the ion current at 30mA. It is to be noted
that a magnetic field of approximately 100 Oe is applied when
forming each film. '
The film structure comprises Ta(0. 06 pm) / NiFe (0.
| Yum) / Cu (0.0252m) / Co (0.083m) / FeMn (0.1 um) /
~ | Ta (0. 06 zm). 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 film thus obtained are
2.7% and 0. 5%/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 sputtermg film
formation is performed under the following conditions: the



surface, which faces opposite the magnetic di sk. ‘Slidérs 100 in the Known .
art include a type in which a rail portion is provi dedr}ﬁShsdag@be.{ RépRicddhat

f.aces opposite the nagnetic disk wth the surface of th
constituting the ABS surface, a type in which the surfa |te

the magnetic disk is a flat surface wthout a rail porti

the entire surface constituting the ABS surface, and the Ilke The arrow
(a) indicates the direction in which ai¥ flows out. A first
magnetic shield film400 is |am nated onto the insulating film 120, and

an insulating film300 is |am nated onto the first magnetic shield film
400. The insul ati ngtifddte) vacuum at a maximum of 1x 10Pa , ‘the vacuum at

the time of film formation at approximately 4 X 10"'Pa, the
Ar gas flow rate at 30sccm and the RF power at 1000W. The
relationships between the Ta content and the magnetic
characteristics of the Ni-Fe-Ta film thus formed are shbwn

in FIGS. 11 to 13.
| FIG. 11 is a graph illustrating the relationship between
. ' the Ta content and the saturation magnetization, FIG. 12 is
a graph illustrating the relationship between the Ta content
and the permeability 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 (at%) indicated in the figures and the Ni-18Fe alloy

(permalloy).

First, in reference to FIG. 11, a reduction in the
saturation wmagnetization 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 shght change in the
permeablhty is observed in oonfonnance to various Ta contents.

As explained earlier, if the permeability becomes excessively
small, the function of the magnetic shield film is not entirely
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 relatively high permeability is achieved
while, at the same time, the saturation magnetiiation stays
within a low range in conformance to the teachings learned



.500.i.s. constituted of Al[err]Jerr], .Si. 02 or the-tike: The MR.
el effent 200 i s provided enbedded in the i nsul at;"ﬁ e“’l 1a86he MR

“elenent 200 is provided with an MR film 210 ‘or 220.
.I'nm this structure, the first magnetic shield \mﬂmm S p03|t|oned
-under the MR elenent 200 provided with the MR fi

constituted of a | ow saturation magnetlzatlon mat eri al whose saturatlon
magnetization is |ower than the satur af on magneti zation of the MR film
210. By wusing such a material with a | ow saturation magnetization, it

is possible to increase the reproduction sensitivity of the nmagnetic head

with the influence iapWIG8d by amg fd,rst nagnetic shield film400, which,
in turn, achieves an inprovenent in

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. However, this does not
present any probléms' 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

k_/
film thickness of 1 um and, in order to make a wvalid
comparison, they are all formed through RF magnetron
sputtering. The composition of the Fe- Al‘_Si - alloy in this
example has an atomic ratio of Fe:Al:Sit = 86:5:09.
Table I
Shield film material Saturation Permeability
magnetization (XG) (5MHz)
Ni-Fe— Ta | 6.4 2200
o Ni-Fe
(example for comparisom) - 10.0 1800
Fe-AL-Si 1.0 2000 .

(example for comparison)

In this embodiment, a (Ni- 18Fe)-7. 2Ta alloy film
whose permeability is slightly larger and whose saturation
magnetization is lower than the Ni-18Fe alloy which constitutes

the magnetic field response film 211 of the spin valve film,
is used to constitute the first magnetic shield film 400. It
is to be noted that a heat treatment is performed on this film



-tL.he..aqut.put -voltage.- -. ... - The i.nductive eI errent 300, V\:hl chis pr ovi d.ed
with a first magnetic f|Im310 a second magnetic film 320, a coil film
.330, a gap film340 that may be constituted of "alumna or the Tike, an
.insulating film350 constituted of an organic. ThE8ke& Fay Bk RS ieyol ak resin,
and a protective film360 and the like, is lam ﬂlﬂiﬂ i nsul ati ng

AT

at 300° C at 3kOe for two hours.
Table II shows the output voltages and the PW50 of

film500. In the

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. The measurements were made under identical conditions,
with the MR height at 1.0 x#m, the track width at 2.5«
m, the resistance between electrodes at 40, the sense current

at 8mA and the flying height at 76nm.
Table II

Shicld film material Output voltage P¥S0

{(uVpp) (nm)
Ni-Fe-Ta 950 380
Ni-Fe
{example for comparison) 700 380
Pe~A1-Si
(example for comparison) 650 . 315

W,

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 film can be reduced, resulting in an improvement in
the output wvoltage. In addition, it is verified that no
significant difference is observed in the PW50 of the output



_enbodi, ment. shown . in FIG 1, |n whl ch the |nducj_|_\LeeLenre—nfc——-8€}e s :
"] ami nated onto t he I\/Relerrent 200, the first rragnetrc f|Im3J[ JS referred '
to as a | ower magnetic filmand the second rrag et a cg referred
. to as an upper magnetic filmunder normal ci rrcu ront end

. portions of the first magnetic film 310 and t'he c film 320

constitute pole tips P1 and P2 that face opposite each ot her over the gap
film 340, whose thickness is very snmalb; and Wwite is performed at the

pol-e tips P1 and P2. The first magnetic film 310 functions as a
second magnetic shield filmfor the MR el enent 200 ~The yol ked portions
of the first magnetic,film 310 andth cond nagn fil.m 320 are |inked
with each other sEPredyection waysiorm @rgess of W matenal 18 to

constitute the first magmetic shield 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 400 has an extremely
small saturation magnetization and an extremely small
permeability, its function as a magnetic shield film will
o * naturally not be entirely fulfilied resulting in an increase in
| the PW50 of the output reproduction waveform. Thus, it is
necessary to select a material which achieves an improvement
in the output voltage without increasing the PW50, as in this
embodiment.
Embodiment 2
In order to obtain the magnetic head shown in FIG.
3, a spin valve film identical to that used embodiment 1 is
employed 1o constitute the MR film 210 and, likewise, a Ni-
Fe alloy identical to that used in embodiment 1 is employed
to constitute the second magnetic shield film 310. In the first
magnetic shield film, the magnetic film 410 and the magnetic
film 430 are separated from each other by the non-magnetic
film 420, and the saturation magnetization of the magnetic
film 430 which is closer to the magnetic field response film
211 of the spim valve film is lower than the saturation
magnetization of the magnetic field response film 211.
The film structure comprising the magnetic fllm | 410/
non-magnetic film 420/ magnetic film 430 is constituted of Ni
-Fe-Ta alloy (0.6um) / Ta (0.3 #m) / Ni-Fe-Ta alloy ( 0.



magnetic circuit at the back gap portion which is on the o'pp'os{t'e Si dé_- |
fromthe pole tips P1 and P2. The coil film ms}l&eﬁ}ﬁscﬂemiﬂ&dt he

. insulating film350 in such a manner that it he area where
.the yol ked portions are linked in a coil. NJM’HﬂMM!% u an enl ar ged
" cross section showing the structure of the M- '

thin film 12

ncluded in the
8 ' o

‘6 2m), The Ni-Fe-Ta alloy is a material that achieves a low -
lsaturation magmnetization, as explained above, and its
composition has an atomic ratio of (Ni-18Fe)-7. 2Ta.

As an example for comparisoh, 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.

The Fe-Al-Si alloy is normally used to constitute the lower
. shield. | _
Table IIl 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.

' : . Table III

Shield film material Qutput fluctvation Output voltage
(example for comparison) (example for comparison)

Ni-Fe-Ta two _lnvers 04 1.2

Fe-Al-Si single layer
(example for comparison)

The results shown in Table I confirm that when a Ni
-Fe-Ta alloy with a small saturation magnetization is used to
cohstitute the first magnetic shield film, an improvement in
the output wvoltage 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,



negnet it Head ‘shown i hn'FIG 1 in further detail. The Tirst magneti ¢ Shiel'd
film 400, an insulating film 510, the MR elenent 200, an insulating film

520 and the second magnetic shield film (first nHyiQShdetHa[st eﬁag@d are
sequentially laminated on the base insulating fi I | am nat ed
onto the base body 110. The MR film 210, tes the MR
el enrent 200, may be constituted b$ using: anl sot rop| C

magnetoresi stive film but it is nore desirable to constltute it wth a
spin valve film The I\/Rfilm210 in the figure is constituted of a spin

- valvefilm The spj V, t r : S magneti c
field response fi Pm\@ | rs gr r‘@%ﬁgkb@:ﬂc&f ?‘Qﬁ@ﬁ bela,'r‘{on- magneti c
film212, a pinned 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 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 film and the Rh content in a
Ni-Fe-Rh film 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 a2 Ni-Fe-Rh film and the coercivity.

