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"~ COMBINED TYPE THIN FILM MAGNETIC HEAD

TECHNICAL FIELD
The present invention relates to a combined type thin
film magnetic head which is employed in a magnetic disk
5 apparat_us. '
BACKGROUND ART
A great deal of interest has been focused on
magnetoresistive conversion eclements (hereafter referred to as
MR elements) which utilize the magnetoresistance effect because
10 their output voltage is not dependent upon the speed of the
recording medium and a high output can be achieved. A thin
film head which is provided with an inductive conversion
element ( hereafter referred to as an inductive element) for
recording in combination with an MR element for reproduction -
15 is called a combined type thin film magnetic head.
In a combined type thin film magnetic head, an upper
magnetic shield film and a lower magnetic shield film are
provided via an insulating layer® ‘abbve and under a
magnetoresistance effect element that constitutess an MR
0 element. These magnetic shield films are provided to absorb
superfluous magnetic flux and to improve the resolution and
‘the high frequency characteristics so that the recording density
can be improved. _
Magnetic shield films are constituted of material with
% high permeability and high -saturation magnetization and,
therefore , Ni - Fe alloys with low coercivity and low
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magnetostriction force are often used.

Japanese Unexamined Patent Publication No. 169023/
1995 discloses an example in which a film constituted by
laminating a Ni-Fe alloy over a plurality of layers via
intermediate non-magnetic films is employed as a magnetic
shield film. It reports that this improves the permeability and
that, with the magnetic domain stabilized, a reduction in
noise is achieved.
Now, with magnetic disk apparatuses becoming more
and more miniaturized, it is desired that the gap between the
upper and lower shields in a magnetic head be reduced in
order to support higher i-ecOrding density. In addition, in a
combined type thin film magnetic head, which is provided with
both an MR element and an inductive element, it is necessary
to position the two magnetic conversion elements as close as
possible,
| As a means for meeting these requirements, a structure
in which the upper magnetic shield film also functions as the
lower numumﬁc'ﬁhn of the inductive element is employed.
This structure is disclosed in Japanese Unexamined Patent
Publication No. 44917/1976. |
However, in an inductive element in which the upper
magnetic shield film also functions as & lower magnetic film,
no pole is formed at the lower magnetic film at the slider
surface (air bearing surface). Because of this, when a write
is performed with an inductive element in which the upper
magnetic shield film constitutes the lower magnetic shield film,

magnet oresi stive
MR el ement s) which

recordi ng medi um and a high
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filmhead which is provided wth an inductive conversion el ement
(hereafter referred to as an inductive el enent) for . recording in
conbi nation with an MR el enent for reproduction 15 is called a
conbined type thin filmmagnetic head. ' In a conbined type.
thin filmmgnetic head, an upper ¥ magnetic shield filmand a | ower
magnetic shield filmare provided via an insulating | ayer above and
under a magnet or esi stance effect elenment that constitutes an MR

the recording Is less clear ( recording fringing occurs)
compared to a write performed with an inductive element

provided with an upper pole and a lower pole.
In recent years, it has become extremely vital to
5 narrow the tracks due to increases in recording density, and
the recording state achieved with a narrow track pitch has
become an important factor to be considered along with
reproduction efficiency. Thus, the solution to the problem of
the recording fringing described above has become a critical
0  matter. On page 133 of Japanese Applied Magnetics Academic
Society Lecture Abstract Collection (1994), a pole trimming
design appears in which the widths of the upper and lower
cores (the width of the upper and lower poles) are matched
in order to eliminate the recording fringing attributed to the
ﬁ head design. However, it does not refer to a design structure
in which the upper magnetic shield film also functions as a

lower magnetic film.

In addition, in order to support the higher recording
density, the coercivity in the recording medium has been
2 increased and this necessitates an increase in the recording
capability of the inductive element. This may be achkﬁ%d by
raising the saturation magmnetization of the inductive element,
and a great number of materials such as Fe-N group
' materials are being comsidered. For instance, on page 121 of
25 Japanese Applied Magnetics fmzdenﬁc!&mkny Lecture Abstract
Collection (1992), the recording / reproduction characteristics
of a combined type'ﬁhhxzﬁhn magnetic head whose second
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20 el enent. These magnetic shield filnms are provided to absorb
superfluous nmagnetic flux and to inprove the resolution and t he high
frequency characteristics so that the recording density can be
i mproved. Magnetic shield,filns are constituted of materi al
with 25 - high perneability and high saturation nagnetization and,
therefore, N - Fe alloys wth |ow coercivity and |ow

magnetic film is constituted of a NiFe/FeN film are disclosed.

A high saturation magnetization and a high
permeability are positive characteristics in a magnetic shield
film, too, since they improve the shielding effect. However,

8 when a shielding material with a high permesbility is

employed, since the magnetic shield film absorbs the magnetic

flux that should normally be taken into the magnetoresistive

(MR) film as well, the reproduction sensitivity is lowered. As

a means for solving this problem, Japanese Unexamined Patent

10 Publication No. 174334/1993 discloses a structure in which a

magnetic shield film whose permeability is lower than that

of the MR film is employed. However, this publication does

not refer to a structure of the upper magnetic shield film that

should be achieved when adopting the structure in which the

15 upper magnetic shield film also functions es the lower
magnetic film of the inductive element.

Furthermore, as recording density increases and the
insulating layer of the MR element becomes thinner, the
influence of the magnetic shield films on the reproduction

2 sensitivity and output fluctuation is no longer lnsmmficant In
particular, if a spin valve film is used to constitute the MR
clement, since the film thickness of the external magnetic

field response film is smaller than that of a normal magnetic
anisotropic MR film and the rotation angle of magnetization

25 is great, the influence of the static magnetic field applied by
the magnetic shield films becomes also great
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2 N magnetostriction force are often used. ' Japanese

Unexam ned Patent Publication No. 169023/ ' 1995 di scl oses an exanpl e
in which a filmconstituted by lam nating a Ni - Fe alloy over a
plurality of layers via 5 ~internediate non - magnetic films is

enpl oyed as a magnetic

DISCLOSURE OF THE INVENTION
It is an object of the present invention to provide a
combined type thin film magnetic head that is provided with
an inductive element for recording in combination with an MR

] element for reproduction that achieves a high output voltage
without being dependent upon the speed of the recording
medium.

It is a further object of the present invention to
brovide a combined type thin film magnetic head that achieves
10 an improvement in resolution and high frequency
characteristics by absorbing magnetic flux that is superfluous
to the MR element.
It is a still further object of the present invention to
provide a combined type thin film magnetic head with a
15 structure wherein the elements are positioned in a desirable
| manner, i.e., the MR element and the inductive element are
positioned close to each other. |

' It is a still further object of the present invention tfo
provide a combined type thin film magnetic head structured
2 in such a manner that a second magnetic shield film of the
MR element and a first magnetic film of the inductive element
‘are placed adjacent to each other, in which the second
magnetic shield film and the first magnetic film can be formed
independently of each other with mhterials that can achieve

2% the characteristics required of the individual fﬂms
It is a still further object of the present invention to
provide a combined type thin film magnetic head with which
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shiel'd film It reports that this inproves the perneability and

that, with the magnetic donain stabilized, a reduction in noi se is
achi eved. Now, with magnetic di sk apparatuses becom ng nore 10
and nore mniaturized, it is desired that the gap between the upper
and | ower shields in a nagnetic head b® reduced in order to support
hi gher recording density. In addition, in a conbined type thin film
magneti ¢ head, which is provided with both an MR el enent and an

i nductive el ement ani timgrovemeatainy the write capability and the recording
density is achieved and in which side fringing can be
prevented.