In FIGS. 14 to 16, the horizontal axis represents the
content (at¥%) of Cr, Hf or Rh that is added with the
remaining percéntage 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. This confiims

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, this 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 6utcome. in which the coercivity is drastically reduced



ferromagnetic film (sécond ferromagnetic film 213 and an anti =~ -~ T
ferromagnetic film 214. It goes without saying that a film St+ructure other
than the firlmstructure described above may be adopt edni,pg t he spi n valve

- film The MR film 210 constituted of the spin vaIHw / /quSRep;aced

formed to have a track width of, for instance, 2. 5 pm ﬂma”%dd
ach

with a | ead conductor 220 at each end. ¥he | ead conduc
provided with a Co-Pt alloy film 221 and an el ectrode film 222 Co -
Pt alloy film221 is provided to inpart negnetic donain control on the"

e ! L% ol SOBRAC R B oBBP10 185 i, 0P 10 2
As has been explained, according to the present
invention, the following advantages are acMe@d. .
(a) An MR magnetic head that achieves an improvement
_ in recording density by absorbing superfluious magnetic flux
and improving the resolution and the high fréquéncy
characteristics is provided.

o (b) An MR magnetic bead with which a high output
voltage is achieved by preventing deterioration in the
reproduction sensitivity due to the influence of the magnetic
shield films is provided.



The spin vatve filmin the figure -has the foliowng” specific film

structure. First,

the magnetic field response film

13 211 is constituted of a NNFe filmwith a filmthickness of
approximately 0. 1 pm Under the magnetic field responsefitm—2t1—a base

filmconstituted of a Ta filmwith a film thickness | I
p mis formed. The non- nmagnetic film®12 is a Cu .fill mjmjﬁ”mmm
t hi ckness of approximately 0. 025 p m The pi nned fe I

CLAIMS

1. A magnetic head including a magnetoresistive
conversion element (200), said magnetoresistive 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) being 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 (810) includes 2 magnetic film (430) whose saturation
magnetization is lower than a saturation magmetization of the
magnetic field response film (211) and said magnetic film
(430) occupies a position in said magnetic shield film (400)
that is close to sald magnetic field res;ponse 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 first magmnetic film and said second magnetic

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

field respohse film ‘has a saturation magneﬁzaﬁon lower than

éaid saturation magnetization of said magnetic field response
film.

This Sheet Has Been RTilaced ,

MR

0. 05
213



i's constituted of 'a NNFe filmwith a filmthickness of = approxi mately O.
p. m The anti - ferromagnetic film214 is constitutw
a filmthickness of approximately 0. 1 pmand is provided w

protective film constituted of a Ta filmwth a fiImM'

approximately 0. 05 p m However, this filmstructure ”mmﬁmm["lc
val ues for the individual filmthickne®ses is given ' pufely hy s On '
exanpl e and does not inpose any restrictions upon the filmstructure or
filmthi cknesses, and another film structure may be enpl oyed. When

the present invention ig q@oa%gﬂeﬁﬁeﬁ&gf NReded to? Lihi 02”% tth the

spin valve filmdescribed aboveé, t i rst nagnetic shi €l m400 is

constituted of a materigq sHARBHORAIHEREOAITRIG | g1 AfagietiWiim! han

"~ the saturation

05
h

positioned closer to said magnetic field response film is less
than 10 kGauss.
4. A magnetic head according to claim 2, wherein:
of | said first magnetic film and said second magnetic
film, 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 film. | '
5. A magnetic head according to claim 4, wherein :
sald saturation - magnetization of said magnetic film
. positioned 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 furtber away from said
magnetic field response film has a saturation magnetization
higher than said saturation magnetization of said magnetic field
response film, :
7. A magnetic head according to claim 1, wherein:
said magnetoresistive film is constituted of & spin valve
film.,
8. A magnetic head according to claim 7, wherein:
sald spin velve film comprises, at least, said magnetic
fleld response film, a non- magnetic film, a pinned
férromagnetic film and an anti-ferromagnetic film;

——

—_———

—_—

. This Sheet Has Boop said magnetic field respomse film and said pinned
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magnet i zation of the magnetic field response film 211. I n the caéé of 't”hé"""""
enbodi ment, since the magnetic field response film

an
th
sh
Rh

'Ni Fe fllm a N -Fe-Ta all oy whose saturation magnet |

an that of the Ni-Fe alloy is used to constitute th Eﬁ D“Emﬂrm“

leld film 400. | nstead of Ta, one of the ot her ele s s
and the |i ke nmay be used.

ferromagnetic film are separated from each other by said non
- ~magnetic film; and _
said anti-ferromégnetic film is coupled to said pinned
ferromagnetic film. _ |
9. A magneﬁc hezid according to claim. 1, including an
inductive conversion element.
10. A magnetic head according to claim 9, wherein:
said ind_uctive conversion element is provided adjacent
to said nmgndmnmkﬁhm 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 as 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 utilized
as said maénetic film of said inductive conversion element
includes a non- magnetic layer, 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 first magnetic film and said second magnetic
film, a magnetic film that is positioned closer to said magnetic
field respomse film has a saturation magnetization that is
lower than a saturation magnetization of said magnetic field
response film. | |
Ty 180 A magnetic head according to claim 12, wherein:

. “i?li‘iiﬁ li’iilﬁﬂi m i
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As ' déscribed ‘above, by using a |low saturation nmagnetization material to
constitute the first magnetic shield film400, it becomw
reduce the influence of the static magnetic field applied the firs
magnetic shield film 400 to the nagnetic field response flmmm ﬂ’ﬂ”

prevent the reversal of magnetization of the magnetic fiegl
211 from attenuating, thereby avoiding asreduction in the sensititvi t«y
the spin valve filmin which the insulating layer 510 is thin and the
magnetic field response film211 is also thin. If, on the other hand, a

i gner than the ' caturat B naafERAbL mikiAREalRR d B "HEREE BB
film211 vere used {RQ0ef 'dioded 16 J;arﬁ{agﬁaﬂﬂehbfd Yospoke 'R 420 1ess
' than 10 kGauss. |
14. A magnetic head according to claim 12, wherein:
of said first zﬁagnetic film and éaid second magnetic
film, a magnetic  film positioned further away from said
magnetic field response film has a saturation magnetization

o lower than said saturation magnetization of said magnetic field
response film,

16, A magnetic head according to claim 14, wherein:
said saturation magnetization of said magnetic film
pogitioned further away from said magnetic field response film
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 saturation magnetization of said magnetic field
response film.
17. 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 also
utilized as said magnetic film of said inductive cbnversion
element includes a non-magnetic layer, 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

—_/,4__’________

eet Has Been Re laced ' of said first magnetic film and said second m e

T



the influence of the static magnetic field apbl- I ed 'by the fi rst'wrrégnét:i C o
shield film400 to the magnetic field response film 211 would be great
enough to.attenuate the reversal of magnetization of the magnetic fiel d

response film 211, resulting in a reduction in the sensitivity

described in Japanese Unexam ned Pat ent Publication ugu

174334/ 1993, if the perneability and the¥saturation mag?r?ﬂm lllll"" ".'m Ium
first magnetic shield film 400 are excessively high; the fragnetfic®fl tix
that should otherwi se be taken into the MRfilm210 will also be absorbed

by the " magnetic shileh,d af imdBnetiodfikhnEhathis pesisiohiedidoser to said rivRawets |
if the perneability is reduced to a considerable extent, its
function as a magnetfiglds vespshde Ifitmyv has a saturation magnetxzatlon that is
' lower than a saturation magnetization of said magnetic field
response film.
18. A magnetic head according to claim 17, wherein:
said saturstion magnetization of said magnetic film
positioned closer to said magnetic field response film is less .
U 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 positioned further away from said
magnetic field response film has a saturation magnetization
lower than said saturation magnetization of said magnetic field
response film. |
20. A magnetic head according to claim 19, wherein:
said saturation magnetization of said magnetic film
positioned further away from said magnetic field response film
is less than 10 kGauss.
21. A magnetic .hea-d 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,

This Sheet Has Been RTlaced
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not be fulfilled sufficiently, resulting in an increase in the

15 PWs0 of the output reproduction wave. Thus, a material with a

conposi tion such that the perneability is relatlvely hi gh, whereas the
-saturation nmagnetization is low, is used to constitute the first- nagnetic
shield 400. Wile an alloy with the conposition described earlier is
enployed in this enbodinent, its conpositionis not limted to this and a

Ni - | 36
MAGNETIC HEAD

ABSTRACT
An MR element (200) includes a magnetoresistive (MR)
film (210), a first magnetic shield film (400) and a second
magnetic shield film (310). The MR film (210) includes at
least one magnetic field response film (211), which responds
to an external magnetic field.. The first magnetic shield film
~ (400) and the second magnetic shield film (310) are positioned
at the two sides of the MR film (210). The first magnetic
shiel.d_ film (400) includes a magnetic film (430), whose
saturation magnetization is lower than the saturation
magnetization of the magnetic field response film (211). The
magnetic film (430) occupies a position that is close to the

magnetic field response film (211).

Fig. 1

Thls Sheet Has Been Re[ilaced




Fe netal alloy such as Ni-Fe-Cr, Ni-Fe-Hf, Ni-Fe-Nb, Ni- Fe-Rh or. the

i ke, a Co-netal anorphous alloy such as a Co -Zr-M, Co-Zr-Nb or the like
may be enpl oyed. The second magnetic shield film 310, which also
constitutes the first magnetic film of the inductive elenment 300 nay be
constituted of a Ni- Fe alloy, as is used in the prior art. As a result,
the output voltage can be inproved by preventing deterioration in the

reproduction sensitivity of the nagnetiW9head due to the influence of the
first magnetic shield film400 within a range over which the

characteristics of the inductive engrrent§ 0 are not affected. The
(11mthcknesses or the manecfdgn Sl g7 Wi my  beser st ror
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N
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nagnetic shield f|In1400 and apprOX|nater 2. 5 p mfor the second =
magneti c shield f|In1(f|rst magnetic film 310. The film thlcknesses ot'“”*

the insulating filnms 510 and 520 rmay be set at approximately - 1. 2 p m
for the insulating film510 between the first magnetic sﬂmeﬂﬁatﬁéh&ﬂ ﬁimwd

and the MR film 210 and at approximately 1 p mfor the |n
520 bet ween the MR filmand the second magnetic shield f|

t hese nunerical values are given only by way of exanple and
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16 ﬁ'c')_' restrictions what soever are inposed by them

cross section show ng another embodi nent of the magnetit—head-according e
to the present invention. The first magnetic shield fil;

4} 00 includes a-
first magnetic film 410, a non- magnetic film 420 and a S Bagng Relde
film 430. The magnetic film 410 and the magnetic film 43 m bd
fromeach other by the non-magnetic film420. O the mag :

I e

FIG 3 is.a

T

and 430, the magnetic film 430, which is closer to the magnetic f
response field 211, has a saturation magnetization that is |lower than the
saturati on magnetization of the magng}gi c field response film211. The

t

saturation magnetization of the nagn

ic film 410 may be_, either smaller

or larger than the saturati on magnet 'mzﬂation of 220 310 )
\ \ 3
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2
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“t he magnet.ic.fiel d response. film211.. Speci fic exanples of the first
megneti.cofilam 410/ Aen----magnetic fil m 420/ second magnetic film 430 include
a~lamnated filmeconstituted of a Ni-Fe-Ta alloy / Ta / N -Fe-Ta all oy

and a lamnated film constituted of a Ni-Fe-Ta alloy / Ta [/ Fe- Al- S
alloy. The Fe- Al- Si alloy is a material that is normally used to
constitute a lower shield and its perneability and saturation

-magneti zation are both larger than those of a N -Fe alloy. The N -Fe-Ta
alloy is enployed because of its |ow saturation magnetization. To
constitute the non-magnetic film420, C or the |ike my be used in place

of Ta. The first nagnetic.shield4kgln1400 Is constituted as a
two-| ayer structure conprising the first gnetic film410 and
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t he second magnetic film430 in order to reduce the nagnetlc
17 field applied by the first magnetic shield film 400 by |ndUC|ng
megneti c coupling between the two layers, i. e., the firdhisS

410 and the second magnetic film 430. Si nce nagnet ]
I's not inplenented on the first magnetic shield f|In1400

magneti zati on behavior nmay becone a source of noise. In the enbodlnent
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the flrst nagnetlc shleld film 400

each other via the insulating film510. Therefore,

subj ected to the influence of the

and the MR film210 are adjacent to

if the NFLIlInlzlo is’
magnetic field applied by the first——

magnetic shield film 400,

the stability of the output reprodUlhisiSEdt Has g

wavef orm becones

resulting in an i

noi se.

By constituting the first magnetic shield film

t he non-nmagnetic film 420 and the two | ayers,

i. e, the first

film410 and the second magnetic film 430, which

consi derably deteriorated, WM

een Replaced

1] II

si des of the non-magnetic film 420, .
410 and the s
di scussed above is sol ved.

the first magnetic film
probl em

are lamnated at the two
mefgfflet i ¢ coupling is induced between

nd nagneti i1 m430. Thus, the
Th‘ﬂf éz%b
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gnettc fl ] m410 and the second. magnetlc Fil m430 are both at
apprOX| mately 0. 5 p mand the filmthickness of the non -magnetic film
420 is set at approximately 0. 3 p m There may be nore than one set of
‘this conbination of the first magnetic film 410, the second magnetic film
430 and the non - magnetic film 420. FIG 4 is-across-sectionm
showi ng anot her enbodi nent of the magnetic head accordlﬁgstjeetﬁas%egnr

i nvention. In | “II III" lTiaced |
719 | '

12 -
10 ¢

Saturation magnetization (kGauss) -

0 4 8 12
Ta content (at%)
a conten . FIG. 11

v (Sl
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Permeabi ity
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Ta content (at%)

FIG. 12



18 f{he flgure the sane reference nunbe%e ‘are assrgned to ”'thponents

identi‘cal "to those in"'FIGS. 1 to 3 and their explanation is omtted. This

~efrbodi ment is characterized in that the second magnetic shiel'd fi.lm 310
constituting the first magnetic film (|l ower magnetic filn of the .

I nductive el enent 300 includes a magnetic film 311, a non- magnetic film

312 and a magnetic film 313 and that the magnetic film 311 and t he

magnetic film 313 are separated from each other by the non- magnetic film

312. O the magnetic filnms 311 and 313, the magnetic film 313, which is
closer to the magnetic field respo

qﬁg film211, has a—saturation
magneti zation that is |ower than the“Saturation nagnet& gghgﬁwg
magnetic field response fil mgkaasy Bxiss desirable to 'sé ail

O :hard axis

i
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magneti zati on of- the first- magnetic shield film 400 smaller than the
saturation magnetization of the magnetic field response film211.
=In this enbodi nent, too, the advantages that are listed in reference to
FIG 3 with respect to the second magnetic shield film 310 (| ower magnetic
film are achieved. _ FIG 5 is a cross section show ng anot her
enbodi nent of the magnetic head according to the present invention. The
sanme reference nunbers are assigned to conponents that—are-—identical to
those shown in FIGS. 1 to 4 and the®® explanation is gnitted. The o
enbodi nent shown in FIG 5

represents a conbi nation ;o
showmn .in FIG 3
shield film 200l 000D,

hi et i1 _
t he enbodi nent shown in FIG 4. Thel
des a magnetic filemwao, a non- magn m
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19 T1A m 420 and a second magnetic film 430. The f
and;the. second magnetic film 430 are separ at ed fr(

pagry aaat i 'FJ ]
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non- rragnet ic film420. Of the magnetic films 41( gn’a"sfﬁét‘m% hﬁaé?ﬁ%hetpl g;;ged?.?

film 430wl
sat ur at
of the

@) fi | paged
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TECHNICAL FIELD
The present invention relates to a magnetic head which

is employed in a magnetic disk apparatus.