It is a still further object of the present invention to
5 provide a combined type thin film magnetic head with which
reduction in the reproduction sensitivity and deterioration in
the stability of the MR elernenf due to the influence of the
magnetic shield films can be avoided while still achieving an .
improvement in the recording capability.
10 It is a still further object of the present invention to
provide a combined type thin film magnetic head that can
achieve a clear recording state while still retaim'né a compact
head structure.
It is a still further object of the present invention to
15 provide a combined type thin film magnetic head that is
capable of fully providing the magnetic shielding function while
achieving a clear recording state.
It is a still further object of the present invention to
provide a method for manufacturing the combined type
20 magnetic heads described above. |
In order to achieve the objects described above, the
combined type thin film magnetic head according to the present
invention is provided with an MR element and an inductive
element.
2 The MR element includes an MR film, a first magnetic
shield film and a second magnetic shield film, with the first
magnetic sﬂield film and the second magnetic shield film
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15 " to position the two magnetic conversion el enments as cl ose as

possi bl e. As a neans for neeting these requirenents; a
structure in which the upper magnetic shield filmalso functions as
t he | ower magnetic filmof the |[nductive elenent is enployed. 20
This structure is disclosed in Japanese Unexanm ned Patent

Publ i cati on No. 44917/ 1976. However, .in an inductive el enent

i n which the upper magnetic shield filmalso functions as a | ower

magnetic film provided on the two sides of the MR film.
The inductive element is provided with a thin film
magnetic circuit constituted with a first magnetic film, a coil
film which is supported by an insulating film, a second
5 magnetic film and a gap film, and is combined with the MR
clement with the first magnetic film placed as if to lie
adjacent to the second magnetic shield film.
The first magnetic film and the second magnetic shield
film are separated from each other by a non-magnetic film,
10 and the film thickness of the non-magnetic film is selected at
a vélue which induces magnetic coupling between the second
magnetic shield film and the first magnetié film.
The first magnetic film is provided with a first pole
tip and the width of the first pole tip is smaller than the
15 width of the second magnetic shield film. Furthermore, the
saturation magnetization of the first magmetic film is higher
than the saturation magmetization of the second magnetic shield
film, |
The combined type thin film magnetic head according
2 to the present invention described above is provided with the
"~ MR element and the inductive element.- As a result, a
combined type thin film magnetic head, which is provided with
an inductive element for recording in combination with an MR
element for reproduction which achieves a high output voltage
% without being dependent upon the speed of the recording
medium, is achieved.

- - In addition, since the first magnetic shield film and the
eet Has Been Replaced |
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no pole is forned at the |lower magnetic filmat the slider 25 surface
(air bearing surface). Because of this, when a wite I's perforned
with an inductive el enent in which the upper magnetic shield film
constitutes the | ower magnetic shield f&lm

second magnetic shield film are provided on either side of the

MR film in the MR element, superfluous magnetic flux is

absorbed by the first magnetic shield film and the second

magnetic shield film, thereby achieving an improvement in
5 resolution and in high frequency characteristics.

Furthermore, since the inductive element is provided
with a thin film magnetic circuit constituted with the first
magnetic film, the coil film supported by the insulating film,
the second magmetic film and the gap film, it is possible to

10 generate a write maénetic field at the gap film in
| correspondence to the electric current running to the coil film.

Moreover, since the inductive element is combined with

the MR element with its first magnetic film placed as if to

be adjacent to the secdnd magnetic shield film, a structure
15 with desirable element positioning is achieved, with the two

magnetic conversion elements placed close to each other.

The first magnetic film included in the inductive
element and the second magnetic shield film are separated from

each other by a non-magnetic film. In such a structure, it
%  is possible to form the second magmetic shield film and the
first magnetic 'film independently of each other using materials
that can achieve characteristics required of the individual
films,

The film thickness of the non-magnetic film is selected

25 at a value such that magnetic coupling is induced between
the second magnetic shield film and the first magnetic film.
Inﬂﬁsstructure. the write capability and the recording density
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the "recording is less clear (recording fringing occurs) conpar ed
to a wite perforned with an inductive el enent provided with an
upper pole and a | ower pole. In recent years, it has becone
extrenely vital to 5 narrow t he tq acks due to increases in recording
density, and the recording state achieved with a narrow track pitch
has becone an inportant factor to be considered along with

are improved and side fringing is prevented with the magnetic
coupling induced between the second magnetic shield film and
the first magnetic film. The thickness of the non- ma'gnetic
film is a vital factor when inducing magnetic coupling between
5 the second niagnetic shield film and the first magnetic film.
If it is too great, the magnmetic coupling between the second
magnetic shield film and the first magnetic film will be
insufficient, whereas if it is too small, a defective film will
result, due to pin holes or the like, Thus, the thickness of
10 the non- magnetic film must be set at a value which ensures
that such problems do not' oceur.
In addition, since the saturation magnetization 'of- the
first magnetic film is higher than the mﬁunﬂknxrmmguﬁ?aﬁon
of the second magnetic shield film, an improvement in the
15 recording capability is achieved and a reduction in the
reproduction sensitivity and degradation in the stability of the
MR element due to the influence of the magnetic shield films
can be avoided.
Furthermore, the width of the first pole tip constituting
% the inductive element is smaller than the width of the second
magnetic shield film. In such a structure, since a pole tip
of the first magnetic film is formed atthe.ah'beadng'surﬁmm.
a clear recording state can be achieved.
Even more desirable, the width of the first pole tip
% should be set approximately the same as the width of the
second pole tip of the second magnetic 'film. This will achieve

an even clearer recording state.
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reproduction efficiency. Thus, the solution to the prbbl em of t he

recording fringing described above has becone a critical 10 matter. On
page 133 of Japanese Applied Magnetics Acadenic Soci ety Lecture
Abstract Collection (1994), a pole trinmng desi gn appears in which
the wi dths of the upper and | ower ¥ cores (the width of the upper and
| oner pol es) are matched in order to elimnate the recording
fringing attributed to the 15 head desi gn. However, it does not refer

to a design structure 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 anmexed drawings, given purely
8 by way of non-limitive example, in which;
FIG. 1 is a perspective. of the combined type thin film
magnetic head according to the present invention in a
disassembled state; | |

FIG. 2 is an enlarged view showing the magnetic

10 conversion element portion of the combined type thin film
magnetic head shown in FIG. 1 in a disassembled stafe:

FIG. 3isacrosssectionofthecom5inedtypeﬂxin
film magnetic head shown in FIG. 1; ,

FIG. 4 is an enlarged frontal cross section of the

15 magnetic conversion element portion of the combined type thin
| film magnetic head shown in FIG. 3;

FIG., 5 is an enlarged side cross section of the
combined type thin film magnetic head shown in FIG. 3:

FIG. 6 is an enlarged cross section of the

20 magnetoresistance effect element portion constituted | of a spin
valve - film; _ '

FIG. 7 shows a process included in the method for
manufacturing a combined type thin film magnetic head
according to the present invention;

% FIG. 8 shows a process that is executed after the
process shown in FIG, 7:
FIG..'9 shows a process that is executed after the
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I n whith the upper magnetic shield filmalso functions as a | ower

magnetic film In addition, in order to support the higher
recordi ng density, the coercivity in the recording nmedi um has been
20 i ncreased and this necessitates an increase in the recording
capability of the inductive elenent. Th¥s nay be achi eved by rai sing

the saturation magnetization of the inductive el enent,

process shown in FIG. 8; .

FIG. 10 shows a process that is executed after the
process shown in FIG. 9: and

FIG. 11 shows a process that is executed after the

5 process shown in FIG. 10.

BEST MODE FOR CARRYING OUT THE INVENTION
Referring to FIGS. 1 to 4, the combined type thin flm
magnetic head is provided with an MR element 200 which is
employed as a read element and an inductive element 300
10 which is employed as a write element on a base body 100
which constitutes a slider. While a structure in which the
inductive element 300 is laminated onto the MR element 200
is disclosed in this embodiment, a structure in which the MR
element 200 is laminated onto the inductive element 300 may

16 be adopted. _ |
The base body 100 is constituted of a ceramic structure
such as ALOy-TiC, and an insulating film 120 constituted of
ALQ,, Si0; or the like is provided on the base body 100. The
base body 100 is provided with an air bearing surface
20 (hereafter referred to as the ABS surface) 130 at one surface
which faces opposite the magnetic disk. Base bodies 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 conmstituting the ABS surface, a
25 type in which the surface facing opposite the magnetic disk
is a flat surface without a rajl portion, with almost the entire
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and a‘*great nunber of materials such as'Fe - N group material s

bei ng consi dered. For instance,

are
on page 121 of 25 Japanese Applied
Midgneti cs Acadenic Society Lecture Abstract Col l ection (1992), the

recording / reproduction characteristi Cfé

fil mmagneti c head whose second

10

surface comstituting the ABS surface, and the like.

A first magnetic shield film (lower magnetic shield .

film) 400 is laminated onto the insulating film 120, and an

insulating film 500 _isA laminated onto the first 'magnetic -shield -

film 400. The insulating filtm 500 is constituted of ALQOs;, SiO;
or the like. A second magnetic shield film (upper magnetic
shield film) 311 is provided on the insulating film 500.

" 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.

The inductive element 300, which is provided with a
first magnetic film- ( lower magnetic film) 312, a second
magnetic film (upper 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, is laminated onto
the insulating film 500. The front end portions of the first
magnetic film 312 and the second maguetic film 320 constitute
pole tips P1 and P2 which face opposite each other over the
gap film 340, whose thickness is very small, and write is
performed at the pole tips P1 and F2.
. The yolked portions of the first magnetic film 312 and
the second magnetic film 320 are linked with each other so

that they complete a ;rnagnetic 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 350 in
such a manner that it winds around the linking portion of the
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- 7~~~*~~~~ ~41 14JUN 1997 magnetic filmis constituted of a

Ni Fe/ FeN film are discl osed. A high saturation

magneti zati on and a hi gh perneability are positive
characteristics in a magnetic shield film too, since they inprove
the shielding effect. However, 5 en a shielding material with a
high perneability 1is enpl oyed, since the magnetic shield film -

absorbs the nagnetic
yvolked portions in a coil.

In the combined structure described above, the film

thickness of the non-magnetic film 313 is selected at a value
which induces magnetic coupling between the second magnetic

5 shield film 311 and the first magnetic film 312. In such a
structure, with magnetic coupling induced between the second
magnetic shield film 811 and the first magnetic film 312, it

is possible to achieve an improvement in the write capability

and the recording density while preventing side fringing. The

10 film thickness of the non-magnetic film 313 is an important
factor with respect to inducing magnetic coupling between the

second magnetic shield film 311 and the first magnetic film

312. If the thickness is too large, the magnetic coupling
between the second magnetic shield film 311 and the first

15 magnetic film 312 will be insufficient, whereas if it is too
small, a defective film is likely to result, due to pin holes and

the like. The thickness of the non-magnetic film 313 must

be set at a value that ensures that thése problems do not
occur. As a correlation for setting the thickness of the non-

20 magnetic film 313, it must be smaller than the thickness of
the second magnetic shield film 311 and the first magnetic film

312 . For instance, if the film thicknesses of the first
magnetic film 312 and the second magnetic shield film 311 are

at approximately 1 to 1.2 um, the thickness of the non-

%% magnetic film 313 should be set within a range of 0.01 to
0.2um or, more specifically, it should be set at approximately

0. 05 2z m. Another correlation is that the film thickness of
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flux that should nornally be taken into the magnetoresistive (MR
filmas well, the reproduction sensitivity is |owered. As a neans
for solving this problem Japanese Unexamn ned Patent 10 Publ i cati on No.
174334/ 1993 di scloses a structure in which a magnetic shield film
whose perneability is |lower than that of the MRfilmis enpl oyed.
However, this publication does not refer to a structure of the
upper magnetic shield filmthat shoul d be achi eved when adopti ng

et ot are, . echok Pl EMGIHO At b il thioia
thickness of the gap film 340 of the inductive element.
In addition, the first magnetic film 312 is provided
with the first pole tip Pl, with the width W1 of the first pole
5 tip P1 set smaller than the width W2 of the second magnetic
shield film 311 (see FIG. 4).
Since the width W1 of the first pole tip F1 of the first
magnetic film 312 constituting the inductive element 300 is
set smaller than the width W2 of the second magnetic shield
10 film 811, it is possible to form the pole tip P1 of the first
magnetic film 312 at the air bearing surface 130 to achieve
a clear recording state.
In the embodiment, the width W1 of the first pole tip
Pl is sot approximately the same as the width of the second
15 pole' tip P2 of the second magnetic film 320. This achieves
an even clearer recording state, |
The required width and area can be assured for the
second magnetic shield film 311 in spite of the reduction in
the width of the first pole tip P1. As a result, the original
20 function of the second magnetic shield film 311, i.‘ e., a
function of ébsorbing superfluous magnetic flux, can be
entirely fulfilled.
Moreover, the second magnetic shield film 311 and the
.first magnetic film 312 are separated from each other by the
28 non-magnetic film 313. This means that the second magnetic
 ghield film 311 and the first magnetic film 312 can be formed
independently of each other using materials that achieve the
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maghetic film of the inductive el enent. Furt hernore, as

recordi ng density increases and the insul ating layer of the MR

‘el enent becones thinner, the i nfluence of the magnetic shield filns
on the reproduction 20 sensitivity and output fluctuation is no |onger
insignificant. In particular, ¥f a spin valve filmis used to
constitute the MR : el ement, since the filmthickness of the external
magneti c field response filmis small er than that of a nornal
magnet i c characteristics that are required of the individual films.