BACKGRQUND 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

\ below a magnetoresistivé (MR) element wvia an insulating

layer. These magnetic shield films absorb superfluous magnetic

flux,  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 discloses a manufacturing method in which an 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 permeability, a high /_saturation magnetization and a high

degree of hardness. In addition, among amorphous soft




Fhe .gecond magnetic shield film 310, which al

magnetic film (lower magnetic film of the inducti
a magnetic film 311, a non - magnetic film 312 apdfa

with the

film313, which is closer to the magnetic field
saturation magnetization that is |owe2 than the saturats

of the mgnetigobleld i £SAISEChl W teroup omarBhe Spllefigtd TR0

show ng anot her “enbodi men

ccordin

ection
esent

invention. In gqtfg 30Uy GHE AR HFLCkABAA HETDEL oRLEraASS A itk O

permeability. For instance, Japanese Unexamined Patent
Publication (KOKAI) No. 258323/1986 discloses én example in
which a soft magnetic laminated film constituted by laminating
a Co— Zr amorphous alloy and a Ni-Fe alloy is used fto
constitute a magnetic shield fﬂm.
| Japanese Unexamined Patent Publication ( KOKAI) No.
174334/ 1993 discloses a magnetic_ shield film which is
characterized by the fact that its permeability is smaller than
that of the MR film. If a shield material with a high
permeability is used, since the magnetic :shield film would
absorb the magnetic flux which should normally be taken in
by the MR f{ilm, the reproduction sensitivity is reduced. The
magnetic shield film disclosed in the publication constitutes
a means for pfeventing this, and it is constituted by wusing
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 becomes
necessary to provide a higher degree of sensitivity in the MR
element. |
Anisotropic magnetic thin films constituted of Ni-Fe

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



conpopents th

tthi s ‘enbodi ment is that the MR el ement 200 is | ami naj?
i nductive elenent 300. Wth such a structure, since

can be fabric
does not cone
an unavoi dabl.
20

at are identical to those shown in FIG 1 The ~Feature of

ated after the inductive el enent 300, tjh

mmmwesnap

0

2(
under the influence of the heat treat t pngQ
e part of the fabrication process in nman{if ac

3 \"\—.

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 films, particularly keen intérest 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, Phys1ca1 Review
B Volume 43, page 1297, 1991, Journal of Apphed Physics,
Volume 69, page 4, 774, 1991 and Japanese Unexamined

Patent Publication (KOKAI) No. 358310/ i992.
A spin valve film normally has 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 magnetization of the free ferromagnetic layer
. rotates freely under the influence of an external magnetic field,
which achieves an anti-parallel state of magnetization and
“results 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

hiis

e st |



i 34"' sl Vi ™
t.he ignductive el ement 300. The inductive el ement 300 ié“iié%g-%-t-MLE 1}
formng the first magnetic film (lower magnetic fil 10 within an
i ndebt ed portion formed in the insulating film 120 ahd|t & JUN 1997 ng t he
second magnetic film (upper magnetic film 320, a coflLliilm 330, the dap
film340 constituted of alumina or the like and the fnsulating fiTm"350
constituted of an organic resin such as Novol ak resi ===~ . .The MR i
el ement 200 uses the upper nagnetic fi#Bm 320 of the inductive el ement 300
as its second magnetic shield. filmand has a structure in which an MR
film210 i s pcharadgristics ohdbiensmagnatin shield sdmst epndhe orerrrdustiosnd

magneti c shield film 320 and the first magnetic shield film_ 400 is
' - sensitivity and the reproduction waveform of the MR element

- can no longer be disregarded. This problem becomes even
more pronounced as the recording density increases and the
insulating layer becomes 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 magqetic field,
is smaller than that of a regular anisotropic maghetoresistivé
film and, consequently, the influence of the static magnetic
fields of the magnetic_: shield films also bécomég significant.
Since no -magnetic domain control is implemented on the
magnetic shield films: the magﬁetic fielids' applied by the
magnetic shield films adversely affect the stability 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 improvement 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
provide 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 objects described above, the



l-am nated onto the insulating film500. A protective f“gﬁ‘gar

| am nated onto the first magnetic shield film 400. i
enl arged cross section showing the structure of the el ement 200
included in the thin film magnetic head shown in FIG| § ige JUNONT ddt 4l .
In the figure, the sane reference nunbers are assigngd lto conponent hat
are identical to those in FIGS. 1 to 6. In the enbodijremnts I 'm;210
is constituted of the spin valve films which has been} expl ai ned i-n. e
reference to FIGS. 2 to 5. The first magnetic shield T1Tm 400 has a
saturation nugagnietin ikead haccardingwse thenpresendadnvantion naghedes agi on

of the magnetic field response film211. Such a first magnetic shield film
400 has al r eadpagmetorssistanced. effect type magnetic conversion element

(hereafter referred to as an MR element). The MR element
comprises a magnetoresistive film (hereafter referred to as an
MR film), a first magnetic shield film and a second magnetic
- | shield 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 magnetic 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 élose to the magnetic field response film.

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 film 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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according to the present invention. The :
first magnetic shield film 400 includes a nagn ticm'slyvﬁé%g
maghet i
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non- magnetic film 420 and a second magnetic film 43§.
410 and 430 are separated by the non- nmagnetic fil
films 410 and 430, the magnetic film 430, which is

field

6

the 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 s_hield film is prevented, to improve the output
voltage.

The magnetic film whose saturation | magnetization is
lower than the saturation ma_gnetizat_ion of the magnetic field
response film included in the MR film may be provided at
either the first magnetic shield film or the second m?.gnetic
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 film such as a spin

valve film.
In addition, in a combined type magnetic head that
employs an MR element for a read element aﬁd an inductive
element for a write element, the structure in Whiéh é 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 opi)osite side is normally adopted.
In such a structure, the saturation magnetization of the first
magnetic shield film is set smaller than the saturation

magnetization of the magnetic field response film. This

to the magnetic



rgsponse film 211, has a saturét I on magneti zation tIR:F{PLAQEW SHE&én t he

saturation nmagnetization of the magnetic field regpgnse fiIm211.E'e

saturation magnetization of the magnetic film 410 |mgy 9& ?UNW-, S | er or
| arger than the saturation magnetization of the msgqetic leld ref$popnse
film 211. FIG 9 is a cross section show rjg anot mer—embodr nent

of the magnetic head according to the present inverldtion. In the figure,

t he sane, reference nunbers are assigned to conponents that are identical
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preventing deierioration 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 the
- inductive element are not affected. The second magnetic shield
film positioned tpward the side where the inductive element
is provided is normally constituted of the first magnetic film
of the inductive eiement.
An effective implementation of the first magnetic shield
film may have a multilayer film structure in which two
magnetic films aré 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 film 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 film.

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 referriné to the annexed drawings, given purely

by way of non-limitive examplé, in which; _

FIG. 1 is a cross section of f:he magnetic head

according to the present invention;
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aqnsti puting the upper magnetic filmof the inductivp&iiescEMENTSHEET

i ncludes a magnetic film 321, a non-magnetic film 32 Iqd film
323 and that the magnetic film 321 and t he magnetifc

separated from each other by the non- magnetic fil mj ngtic
films 321 and 323, t he magnetic film 323, which id netic

field response film 211, has a saturation magnetidation that is | pwer

e

than the saturation nmagnetization of téhe magnetic field responsef+4 m

211. The saturation magnetization of the first magneti ¢ shie|ld éi | m 400
is preferably small eFlfhad tifean 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 enlafged cross section showing another
example of an MR element which may be included in the
- magnetic head shown in FIG. 1;
- . 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. 1;

FIG. 5 is an enlarged cross section showing yet anotl.her
example of an MR element Which may be inéluded 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. 7 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. 6;

FIG. 8 is an enlarged cross section 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 showing 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 included i_n

the magnetic head shown in FIG. 6;

FIG. 11 is a graph illustrating the relationship between



22 saburation magnetization of the magnetic field rg¢ m R
FIG 10 is a cross section show ng anot her enbodi nment 4l m

head according to the present invention. The same f[ef}erence nunber. re
assigned to conmponents that are identical to thosg ph@p JUN9OFI GS.] 1 to
9 and their explanation is omtted. The enbodi menf phown in FIG {10
represents a conbi nati on.of the enbodi nent shown in FIG 8 and~the
enbodi ment shown in FIG 9. The first n#&gnetic shi®ld. film 400 inclddes a
magnetic film 410, a non- magnetic

the Ta content in a Ni-Fe-Ta film and the saturation

U

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 é 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
saturation magnetization;
FIG. 15 is a graph illustrating the mlaﬁor;éhips between
the Cf content in a Ni-Fe-Cr fil_m, the Hf content in a Ni
-Fe-Hf film and the Rh content inl 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-Hf 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 ahd 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 ALQO;, SiO, or the
like is provided on the base body 110 constituted of ALO, -
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fi1m 420 and a second magnetic film430. The magnetic fi g, .- 3 ey
are separated from each other by the non- magneti c fi[l' . i
magnetic films 410 and 430, the magnetic film 430, igh is closer to ;
the magnetic field response film211, has a saturatio dhBtIunn9gm | hpt
Is | ower than the saturation magnetization of the magnetic field
response film 211. The second magnetic shield Jfilm 321, wWirth

al so constitutes the second magnetic fiol m (upper magnet+e—~iluy_of the

i nductive el enent 300, includes a magnetic film 321, a non- nagnetic film
322 and a nmagidefi or fiHemlikk23 Thendlidee 10fagsepriovided nwitd? hraradr 3B&ardng
separated from each other by the non-magnetic film 322. O the nagne
filnms 321 and 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 constituting the-- ABS
surface, a type. in which the surface facing opposite tl_le
ma_gn'étic disk is a flat surface without a rail portion, with
almost the entire surface constituting the ABS surface, and the
like. The arfow (a) indicates the direction in which air flows
out. _ _
A first magnetic shield film 400 is laminated onto the
insulating film 12!0, and an insulating film 500 is laminated
onto 1‘:he ﬁrst magnetic shield film 400. The insulating film
500 is constituted of AlQs, SiO; or the like.
The MR element 200 is provided embedded in the
insulating film 500. The MR element 200 is 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 magnetization 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

tic



823, the magnetic film 323, which is closer to the W&Eg}qjﬂ@w}ﬁﬂ'ﬁgﬁﬂﬁﬁ
film211l, has a saturation magnetization that is | ope Lllolll trre-set
magneti zati on of the magnetic field response film 2