The second magnmetic shield film 311 is constituted of
a material whose saturation magnetization is lower than the
saturation magnetization of the first magnetic film 312. This
5 achieves an improvement in the recording capability and also
assures that a reduction in the reproduction sensitivity and
degradation of stability of the MR element 200 due to the |
influence of the magnetic shield films are mmmuzed
The first magnetic shield film 400 which is positioned
10 - under the MR element 200 may be constituted of a low
saturationn  magnetization material whose saturation
magnetization is smaller than the saturation magnetization of
the MR film 210. By using such a material with a low
saturation magnetization, it is possible {o increase the
15 reproduction sensitivity of the magnetic head with the influence
applied by the first magnetic shield film 400, which, in turn,
achievgs an improvement in the output voltage.
The first magnetic film 312 may be constituted of an
Fe~Zr-N alloy whose saturation magnetization is larger than
20 that of a Ni-Fe alloy. Such a material with a high saturation
" magnetization is employed in order to achieve an improvement
in recording characteristics such as the overwrite
characteristics, as known to persons skilled in the art. While
an alloy with the composition described earlier is employed
2% in the embodiment, the composition of the material is not
limited to this, and other ternary alloys constituted of Co, Fe

and Ni, for instance, may be used.
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anisotropic MR filmand the rotation angle of magnetization 25

great,

the influence of the static magnetic field applied by

magnetic shield filnms becones al so great.

18

A Ni-Fe-Ta alloy whose saturation magnetization is

smaller than that of a Ni-Fe alloy is used to constitute the
second nmgnetié shield film 311. As explained earlier material
with a low saturation magnetization is used to constitute the
second magnetic shield film 311 because, if a material with
;1 high saturation magnetization were used, the influence of
the static magnetic field applied by the magnetic shield films
would be strong enough to diminis-h the magnetic inversion
of the magnetic field response maguetic film, which, in turn,
would reduce the semsitivity. In addition, as explained in
Japanese Unexamined Patent Publication No. 174334/1993, if
the permenbility and the saturation magnetization of a magnetic
shield film are too large, the magmetic flux which should
normally be taken into the MR film will also be absorbed by
the magnetic shield film, resulting in a reduction in the
sensitivity. However, if the permeability is reduced to a
significént extent, the function as the magnetic shield film will
not be fulfilled fully. Thus, in this embodiment, a material
with a composition as described above, with a relatively high
permeability and’a small saturation magnetization, is used to
constitute the magnetic shield film. While the alloy with the
~ composition scheme described above is employed in this
embodiment, the magnetic shield film may also be constituted
of any one of the Ni-Fe metal alloys, such as Ni-Fe-Cr,
Ni-Fe-Nb and Ni-Fe-Rh, Co-metal amorphous alloys and the

like.
Ay, Ag, Ti and or Ta may be used to constitute the
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DI SCLOSURE OF THE | NVENTI ON It is an object of the present

i nyention to provide a conbined type thin fil mmagnetic head that

provi ded with

10

S

an inductive elenent for recording in conbination with
an MR 5 el enment for reproduction that achieves a high output voltage
wi t hout bei ng dependent upon the speed & the recording medi um
It is a further object of the present invention to

non-magnetic film 313. However, as long as no problem is
caused during the manufacturing process, other metals or
oxides may be used. |
The film thicknesses of the second magnetic shield film
311, the first magnetic film 312 and the non-magnetic film
313 may be set, for instance, at approximately 2 u# m,
approximately 1 #m and approximately 0. 05 x m respectively.
FIG. 6 is an enlarged cross section showing the
structure in further detail of the MR element 200 included in
the combined type thin film magnetic head shown in FIG. 1.
The first magnetic shield film 400, an insulating film 510,

the MR elément 200, an insulating film 520 and the second

magnetic shield film 311 are sequentially laminated on a base
insulating film 120 which is laminated onto the base body 100
(not shown).
The MR film 210, which constitutes the MR element
200 may be constituted by using an anisotropic MR film, but
it is more desirable to constitute it with a spin valve film.
The MR film 210 in the figure is constituted of a spin valve
film. The spin valve film in the figure includes a magnetic
field response film (first ferromagnetic film) 211, a non-
magnetic film 212, a pinned ferromagnetic film ( second
ferromagnetic film) 213 and an anti- ferromagnetic film 214.
#t goes without saying that a film structure other than the
film structure described above may be adopted for the spin

valve film,
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The MR film 210 constituted of the spin valve film is



provi de a conbined type thin fil mmagnetic head that——aehreves—]:@-————-—an

i nprovenent in resolution and high frequency ter| sti cs by
absorbing magnetic flux that is superfluous a"e

It is a still further object of the present |nvent|on |dea

conblnedtypethlnfllm magnetic head wWth a 15 '_ nthe

el ements are positioned in a desirable mannet i : e. , the MR el enent

and the inductive elenent are _
formed to have a track width of, for instance, 2.5pum, and

is provided with a lead conductor 221 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
5 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
© 211 is constituted of a NiFe film with a film thickness of
approximately 0.1 zm. Under the magnetic field response film
211, a base film which is constituted of a Ta film with a
film thickness of approximately 0.05 am is provided. The non
- magnetic film 212 is a Cu film with a film thickness of
15 approximately 0. 025 ¢ m. The pinned ferromagnetic film 213
is constituted of a NiFe film with a film thickness of
approximately 0. 05 g4 m. The anti-ferromagnetic film 214 is
constituted of a FeMn film with a film thickness of
approximately 0.1 2m and is provided with a protective film
20 constituted of a Ta f{ilm 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 impose any restrictions
upon the fiim structure or film thicknesses and another film

2 structure may be .employ_ed.

A Ni-Fe-Ta alloy thin film may be used to constitute
the first magnetic shield film 400. The Ni-Fe-Ta alloy thin



positioned close to each other.
of the present invention to
magneti ¢ head structured 20 in such a manner that a
shield filmof the MR el enrent and a first magnetlc mm
I nductive el ement

magnetic shield filmand the first magnetic fllnlcan be
i ndependent|ly of each other with naterlals t hat can achieve

second
f or med

provi de a conbi ned ty%sgﬁl&

are placed adj scent to each oth

25 the characteris quir.e e individuya fllns
is a still further o 1’@0%8 §r 4‘ tl?g&?? tﬂ’t 9‘€n15? n magnetization and
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it is used for the same reasons as those stated earlier.