23 The enbodi nents shown in FIGS. 6 to 10, tjpo} Q(;PliJmm7
advantages simlar to those achieved in the enbodi mgnt shouwn in B q
to 5. Next, enbodi nents of the present

ponse
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the output wvoltage.
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 350 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. .1, in which the inductive element
300 is laminated onto the MR eleme1_1t 200, the first magnetic
film 310 is referred to as a lower magnetic film and the
second magnetic film 320 is referred to as an uﬁ'per magnetic
film under normal circumstances. The front end portions of
the first magnetic film 310 and the second magnetic film 320
constitute pole tips P1 and P2 that face opposite each other
over the gap film 340, whose thickness is very small, and
write is perférmed 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 first magnetic film 310 and the second magnetic
film 320 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 formed on the insulating film 350 in such a manner that
it winds around the area where the yolked portions are linked
in a coil.

F IG.. 2 is an enlarged cross section showing the

structure of the MR element 200 included in the thin film



Jd.nvention including their manufacturing nethods are e
Enbodi nent 1 In order to obtain the magnetic . ,
the spin valve film which constitutes the MR fil m 230, ?-) ﬂé’% ugh
i on beam sputtering. The filmformation is perfornme nde t"

conditions: wth the ultimte vacuumat a maxi nrumo

vacuumat the time of filmformation at approximately 1. 2 X 10[err] P

the Ar gas flow rate at 7sccm the accH eration vol tage of the sputter

gun at 300V and the ion current at 30mA. It is to be noted that a nagnetic
field of approsgnatic| yhendo sbownr appFiled \Whdn fhothemgletath fThen first

magnetic shield film 400, an insulating film 510, the MR
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element 200, an insulétirig 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 the MR element

200, may be constituted by wusing an anisotropic
magnetoresistive film, but it is more desirable to constitute 1t
with a spin wvalve 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
ferromagnetic film) 211,i a non-magnetic film 212, a pinned
ferromagnetic film (second ferromagnetic film) 213 and' an anti
—ferrom__agnetic film 214. It goes without saying that a film
structure other than the filn.1 structure described above may
be adopted for the spin valve film.

The MR film 210 constituted of the spin wvalve film is
formed to have a track width of, for instance, 2.5 um, and
is provided with a lead conductor 220 at each end. The lead

. conductors 220 are each provided with a Co-Pt alloy 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 film 211 of the spin valve film by applying a
bias magnetic field to the spin valve film.

"The spin valve film in the figure has the following

specific film structure. First, the magnetic field response film



the fidmstructure conprises Ta (0. 05 p m / N Fe (0. REE%A EMEMISI-EET 25
pm/ C (0. 03 m / Fewvn (0,1pm/ Ta (0. O5 p m. [This filmstrucfufe
has been explained in detail in reference to FIG 2. |The OB dUNrgey f ficl or
and the magnetic field sensitivity of the MR filmthysjobtained are {2 7%
and 0. 5% Ce respectively. The second magnetic shield{film 310 rs ‘
constituted of a Ni- Fe alloy filmforned through a plating-nmethqd, It is
a pernmalloy alloy with a conposition of 18- 18Fe. The first
magnetic shield film400 js formed through, RF magnetron spuyttering. The RF
magnet ron sput4 kY i ¥y qomskituted nafi anNikepdlapr Wl vad h‘ﬁ‘ﬂﬁ]épﬁﬁvi o

conditions:” the . L )

. approximately 0.1 zm. Under the magnetic field response film

211, a base film constituted of a Ta film with a film
thickness of approximately 0. 05 £z m is formed. The non-
magnetic film 212 is a Cu film with a film thickness of
approximately 0. 025 x m. The pinned ferromagnetic film 213
is constituted of a NiFe film with a film thickness of
approximately 0. 05 u m. The anti-ferromagnetic film 214 is
constituted of a FeMn film with a {ilm thickness of
approximately O. l.u m and is provided with a protective film

constituted of a Ta film with a film thickness of
approximately 0. 05 zm. However, this film structure with the

specific values for the individual film thicknesses is given
purely by way of example and does not imposg any restrictions
upon the film structure or film thicknesses, _and another film

structure ﬁay be employed. |
When' the present invention is adopted in the MR film

210 provided w1th ‘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 lower 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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and the magnetic characteristics of the Ni- Fe- Ta [fifl n¥t
shown in FIGS. 11 to 13. FIG 11 is a graph i
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rel ati onshi p between the Ta content and the sat urat I on rragnet I zat i 0

FIG 12 is
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As described _ 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 magn‘etié field response film
211 from attenuating, thereby avoiding a reduction in the
sensitivity, in the spin valve film in which the insulating layer

510 is thin and the magnetic field _résponse film 211 is alsb
thin. If, on the other hand, a high saturation magnetization

material whose saturation magnetization is h1gher than the-

saturatmn magnetlzatlon of the magnetic field response film 211

were used to const1tute the first magnet1c shleld film 400,

time

nt ent
re

the influence of the static magnetic field applied by the first

magnetic shield film 400 to the magnetic field response filr_n
211 Woula be gréat 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 Publication

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

magnetization of the first magnetic shield fiﬁn 400 are
excessively high, the magnetic flux that should otherwise be
taken into the MR film 210 will also be absorbed by the
magr__letic shield film, reducing the sensitivity.
However, if the permeability is reduced to a
considerable extent, its function as a maghetic shield film will

not be fulfilled sufficiently, resulting in an increase in the



a graph illustrating the relationship between the Ta

pernmeability and FIG 13 is a graph illustrating the ) en
the Ta content and the coercivity. In FIGS. 11 to 183, Ltiforfs
are achieved with the Ta contents (at% indicated ijn and {t he
Ni - 18Fe all oy (permal | oy). First, in refgren

reduction in the saturation magnetlzatlon is observed as the Ta conte t

i ncreases. Consequently, it is possiblé5to control the saturafion -

nagneti zation_t hrough adjustnment of the Ta content. Next, as shovvn

in FIG 12, aP¥5Qhef cthengaitbutt reprogectioabmavey Thushs er weaterialc onithr mance
to various Ta contents.

a composition such that the permeability is relatively high,
whereas the saturation magnetization is low, is wused 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 mefal 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 310, which also
constitutes the first magnetic film, of the mductlve element 300
may be constituted of a Ni-Fe glloy, 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
film 400 within a range over which the characteristics of the
inductive element 300 are not affected.

The film thicknesses of the magnetic shield films may

be set at, for instance, approximately 1 um for the first

magnetic shield film 400 and approximately 2.5 uzm 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 ym for the insulating film 510 between
the first magnetic shield film 400 and the MR film 210 and
at approximately 1 gm for the insulating film 520 between
the MR f{ilm and the second magnetic shield film. However,

these numerical values are given only by way of example and



As expltained earlier, if the perneability beconmes excessiv IRE ENTESHEE’.«’";
function of the magnetic shield filmis not entirely fulfyl i
in an increase in the PW0 of the output reproduction wavg.
the Ta content is selected at a value such that r
perneability is achieved while, at the sane tine, the saturatlon
within a | ow range in conformance to 'the teachi ngs

reason,
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no restrictions whatsoever are impoéed by them.