The second magnetic film 320 is a two-layer film
constituted with a first layer 321 and a second layer 322-. Fe
-Zr-N may be used to constitute the first layer 321 and a
Ni-Fe film may be used to constitute the second layer 322.
The Fe-Zr-N alloy film is a material with a high saturation

magnetization and improves the recording characteristics.
Although it is preferable to constitute the second magmetic film
820 with a single layer Fe-Zr-N film since a higher
saturation magnetization is achieved, it is constituted in this
embodiment as a laminated film comprising the first layer 321

constituted of F-Zr-N and the second layer 322 constituted

of Ni-Fe for reasons related to manufacturing method. Their
film thicknesses may be set at, for' instance, approximately 0.
5um for the first layer 321 and approximately 2zm for the
second layer; 322.
AlO, may be used to constitute the insulating film 500
of the MR element 200. Its film thickness is set at 0.12 u
m for the insulating film 510 between the first magnetic shield
film 400 and the MR film 210, and at approximstely 0.1 x
m for the insulating film 520 between the MR film 210 and
the second magnetic shield film 311. A photoresist film is used
to constitute the insulating film 350 of the inductive element
0. _
Next, the method for manufacturing a combined type
thin film magﬁetic head according to the present invention is

Il.

It is a stitl—further—object—
aghéegheplaced

It



pr ovi deua conbined type thin filmmagnetic head with which —m70HZW =
an rnprovenent in the wite capability and the recording

achi eved and in which side fringing can be + This Sheet i

10

18

k I

explained in reference to FIGS. 7 to 11.
First, the spin valve film constituting the MR film was
formed through ion beam sputtering. The film was formed
under the following conditions: the ultimate vacuum was less
than §5x10°Pa with the vacuum at the time of film formation
at approximately 1.2X10%Pa, the Ar gas flow rate at 7sc<m.-_
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 Qe was applied when forming each film.
The film structure was as follows:
base film; Ta film,
film thickness=0.05 zm
magnetic field response film; NiFe film,
film thickness= 0 Ium
non-magnetic film; Cu film,
film thickness=0. 025 u m
pinned ferromagnetic film; Co film,
film thickness=0. 03 2 m
anti- ferromagnetic film; FeMn film,
film thickness=0. 1z m
protective film; Ta film,
film thickness=0. 05 2 m
In the film structure above, the MR change rate was
4. 6% and the magnetic field sensitivity was 0. 5%/0e.
The Ni- Fe-Ta films used to comstitute the first
magnetic shield film 400 and the second magnetic shield film
311 are formed through RF magnetron sputtering. The RF

denS|ty 7§

eplaced

Illl
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It is a still further object of the present

provide a conbined type thin fllmrragnetlc head with

reduction in the reproduction sensitiv
in the stability of the MR el enent due to the

he
magnetic shield filnms can be avoi ded whfl e still ach ||

i nprovenent in the recording capability. 10 - S astlll
further object of the present invention to

10

magnetron sputtering film formation was performed under the
following conditions: the ultimate vacuum was less than 1 X
10“Pa with the wvacuum 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 composition of the formed Ni
~Fe-Ta film was (Ni-18Fe) -7.2 Ta (at¥) and the film thus
formed has magnetic characteristics such that the saturation
magnetization was TkGauss and the permeability was at 1800.
The film thickness of the first magnetic shield film was at
1 # m" whereas the film thickness of the upper shield lower
layer film was at 2 2m.
The Fe-Zr-N film used to constitute the first magnetic
film 312 was also formed through RF magnetron sputtering.

~ The film was formed through RF magnetron sputtering under

the following conditions: the ultimate vacuum being less than
1% 10'Pa with the vacuum at the time of film formation at
athnately 4x10Pa, the AR gas flow rate at 25scem and
the RF power at 1400W. The composition of the Fe-Zr-N film
thus formed was Fe-7Zr-8N(at¥%) and the film bas magnetic
characteristics such that the saturation magnetization was 14
kGauss and the permeability was at 2500. Its film thickness
was 1 pym. | -

An ALO, film, which was formed to copstitute the
insulating film 340 to function as a write gap, was formed
on the first magnetic film 312, and on top of it the insulating

film 360 constituted of photoresist and the coil film 330
supported by the insulating film 350 are formed (see FIG. 5,



provi de a conbined type thin film magnetic head that can  achi eve a

clear recording state while still retaining a conpaCt———————head
structure. ' It is a still further objecr}ms%fht e resent ,

i nvention to 15 provi de a conbined type thin f|| !aa;d,_that
i s capabl e of fully providing th® nagnetic Shl ri' ‘whil e

achi eving a clear.recording state.

for instance).
An Fe-Zr-N alloy film was formed on the insulating
film 350, through RF magnetron sputtering, to constitute the
second magnetic film 321. On top of this, a frame 14,
8 constituted of photoresist, was formed. FIG. 7 shows the state
achieved after the process described above was completed.
Next, as shown in FIG. 8, a Ni-Fe alloy film which
is to constifute the upper layer 322 of the second magnetic
film 320 was formed through frame plating.
10 Then, after removing the frame 14, ion milling was
performed on the portion that has been covered by the frame
until the Au constituting the non-magnetic film 313 was
reached, by using the Ni-Fe alloy film 322 which has been
formed through plating as a sacrifice mask. FIG., 9 shows the
15 state achieved when this process was completed. |
Afterthls a cover 16 was provided by resist on the
pole tips as shown in FIG. 10, and then finally, chemical
etching was performed before the cover resist was removed.
Thus, the structure shown in FIG. 11 was formed.
20 In this structure, the cover resist and the Au
constituting the non-magnetic film 313 are not eroded by the
etcﬁant. This makes it possible to prevent the second
magnetic shield film 311 from being damaged by the etchant.
A combined type thin film magnetic head with its
% upper shield / first magnetic film constituted as a NiFe single
layer film was also prepared to present an example for
comparison against the combined type thin film magnetic head



It is a still further object of the present invention fto . provi de a
nmet hod for manufacturing the conbined type 20 MepHAEshid HRGRESRARSG | bed
above. : In order to achieve the objects {111 , the
conbi ned type thin fil mmagnetic head a%cordi ng to th?ﬂﬂ[’H’m ,'m E
invention is provided with an MR el emrent and an induc _ ment .
25 The MR el enent includes an MR film a first nmagnetic

according to the present invention, and the electromagnetic
conversion characteristics of the two magnetic heads were
compared, It is to be noted that the film thickness of the NiFe
single layer film was set at 2.5 m. In this structure, the
5 coil of ﬂie write head wés at 14T, the recording gap length
at 0,35 2m, the lengtﬁ of the gap between the shields at
0.28 um, the height of the MR element at 1.5z m, the throat
height at 1.4 um, the width of the write track at 3.2 um
and the width of the read track at 2.5um. Media at 200

0 Oe with their tBR at 100G uzm were used.
Table 1 shows the results of off-track characteristics_

measurement.
Table 1
Second magnetic " Optical write Effective write Recording fringing
shield /first track width track width quantity (pm
magnetic film material (uwm) (nw y
NiFeTa/Au/FeZrN 324 327 0.03
ike T 354 029

{(example for comparison)

. In this measurement, the effective write track width is

gt obtained as the PW50 of the corresponding off track profile.

The measurement was performed with the line recording
density at 20kFCI and the flying height at 70pm.

With the recording fringing determined as the difference

between the optical write track width and the effective write

20 track width, the fringing quantity is smaller when the first

magnetic film is constituted as a two-layer film with a pole



shield filmand a second nmagnetic shield film w th-thefi+rst-
magnetic shield filmand the second magnetic shield f||
provi ded on the two sides of the MR film

10

heet Has Been Reﬂlaced :
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formed at the upper layer. This proves that the strixcture

according to the present invention achieves a clearer recording
state.
The advantage achieved by constituting the pole with
a material with high magnetic flux density are listed below.
K the saturation magnetization is low at the pole and the
recording current is increased, the magnetization transition
region of the medium e:ipands due to the magnetic saturation
at the front end of the pole, resulting in reduced output. The
results of the measurement of the saturation characteristics
of the output voltage indicate that, with the line recording
density at which the standardized output is halved {1/2)
designated D50, while the D50 in the example for comparison
is approximately 110kFCI, a .value of approximately IISkFCI
is achieved in the structure according to the present

invention. It may be safely assumed that this difference is

attributable to the difference in the recording magnetic field

distribution. | |
Table 2 shows the output voltages and the PWGS0 of
the output voltage waveforms in the combined type thin film
magnetié head according to the present invention and the
combined type thin film magnetic head .in the example for
comparison. It is to be noted that the sense current value was
set at BmA.



The ihductive elenent is provided with a thin film magnetic circuit

constituted with a first magnetic film a coil ———%—I—m—wm—eh—rs—
supported by an insulating film a second 5 et C, eealge 1a2q92P
film and is conbined with the MR = elerrentvm netic
filmplaced as if to lie adj acent to the seco eld
film The first rragnetlcfllmandthes shield
Table 2

Second magnetic output voltage P50 (nm)

shield / first (u¥p-p)

magnetic film material

- NiFeTa,/Au/FeZrN 920 378

NiFe 700 380

(example for comparisom)

The results shown in FIG. 2 indicate that when a Ni
-Fe-Ta alloy film with a low saturation magnetization' of 7
kGauss is used to constitute the second magnetic shield film

5 311, which is placed adjacent to the MR film 210, the output

voltage improves because the influence of the static magnetic
field applied by the magnetic shield film 311 to the magnetic
field response film of the spin valve film is reduced or
because the magnetic flux is not absorbed more than

10 necessary. In addition, it is verified that there is no significant

difference in the PW50 of the output voltage waveform
regardless of which material is used to constitute the second
magnetic shield film, its function as the magnetic shield film
being fulfilled in either case. '

15 It is to be noted that since, if a material with an
extremely low saturation magnétization and an extremely low
permeability is used to constitute the first magnetic shield
film, its function as the magnetic shield film naturally becomes

insufficiont and the PW50 of the output voltage waveform

20 expands as a result, it is necessary to select a material that

achieves an improvement in output voltage ‘without spreading



filmare separated fromeach other by a non-nmagnetic film 10 and the .

filmthickness of the non-nagnetic filmis selected at a val ue

whi ch i nduces magneti c coupling between the second magneti Cc shleld
filmand the first magnetic film The flmtsmag@e;‘eé.me lade
provided with a first pole tip arfd the width pf t|p
Is smaller than the 15 w dth of the second rragnetlc aﬂ!

Furt hernore, the saturation magnetization of the Tirs

i s higher the PW50 as in the embodiment.

As has been explained, according to the present
invention, the following advantages are achieved.
a) A combined type thin film magnetic head that is
5 provided with an inductive conversion element for recording in
combination with an MR element for reproduction that
achieves a high output voltage without being r_iependent upon
the speed of the recording medium is provided. |
b) A combined type thin film magnetic head that
10 achieves an improvement in resolution and high frequency
| characteristics by absorbing magnetic flux that is superfluous
to the MR element is provided. |
¢) A combined fype thin film magnetic head with a
structure wherein the elements are positioned in a desirable
16 manner, i.e., the MR element and the inductive element are
positioned close to each other is provided.
d) A combined type thin film magnetic head structured
in such a manner that a second magnetic shield film of the
MR element and a first magnetic film of the inductive element
» are placed adjacent to each other, in which the second
magnetic shield film and the first magnetic film can be formed
independently of each other with materials that can achieve
the characteristics required of the individual films is provided.
@) A combined type thin film magnetic head with which
£ ~an iﬁprovement in the write capability and the recording
density is achieved and in which side fringing can be
prevented is provided.



than the saturation magnetization of the second magnetlc shield
film The conbined type thin film magnet iC: ’h}ﬁﬁS}leﬂ@G&Bﬁﬂlﬁ
the present invention described above is provided WI t
el ement and the inductive elenent. As a result a
thin filmmgnetic head, which is provuféd I'n uct
el ement for recording in conbination with an I\/R

lac@)  t.o

pe

f) A combined type thin film magnetic head with which
reduction in the reproduction sensitivity and deterioration in
the stability of the MR element due to the influence of the
magnetic shield films can be avoided while still mﬁeﬁng an

5 | improvement in the recording capability is provided.

" &) A-combined type thin film magnetic head that can
achieve a clear recording state while still retaining a compact
head structure is provided.

h) A combined type thin film magnetic head that is .

10 cupable of fully providing the magnetic shielding function while
achieving a clear recording state is provided.



el ement for reproduction which achieves a high output voltage

wi t hout being dependent upon the speed of the recording ais
achi eved. I n addition, since the f| rst %gg\e},tl f I'm
and the - “\

CLAIMS
1. A combined type thin film magnetic head
comprising :
a magnetoresistive conversion element (200) including
5 a magnetoresistive film (210), a first magnetic shield film
(400) and a second magnetic shield film (311) with said first
magnetic shield film (400) and said second magnetic shield
film (311) provided at either side of said magnetoresistive film
(210); and |
10 an inductive conversion element (300) being provided
with a thin  film magnetic circuit constituted with a first
magnetic film (312), a coil film (330) supported by an
insulating film (850), a second magnetic film (320) and a gap
film (340), and being combined with said magnetoresistive
15 conversion element (200) with said first magnetic film (312)
placed as if to be adjacent to said second magnetic shield film
(811), said first magnetic film (312) and said second magnetic
| shield film (311) are separated from each 6ther by a non-
magnetic film (313) with a film thickness of said non-magnetic
20 film (313) selected at a value such that magnetic coupling
is induced between said second magnetic shield film (311) and
said first magnetic film (312) and said first magnetic film
(312) is provided with a first pole portion (P1) with a width
(W1) thereof set smaller than a width of said second
és magnetic shield film (311), and a saturation magnetization of
said first magnetic film (312) is higher than a saturation
magnetization of said second magnetic shield fitm (311). |

RO 0 AR “Ilj Il




second magnetic shield filmare provided on either sideof—the——— M

film in the MR el enment, superfluous nmagnetic flux |sﬂusSh
the first magnetic shi eld filmand the second

ab
t hereby achieving an inprovenent in 5 , resolution m'ﬂﬁﬁ
I stics. Furt hernore, since the

characteristics

provi ded

5

10

| 2. A combined type thin film magnetic head according
1o claim 1, wherein:
said film thickness of said non-magnetic film is smaller
than said film thickness of said second magnetic shield film
or a film thickness of said first magnetic film.
3. A combined type thin film magnetic head according
to claim 1, wherein:
said second magnetic film is provided with a second
pole portion; and ‘
a width of said second pole pértion is set approximately
equal to said width of said first pole portiomn.
4. A combined type thin film magnetic head according
to claim .3. wherein: .
sald gap film is provided between said second pole
porﬁon and said first pole portion; and
said film thickness of said non-magnetic film is set
smaller than a film thickness of said gap film.
5. A combined type thin film magnetic head according
to claim 1, wherein: .
said saturation magnetization of said second magnetic
shield film is less than 10 kGauss; and
said saturation magnetization of said first magnetic film
is at or more than 1.0 kGauss.,
6. A combined type thin film magnetic head according
to claim 5, wherein:
said second magnetic shield film is constituted of an
alloy film that includes at least one of Ni, Fe, Ta and Ti,