FIG. 3 is a cross section showing another embodiment
of the magnetic head according to the present invention. The
first magnetic shield film 400 includes a first magnetic film
410, a non-magnetic film 420 and a second magnetic film

430. The magnetic film 410 and the magnetic film 430 are
separated from each other by the non-magnetic fﬂm 420. Of
the magnetic films 410 and 430, the magnetic film 430, which
is closer to the magnetic field response field 211, has a
saturation magnetization that is lower than the saturation
magnetization of , the magnetic field response fiiin 211. The
saturation magnefization of the magnetic film 410 may be
either smaller oriilarger than the saturation magnetization of
the magnetic field response film 211.
Specific examples of the first magnetic film 410/non-
magnetic film 420/ seqbnd m_agnetic film 430 include a laminated
film constituted of a Ni-Fe-Ta alloy / Ta / Ni-Fe~Ta alloy
and a laminatéd film constituted of a Ni-Fe-Ta alloy / Ta
/ Fe-Al-Si alloy. The Fe-Al-Si alloy is a material that is
normally used to constitute a lower shield and its permeabiiity
and saturation magnetization are both larger thén 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 magnétic
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kn FIGS. 11 and 12. As for the coercivity, it ten JLQ‘QEWeSHEE

the Ta content increases, as shown in FIG 13. This is hof a desirable
tendency for a magnetic shield. However, this does not re @Iﬁ-hm/ww

probl ens what soever in practical use. Tabl e | shovi the magneti g
characteristics of a Ni-18Fe alloy and an Fe- Al - Si ‘all oy, I C ] i

normally used for shi el ds for t he purpose of conparison--All the fil
have a. filmthickness of 1 m and, inorder to make a valid corrparl S

they are all foqrned througtz RF magnetron sputteri
the Fe - A - Heldyarpliadi by

| ithe &rahﬂnégﬁgfsc afhigld rrgknr 400 ooyt inklucing:
86: 5 0.

magnetic 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
beha}vior 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 film 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 _wavé%’orm becomes
considerably deteriorated, resulting 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 laminatéd at the two sides of the non-magnetic film 420,
- magnetic coupling is induced between the first magnetic film
410 and the secdnd 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 um and the film thickness of the non
-magnetic film 420 is set at approximately 0.3 xm. There may
be more than- - one set of this combination of the first
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. In

TTB
on

The conposition of

Si
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In this enbodinent, a (N - 18Fe) -7. 2Ta alloy i se
pernmeability is slightly Ilarger and whose saturation nagnetizati 0

| ower than the Ni- 18Fe all oy which condfitutes

the-magnetic. field..’
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components identical to those in FIGS. 1 to 3 and their
explanatioﬁ is omitted. This embodiment 1is 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
non-magnetic film 312. Of the magnetic films 311 and 313,
the magnetic film 313, which is closer to the magnetié field
response film 211, has a saturation magnetiz;tion that is
lower than ;:he 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 magnetization of the magnetic field response

film 211.

In this embodiment, too, the advantages that are listed
| in reference to FIG. 3 with respect to the second magnetic
shield film 310 (lower magnetic film) are achieved.

FIG. 5 is a cross section showing another embodiment

- of the magnetic head according to the present inveéntion. 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
repreéents 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



;1,5 to*be noted that a heat treatnent is perfornmed on thi

26 ‘at 300[err] C at 3kCe for two hours. Tabl e Ifl
vol tages and the PWh0 of the output voltage waveforns off e
enploying the N -Fe-Ta alloy filmas in the enbodi nent, [a“}

an Fe-Al -Si

nmeasur enents were nade under i dentical conditions, e

alloy to constitute the first magnetic shleld f|Im 400
19
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 magnetization
. of the magngtic 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 311, a non

- magnetic film 312 and a magnetic film 313, 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 313, 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 é 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 inﬂuénce of the heat treatment process which is

an unavoidable part of the fabrication process in manufacturing




W th the MR height at 1. 0 p m the track width at 2. Rﬁf’“ EM&%SHEET

resi stance between el ectrodes at 40 [err], the sensefcyrrent at SmA]ap
the flying height at 75nm &8 $uNh997 Shi g1 d
filmmateri al Qut put vol tage PW50 : .
(pVp-p) (nm) N -Fe-Ta 950

380 Ni - Fe _ 700 ... 380 (exanple for
conparison) Fe-Al-Si. (exanple for con®ari son) ~The resul tS Shown

in FIG 2 indicate that by using a N - Fe- Ta alloy filmwhose saturation
magneti zati on the | @Rictive element 300. The inductive element 300 is

constituted by forming the first magnetic film (lower magnetic
film) 310 within an indehted 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 alumiﬁa or the like and the insulating film 350
constituted of an organic resin such as Novolak resin.

The MR element 200 uses the upper magnetic film 320
of the inductive element 300 as its second maghetic shield
film and has a structure in which an MR film 210 is provided
on the insulating film 500 formed on the sec'-f)nd magnetic
shield film 320 and the first magnetic shield film 400 is
laminateld onto the insulating film 500. A protective film 600
is laminated onto the first magnetic shield film 400.

FIG. 7 is an enlarged cross section showing the
structur'e 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 film 210 is constituted of the spin valve
| film, which has been explained in reference to FIGS. 2 to
5. The fifst 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 i_s a cross section showing another embodiment

of the magnetic head according to the present invention. The



;thansthat of the Ni- Fe alloy, at less than 10 kGau . TSt e the
“first magnetic shield f|Im4%0 t he influence of R@Eﬁmm L
field inparted by the first nagnetic shield film400 to the magnhe}i
field response film211 of the spin valve filmca eg dmdggfekutlng
in an inprovenent in the output voltage. In additio It 1s verif t hat

no

Si gnlflcant difference is observed in the PWO0'of™ t’hé output-

27 reproduction waveformregardl ess of 2which material is used to

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 thé
saturation magnetization of the magnetic field response film
211.

FIG. 9 is a cross sect?on 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 explanatioﬁ 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 film 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



,constitute the first magnetic shield film conf i‘rRﬁMGEMENT : nction as
a magnetic shield filmis fulfilled. It |s e noted that since,
"if the material used to constitute the first magngtices|inghgd7r i 400 has
an extrenely small saturation nmagnetization and}a e@?remaly snpl
perneability, its function as a magnetic shield flil ' urally not be
entirely fulfilled resulting in an increase in tlhe PWO0 of the oufput
reproduction waveform Thus, it is @2cessary to sefect™a material which
achieves an inprovenment in the output voltage w thout increasing the PWO,
“as in this sathodtivent magnetizatidinbofli thent magnetic fieldn msa@nseo%dm.ai n the
magneti c heagllshown in FIG )

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 embodir_nent 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
filrp 420 and a second magnetic film 430. The ﬁiagnetic films
410 and 430 are separated from each other by the non-
maginetic filn'!l 420. Of the magnetic films 410 and 430, the
magnetic film 430, which is closer tgo the magnetic field
response film 211, has a saturation magn_etization that is lower
than the saturation magnetization of the magnetic field

response film 211.'
The second magnetic shield film 3821, which also
constitutes the second magnetic film (upper magnetic film) of
the inductive element 300, includes a magnetic film 321, a
’ non- magnetic film 322 and a magnetic film 323, and the
magnetic films 321 and 323 are separated from each other by
the non-magnetic film 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.



:3, a spin valve filmidentical to that used enmbodi nEht LA et to
constitute the MR film210 and, |ikewise, a Ni- F '
used in enbodinent 1 is enployed to constitute thg
film310. In the first magnetic shield film the
magnetic film430 are separated from each other b
420, and the saturation magnetization of the magnel] igh is
closer to the nmagnetic field response fibm 211 of the ST v '
| ower than the saturation magnetization of the nagnetic fleld response

film211. T idnibSdibtsitd" SheRBPin SFIGS ! e tergoet td‘o figlcBi &/
non-magnetic film 420/ magnetic film430 is constituted of N

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 spuftering. The film formation
is performed under the following conditions: with the ultimafe
vacuum at a maximum of 5X10°Pa, the vacuum at the time
of film formation at approximately 1.2 X 10'2Pa“-,. the Ar gas
flow rate at 7sccm, the acceleration voltage of the sputter
gun at 300V and the ion current at 30mA. It is to be noted
that a magnetic field of approximately 100 Oe is applied when
forming each film. .
The film structure comprises Ta (0. 05 y____m) / NiFé (0.
1um) / Cu (0.025xm) / Co (0.03xm) / FeMn (0.1xm) /
Ta (0. 05 ¢z 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 film thus obtained are
2.7% and 0. 5%/Oe 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



wFe-T& alloy (0. 5pm / Ta (0. 3 pmM / N-Fe-Ta alloy ( O.
28 5 pnm. The Ni- Fe- Ta alloy is a material that achieves a | ow

saturation nagnetization, as explai ned above, and its conposition has an
atomic ratio of (N -18Fe) -7. 2Ta.
magnetic head provided with a first magnetic shield film400 constituted
a single layer film forned of an Fe-Al-Si alloy was prepared.

of
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ultimate vacuum at a maximum of 1X10*Pa , the vacuum at
the time of film formation at approximately 4 X 10'Pa, the
Ar gas flow rate at 30sccm and the RF power at 1000W. The
relationships between the Ta content and the magnetié
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 content and the saturation magnetization, FIG. 12 is
a graph illustrating the relationshii) between the Ta conteni:
and the permeabilit_y and FIG. 13 is a graph illustrating the
relationship between the Ta content and the -Eoercivity. In

F?GS. 11 to 13, the composiﬁons are achieved with the iTa
contents (at% 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 conformance to various Ta contents.