VR g

orbed by

mgquency
nt is

with a thin filmmagnetic circuit constltuted with the first

film



magnetic film the coil film supported by'the insulating film the

second magnetic filmand the gap film it is possible tqh,sg;getHanggﬁ ,&gae'
a wite nmgnetic field at the gap film in m

the electric current running to the coil sgilm
since the inductive elenment is combined with the
its first magnetic filmplaced as if to be adj acent to the second

ragnet i c shield 1110 @ealisGits o 80 grold hadiphiond! Sns5) SARA} 4RF1 L1 on ng
said first magnetic film is constituted of an alloy film
that includes Fe, Zr and N.
7. A‘combined type thin film magnetic -head according
] to claim 6, wherein:
said non-magnetic film is constituted of a metal film
constituted of Au, Ag, Ti or Ta. _
8. A combined type thin film magnetic head according
to claim 1, wherein:
T  said magnetoresistive conversion eclement has a spin
valve film structure.
9. A combined type thin film magnetic head according
to claim 8, wherein:
 said spin valve film structure includes a first
15 ferromagnetic film, a non- magnetic film, a second
ferromagnetic film and an anti- ferromagnetic film: _
‘ 'said first ferromagnetic film and said second
ferromagnetic film, are separated from each other by said non
-magnetic film; and
% said anti-ferromagnetic film is coupled to either said
first ferromagnetic film or said second ferromagnetic film.
10. A method for manufacturing a combined type thin
film magnetic head having a magnetoresistive conversion
clement and an inductive conversion element comprising the
% steps of:
formmg a lammated film comprising a second magnetxc
shield film, a non—nmgnenc film and a first magnetxc film

T ———
—
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magneti c conversion el ements placed close to each other. The

first magnetic filmincluded in the inductive el enent and the second
magnetic shield filmare separated from each other by a non- magnetic
film In such a structure, it 20 is possible to formthe second
magnetic shield film and the firsst magnetic filmindependently of
each other using materials that can achi eve characteristics
required of the individual ' . films.

on top of said magnetoresistive conversion element;
laminating sequentially a gap film and a coil film
supported by an insulating film of ‘ saild inductive conversion
element on top of said laminated ﬁhn; |
5 forming a second magnetic film of said inductive
conversion element through plating method employing a frame;
removing said frame; and
performing ion milling on said laminated film
comprising said second magnetic shield film, said non-magnetic
®  film and seid first magnetic film in an area that has been
covered by said frame until said non-magnetic film is reached,
fo set a width of said first magnetic film smaller than a
width of said second magnetic shield film.

This Sheet Has Been R
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The §ilmthickness of the non-magnetic filmis selected 25 at a val ue

such that magnetic coupling is induced between t he second nagnetic
shield filmand the first magnetic film " In this structure, the
wite capability and the recording density
9 .

-“32-

COMBINED TYPE THIN FILM MAGNETIC HEAD
ABSTRACT
An MR element (200) and an inductive element (300) are provided. The MR

element (200) is provided with a first magnetic shield film (400) and a second magnetic
shield film (311) on the two sides of a magnetoresistive fitm (210). . A first magnetic
film (312) of the inductive element (300) and the second magnetic shield film (311) are
separated from each other by a .non-magmtic film (313). The non-magnetic film (313)
induces magnetic coupling between the second magnetic shield fitm (311) and the first

_ magnetic film (312). The width (W1) of the first pole portion (P1) of the first magnetic
film (312) is smailer than the width of the second magpetic shield film (311) and the
saturation magnetization of the first magnetic film (312) is higher than the saturation
magnetization of the second magnetic shield film (311).
Fig. 1

This Sheet Has Been RTlaced




are inproved and side fringing is prevented with the magnetic

cowpling induced between the second magnetic shield film and t he
first magnetic film The thickness of the non- magnetic filmis a
vital factor when inducing magnetic coupling between 5 t he second
magnetic shield filmand the first magnetic film If it is too
great, the nmagnetic coupling between the second magnetic shield film
and the first nmagnetic film wll be i nsufficient, whereas if it is
too small, a defective filmwill /2sult, due to pin holes or the

| i ke. Thus, the thickness of 10 t he non-magnetic filmnust be set at a
val ue whi ch ensures that s@if probl ens do not occur. I'n
addi tion, sinceiﬁm3$EQMLation gheprzaii on of the- first magnetic
filmis higher than | [ g 268t i on of the second

magnetic shield fiéﬂ@ an i

recording capability is
achieved and ar '

—_—
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reproeduction sensitivity and dégradation in the stability of the | MR

el ement due to the influence of the magnetic shield filns can be

avoi ded. Furthernore, the width of the first pole tip
constituting 20 the inductive elenent is smaller than the width of the
second magnetic shield film In such a structure, since a pole tip
of the first magnetic filmis fornmed at the air bearing surface, a
cl ear recording state can be achi eved. Even nore desirabl e,
the width of the first pole tip 25 sg?yld be set approxi mately the sane
as the width of the second pole tlp of the second magnetic film This
w || achieve an even clearer recording state.
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BRI EF 'DESCRI PTI ON OF THE DRAW NGS These and ot her advant ages,

features and objects of the present invention will be understood by
t hose of ordinary skill in the art referring to the annexed
drawi ngs, given purely’'5 by way of non- linmtive exanple, in which;
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FIG 1 is a perspective of the conbined type thin film magneti c
head according to the present invention in a di sassenbl ed state;
FIG 2 is an enlarged view show ng the nagnetic 10 conversi on el enent
portion of the conmbined type thin film magnetic head shown in FIG 1
in a disassenbl ed state; - FIG 3 is a cross section of the
conbi ned type thin fllmnngnetlc4ppad shown in FIG 1,
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FIG .4 is an enlarged frontal cross section of the 15 magneti c

_ conversion elenent portion of the conbined type thin ' filmmagnetic
head shown in FIG 3; FIG 5 is an enlarged side cross section
of the conbi ned type thin fil mmagnetic head shown in FIG 3;

- FIG 6 is an enlarged cross section of the 20
magnet or esi stance effect elenent portion constituted of a .spin

valve film FIG 7 shows537process i ncluded in the nmethod for
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manuf acturing a conbined type thin fil mmagnetic head according to

the' present invention; 25 FIG 8 shows a process that is executed
after the process shown in FIG 7, FIG 9 shows a
process that is executed after the
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proceSs shown in FIG 8; FIG 10 shows a process that is
executed after the process shown in FIG 9; and ' FIG 11
shows a process that is executed after the 5 .process shown in FIG 10.
BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Referring to FIGS. 1
to 4, the conbined type thin film :
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THIN FIL