As explained earlier, if the permeability becomes excessively
small, the function of the magnetic shield film is not entirely
fulfilled resulting in an increase in the PWbH0 of the output
reproduction wave. For this reason, the Ta content is selected
at a value such that_ a relatively high permeability is achieved
while, at the same time, the saturation magnetization stays

within a low range in conformance to the teachings learned

As an exanple for conparison,

a



The Fe*Al-Si alloy is normally used to constitute tfREnl OWET ot b

Table Il shows the output fluctuation and the out rREPLR@f%JESU hgneti c
heads enpl oying the first nmagnetic shield films degcri bed above. | The
measur enents were nade under i dentical mneasuring{cendy s SR 997 t hope in
enbodi ment 1. Table 111} $hield filmmajefial
Qut put fluctuation : Qut put vol tage TexXanpl e for
comnpari son) (exanpl e for conparison) N5 Fe-Ta ﬂm lavers 0.4
1.2 Fe-A-Si single layer (exanple for conparison) 1 The
resul ts shown {p fghke hi! oaanfiior m that when a Ni

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. However, 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 pur;iose of comparison. All the films have a
film thickness of 1 £ m and, in order to make a valici
comparison, they are all formed through RF magnetron
sputtering. The composition of the Fe- Al-Si -élloy in this

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

Table I
Shield film material -‘Saturation _Permeability
magnetization (KG) (5Miiz)
Ni-Fe— Ta _ 6.4 2200
Ni-Fe
(example for comparison) - 10.0 1800
Fe-Al-Si 1.0 2000

(example for comparison)

In this embodiment, a (Ni-18Fe)-7. 2Ta alloy film
whose permeability is slightly larger and whose saturation
magnetization is lower than the -.Ni- 18Fe alloy which constitutes
the magnetic field response film 211 of the spin valve film,
is used to constitute the first magnetic shield film 400. It

is to be noted that a heat treatment is performed on this film



-Fe-Td alloy with a small saturation magnetization is usadmt.-o..._..,‘.__Q_ug_n_st itute

the first magnetic shield film an inprovenent in the oyRpiEt ¥R \@
achieved in addition to achieving a reduction in the oufp ?E‘!.}i*’i'ma% EET
Simlar results are achieved even when the Ta in the Nf-fFe- Ta film |s
repl aced by another el ement such as Cr, 05 JUN 1997
29 Hf, Rh or the like. This point is explained bel ow. _
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at 300° C at 3kOe for two hours. i

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. The measurements were made under identical conditions,
with the MR height at 1.0 g m, the track width at 2.5 u

m, the resistance between electrodes at 40, the sense current

at 8mA and the flying height at 75nm. .

Table II
Shield film material Output voltage PW50
(uVp-p) (om)
Ni-Fe-Ta 950 380
Ni-Fe
(example for comparison) 700 380
Fe-A1-Si 650 T 575

(example for comparison)

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

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

R than that of th'e 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 film can be reduced, resulting in an improvement in
the output voltage. In addition, it is wverified that no

significant difference is observed in the PWS50 of the output



FIG. 14 is a graph illustrating the relationshi ps betwe
inaN- Fe- Cr film the Hf content in a N -Fe-H fill
content in a Ni-Fe-Rh filmand the saturation nagneti
graph illustrating the relationships between the C c¢nfje
- O film the H content in a N- Fe- HH filmand th
Ni -Fe-Rh filmand the perneability and FIG 16 is a gr
rel ati onshi ps between the Cr content in2a N -Fe Cr fi
Ln a N -Fe- fllgandtheRh cont ent Fe- Rhfl| .and ta

coercivity. reproductionrwayvefprm jreggrd i%@ ﬁ ?ﬁla‘inaﬁ%lg riSplisednte t he

cont ent at 9 Hf . or that is, ad h the
' ( /()const%:crute the fl;'Rgt magnetic s 1e dwfglm conf1rm1ng that its

(r)él FIG 15 is}a
S W JUN g Fe
nt in
h illustrating:the
mthe-Hf...cont erit

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 400 has an extremely
small saturation magnetization and an extremely -small
permeability, its function as a magnetic shield f{ilm _Will
naturally not be entirely fulfilled resulting in an inérease in
‘the PW50 of the output reproduction waveform. Thus, it is
necessary to select a material which achieves an improvement
in the output voltage without increasing the PWEO, as in this
embodiment.-
Embodiment 2 |
In order to obtain the magnetic head shown in FIG.
3, a spin valve film identical to that u_sed embodiment 1 is
employed to constitute the MR film 210 and, likewise, a Ni-
Fe alloy 1dent1ca1 to that used in embodiment 1 is employed
to constltute the second magnetic shield film 310. In the first
magnetic shield film, the magnetic film 410 and the magnetic
film 430 are separated from each other by the ‘non- magnetic
film 420, and the saturation magnetization of tfie magnetic
film 430 which is closer to the magnetic field response film
211 of the spin valve film is lower than the saturation
magnetization of the magnetic _field response film 211.
The film structure comprising. the magnetic film 410/
non-magnetic film 420/ magnetic film 430 is constituted of Ni
-Fe-Ta alloy (0.54m) / Ta (0.3 xm) / Ni-Fe-Ta alloy ( 0.



r,emai nikng percentage accounted for by the Ni- 18Fe all
As shown in FIG 14, a reduction in the saturation
observed as the Cr, Hf or Rh content increases regafdless
el ement is added. This confirns that the saturation nqjsﬁjlon ca }3
controlled by adjusting the content of Cr, Hf or Rh. %dl{
as shown in FIG 15, a slight change in t he per nea |Ih“yﬂ~s~mserveda
dependi ng upon the varying Ta contentz However, tHis_change remains-
wi thin a range that ensures that no problemin practlcal use-i-s-caused.
AS for the cogrgiy) tYI‘hétNiEFQSTEO a'll'@:& ¢8S£ Ratdigl hhat Ohctilevesnheldw

i ncreases, as shown in FIG
saturation magnetlzatmn, 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. .

The Fe-Al-Si alloy is normal@y used to constitute the lower
shield.

Table III shows the outpu;c fluctuation and the outpuf

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.

i

' o Table III
Shield film material Output fluctuation QOutput voltage
(example for comparison) (example for comparison)
Ni-Fe-Ta two layers : 0.4 1.2
Fe-Al1-Si single layer 1 1

(example for comparison)

The results shown in Table III confirm that -When a Ni
-Fe-Ta alloy 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,



desirable outcome, in which the coercivity is drasticall)
30 when the Cr content exceeds 10 at% is achieved.
expl ai ned, according to the present invention, the foll ¢
are achi eved. (a) An MR magnetic head that achie
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the resolution and the high frequency
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Hf, Rh or the like. This point is explained below.
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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 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 film and the Rh content in a

Ni-Fe-Rh fihr-l'_ and- the permeability and FIG. 16 is a graph

illustrating the relationshipé 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 axis represents the

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

remaining 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. This 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 slighf change in

the permeability is observed depending upon the varying Ta

contents. However, this 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



Gharacteristics is provided. (b) An MR magnetic head: Wt wirch
hi gh dutput voltage is achieved by preventing deteriorat ﬁ’ﬁméﬁiﬁm S.HEET
reproduction sensitivity due to the influence of the nagnet{c shield filjhs

i's provided. CLAI V5 o's JUN 1997
magnetic head including a mnagnetoresistive

30

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 recdrding density by absorbing superfluous magnetic flux
and improving the resolution and  the high frequency
characteristics is -provided. '

(b) 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 is provided.



conversion element (200), said nagnetoresistive conversion elenment

(200) ‘corrpr! si ng: a magnetoresistive film (210) including at | east
one nmagnetic field response film (211) that responds to an external
magnetic field; and a first magnetic shiel

second magnetic shield film(310) being positi oned at_ei t sai d
magnet oresi stive film (210), wherein at least eit h,er Eiﬂtet I C
shield fil m(400) or said second magneBic shield f'i I
magnetic film (430) whose saturation. magnetizatian is Iovver than a
saturation magnetization of the magideAIMSfield response film (211) and
said magnetic film (430) occupies a position in said magnetic shield film
(400) that is closé.to/saimagngtiet i beadel imcledinmse fma@€B¥ZE)SISt1VG 2.
A magneti c head accordi n%no claim1, wherein: either said first
magnet i ¢ shi elomviarsinmor edernent eé&ﬁ)@) said magnetoresistive conversion
element (200) comprising:
a magnetoresistive film (210) including at least ome
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) being positioned at either side of
said magnetoresistive film (210), wherein at least either said
first magnétic shield film (400) or said second mégnetic shield
film (310) includes a magnetic film (430) whose saturation
magnetization is lower than a saturation magnetization of the
magnetic field response film (211) and 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-;r 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 has a saturation magnetization lower than
said saturation magnetization of said magnetic field response

REPLACEMENT SHEET|
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b - magnetic film a first nmagnetic film
and a 'second rragelcfllm vmthS|df|rst nagnetic filmand said second

magnetic fil m beiin sgpar‘@ue'ﬁ"?f om each ot her by mgneﬂ—e—ﬂ I m
and of sai & first nmagnetijc{fil mand said sec
rs—posttioned clioser to said mag ”ﬁ‘!ﬂi&”ﬂ
r

magnetic filmth
filmhas a saturation rragneLLZﬁlA_onr | ower than said sat

magneti zation of said magnetic field respotse '

32 3. A magnetic head according to claim2, wherein: sai d

saturation rmagnetiza3i oA ehagAbtlcnhenet kécdridifie to claim 2, wherein:
| said saturétion magnetization of said magnetic film
positioned closer to said magnetic field response film is less
than 10 kGausé.
4. A magnetic head according to claim 2, wherein:
of said first magnetic film and said second magnetic
film, 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 film.
5 A magnetic head according to claim 4, wherein :
said Saturati;)n magnetization of said magnetic film
positioned 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 a'wafr frorﬁ said
magnetic field response film has a saturation magnetization
higher than said saturation magnetization of said magnetic field
response film.
7. A magnetic head according to claim 1, wherein:
said magnetoresistive film is constituted of é spin valve
* film.
8. A magnetic head according to claim 7, wherein:
said spin valve film comprises, at 1east,_ said magnetic
field response film, a non- magnetic film, a pinned
ferromagnetic film and an anti-ferromagnetic film;

said magnetic field response film and said pinned



posi ti oned cl oser to Yo g d response filmis less than 10
kGauss. 4. Afket Tﬁg’magfmbrdl ng to clarmr2, whererm

of said first nagnetifc ifil m and sai d] sécond rragnetlc c film
positioned further ajay fgeygRi 1497 ;net ic field rH Hmnllnﬂﬂ E“‘ _

.

D!‘

saturation magnetizafi gn | ower tha ai d saturation«mnmagnet | aat son*of sai
magnetic field resgonse T 5 A magnetic head according to
claim4, wherein: sai d saturat§ 88 nagnetization of said nagnetic

film positioned further away fromsaid magnetic field response film is
I'ess than 10 Ké&aoussagnetic filfi a&cerra@mfartedhﬁ@mmmthgrt byclsaidn Aon
V\/ner e -magnetic film; and
said anti-ferromagnetic film is coupled to said pinned
ferromagnetic film. |
9. A magnetic head according to claim 1, including an
inductive conversion element. |
10. A magnetic head according to claim 9, wherein:
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 filfn or said second
magnetic shield film is_-also utilized as 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 fiim, a magnetic shield film that is n.ot utilized
as said magnetic film of saic_i inductive conversion element
includes a non-magnetic ” layer, a first magnetic film and a
second magnetic film with said first magnetic film and said
second magnetic fihﬁ 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 has a saturation magnetization that is
lower than a saturation magnetization of said magnetic field

response film.

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



(@ magnetlc film p05|t|oned further away fromsaid magnetic field response

fil'm*has a saturati X I i gher than said saturation

magneti zati on of saifd"§ ME iR response fil m———————?——ﬁr‘nﬁgnm iC
head according to clfai "1, wherein sai d nmagnet

constituted of a spin vaU\&Janhm 8. A magn lillﬁﬂﬁxmﬂﬁﬁ E!ng to
claim?7, wherein:. said spinjv Iv-efilmcorrprl

magneti c fieldrjsponse' TTT I —anoy- gnetic fil'm aplnned
ferromagnetic film tand an anti- ferrgnagnetic film said magnetic

field response fi'l msaid ssHtdrationedmagnetization 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

film, 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 film. _

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

. said saturation magnetization of said I;lagnetic film

positi(_)ned further away from said maghetic field response film

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 saturation magnetization of said magnetic field
response film.

17. 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 also

utilized as said m_ag'n.etic film of said inductive conversion

element includes ‘a non-magnetic layer, 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 first magnetic film and said second magnetic



g—.38,°,.f*errorfagnet ic filmare separated from each ot her b%
magnetic film and said anti- ferromagnetic filmis coupled to said
pi nned ferromagnetic film 9. A nmagnetic head IMW lai m
1, including an i nductive conversion el enent. B . mm”'j'ead
according to claim9, wherein: sai d i nductive conver'si bn &l esrent is

provi ded adj acent
35

film, a magnetic film 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

résponse 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 magneﬁc head according to claim. 17, wherein :

of said first magnetic film and said second magnetic

film, a magnetic film positioned further away from said

magnetic field response film has a saturation ﬁlagnetization

lower than said saturation rﬁagnetization of said magnetic fielé

response film.

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

said saturation magnetization of said magnetic film

positioned further away from said magnetic field response film

is less than 10 kGauss.

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

a magnetic film positioned further away from said

magnetic field i'esponse film has a saturation rﬁagnetization

higher than said saturation magnetization of said magnetic field

response film.

REPLACEMENT SHEET
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t® ‘sai d nmagnet oresi stive conversion el enent. 11. A magneti ¢ head

according to claim 10, wherein: either said first magnetic shield
filmor said second nagnetic shield filmis also utilized as a magnetic
filmof said inductive conversion el ement. 12. A magnetic head
according to claim1l, wherein: ofygsai d first magnetic shield film

and said second magnetic shield film a nmagnetic shield filmthat is not
utilized as said nagnetic filmof said inductive conversion el enent

i ncl udes a non- magnetic layer, a fi MAGNIGHE HEAD | m and a second
magnetic filmwth said first magnetic filmand said second magnetic film
bei ng separated from each ot her by sai %B%Adﬁagnet ic film and

An MR element (200) includes a magnetoresistive (MR)
film (210), a first magnetic shield film (400) and a second
magnetic shield film (310). The MR .film (210) includes at

least‘ one magnetic field response film (211), which responds
to an external magnetic field. The first magnetic shield film
(400) and the second magnetic shield film (310) are positioned
at the two sides of the MR film (210). The first magnetic
shield film (400) includes a magnetic film (430), whose
saturation magnetization is lower than. the saturation
magnetization of the magnetic field response film (211). The
magnetic film (430) occupies a position that is!_ close to the

magnetic field response film (211).

Fig. 1
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: film a magnetic film.
field response filmhas a
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| ower than a saturation magnetization of
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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 filmand said second magnetic film a nagnetic
filmpositioned further away fromsaid magnetic field response filmhas a
saturation magnetization |ower than said saturation magnetization of said
magnetic field response film 12/9 A magnetic head according to
clai m 14, wherein: sai d sat uraguﬁa magnet i zati on sai d nagnetic
film.positioned further away from sai gnetic fieldr onse film is

| ess than 10 k A magn im12,
wher ei n:
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a nagnetic filmpositioned further away fromsaid magnetic f]e CEMENT SHEEl '

filmhas a saturation magnetization higher than said saturatjo
magneti zation of said magnetic field response film 17} RMMWPZ
head according to claim 11, wherein: ' of said first nadgnetic shield

filmand said second magnetic shield film a magnetic s'hielq filmthat is
also utilized as said magnetic film ok gaid inductive converst

i ncludes a non- magnetic layer, a first magnetic film_and a ond
magnetic filmwith said first magnetic X0l mand sai d2¥bcond %netic film

bei ng ‘separated from each ot her by saiT non- magnetid fil n}_/and M1
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posrtibnéd closer to said magnetic field response filmis Iess=a%han;ul,‘

kGauss.

of said first nagnetic film and said second magnetic film a et
filmpositioned further away from said magnetic field respongeffi]
saturation magneti zation | ower than said saturation magneti zgat o@&oﬁ
magnetic field

claim19, wherein: sai d saturati.on“nmagnetization_of s

19. A magnetic head according to claim 17, whe E
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a maghétic’ f|In1p05|t|oned further away fromsaid magnetic field response
filmhas a saturation magnetization higher than said satur
nagnetlzatlon of said magnetic fleld response film
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Saturation magnetization (kGauss)
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Saturation magnetization (kGauss)
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