TECHNICAL FIELD

The present invention relates to a combined type thin
film magnetic head which is employed in a magnetic disk
apparatus. |

BACKGROUND ART

A great deal of interest has been focused on
magnetoresistive conversion elements (hereafter referred to as
MR elements) which utilize the magnetoresistance effect because
their output voltage is not dependent ﬁpon the speed of the
recording medium and a high output can be achieved. A thin
film head which is provided with an inductive conversion
element ( hereafter referred to '‘as an inductive element) for
recording in combination with an MR element for reproduction
is called a combined type thin filrﬂ Iﬁagnetic head.
‘ In a combined type thin film magnetic head, an upper
magnetic shield film and a lower magnetic shield film are
provided via an insulating layer above and under a
magnetoresistance effect element that constitutes an MR
element. These magnetic shield films are provided to absorb
superfluous magnetic flux and to improve the resolution and
the high frequency characteristics so that the recording density
can. be improved.

Magnetic shield films are constituted of material with
high permeability and high sat_uration magﬁetization and,
therefore , Ni- Fe alloys with low

low- coercivity and
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The base body 100 is constituted of a ceram c structure Steh—as
Allerr]Jerr]-TiC, and an insulating film 120 constituted |ofREPLAGEMENT SHEET
Al[err]Jerr], SIQ2 or the like is provided on the base b TOU.  The
base body 100 is provided with an air bed&ring surface 20 hgrse?QNem7
referred to as the ABS surface) 130 at one surface i Ch ces
opposite the nmagnetic disk. Base bodies in the kno ~Ret-uee—a

type in which a r%%r%gt(ﬁ%u?ﬁ ?ﬁ@e dgd often L}seat. the sufface that faces

opposite the magneti surface of the-Trarft—portron
constituting the ABS SUrjfffhesé Unexamined Patent Publication No. 169023/

1995 discloses an example in which a film constituted by
laminating a Ni- Fe alloy over a plurality of layers via
5 intermediate non- magnetic films is employed as é. magnetic
shield film. 1t reports that this improves fhe permeability and
that, with the mégnetic domain stabilized, a reduction in
noise is achieved.
Now, with magnetic disk apparatuses becoming more
10 and more miniaturized, it is desired that the gap between the
upper and lower shields in a magnetic head be reduced in
order to support higher recording density. In addition, in a
combined type thin film magnetic head, which is provided with
both an MR el_ement and an inductive élement, it is necessary
15 to position the two magnetic conversion elements as close as
| possible. |
_ As a means for meeting these réquirements, a structure
L : in which the upper magnetic shield film also functions as the
lower magnetic film of the inductive element is employed.
.20 This structure is disclosed in Japanese Unexamined Patent
Publication No. 44917/1976.
However, in an inductive element in which the upper
~ magnetic shield film also functions as a lower magnetic film, |
no pole is formed at the lower magnetic film at the slider
25 surface (air bearing surface). Because of this, when a write
is performed with an inductive element in which the upper

magnetic shield film constitutes the lower magnetic shield film,
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25 type in which the surface facing opposite the magneti
a flat surface without a rail portion, wth alnost the entjrg 05
surface constituting the ABS surface, an% the |ike. JUN 1997
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the recording is less clear ( recording fringing occurs)
compared to a write performed with an inductive element
provided with an upper pole and a lower pole. |
| In recent years, it has become extremely vital to
narrow the tracks due to increases in recording density, and
the recording state achieved with a narrow track pitch has
become an important factor to be considered along with
reproduction efficiency. Thus, the solution to the problem of
the recording fringing described above has become a critical
matter. On page 133 of Japanese Applied Magnetics Académic
Society Lecture Abstract Collection (1994), a pole trimming
design appears in which' the widths of the upper and lower
cores (the width of the upper and lower poles) are matched
in order to eliminate the recording fringing attributed to the
head design. Howe\?er, it does not refer to a design structure
in which the upper magnetic shield film also functiohs as a

lower magnetic‘ film,
In addition, in order to support the higher recdrding

density, the coercivity in the recording medium has been

20 increased and this necessitates an increase in the recording

capability of the inductive element. This may be achieved by

raising the saturation magnetization of the inductive element,

and a great number of materials such as Fe- N group

materials are being considered. For instance, on page 121 of

25 Japanese Applied Magnetics Academic Society Lecture Abstract

Collection (1992), the recording / reproduction characteristics

\of a comblned type th1n film magnetic head whose second
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A first magnetic shield film (lower magnetic shield: FRIEFMQEMEM SBEET
| am nated onto the insulating film 120, and an I nsulfatfi ng

is kam nated onto the first magnetic shield 5 film4@0. WSJUN
insulating film500 is constituted of Al20[err], Si(err] 1%967

| i ke. A second magnetic shield film (upper magnetic Shretd fi.

311 is provided on the insulating film 500. he MR el errent

200 i's provided eﬂé%%g‘gﬂ tfind N§ constitutb@SHt 3 | REFd /dN S hre dRcRiETt—

200 is provided w
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A high saturation magnetization and a high
permeability are positive characteristics in a magnetic shield
film, too, since they improve the shielding effect. However,
when a shielding material with a high permeaﬁility is
employed, since the magnetic shield film absorbs the magnetic
flux that should ﬁormally be taken into the magnetoresistive
(MR) film as well, the reproduction sensitivity is lowered. As
a means for solving this problem, Japanese Unexamined Patent
Publication No. 174334/1993 discloses a structure in which a
magnetic shield film whose permeability is lower than that
of the MR film is employed. However, this publication does
not refer to a structure of the upper magnetic shield film that
should be achieved when adopting the structure in which the
upper magnetic shield film also functions as the lower
magnetic film of the inductive element.
_ Furthermore, as recording density increases and the
insulating layer of the MR element becomes thinner, the
influence of the magnetic shield films on the reproduction
sensitivity and output fluctuation is no longer insignificant. In
particular, if a spin valve film is used to comnstitute the MR
element, since the film thickness of the external magnetic
field response film is smaller than that of a normal magnetic
anisotropic MR film and the rotation angle of magnetization
is great, the influence of the static magnetic field applied by

the magnetic shield films becomes also great.
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0] MR film 210 and a | ead conductor 220. The jnducti ve

el ement 800, which is provided with a first magnetic fil mpRgd Ay
maghetic film 312, a second magnetic film (upper magnet] ¢4 ?ngENT SHEET
320, a coil film330, a . gap film®40 that may be constit t d_of

alumna or the like, 15 an insulating film350 constitute 85 JUN 997
organi ¢ resin such as Novol ak resin, and a protective fiI 360, is

l'ami nated onto DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a
- combined type thin film magnetic head that is provided with
an inductive element for recording in combination with an MR
5 element for reproduction thaf- achieves a high output voltage
without being dependent upon the Speéd of the reéording
medium.
It is a further object .of the present invention to
provide a combined type thin film magnetic head that achieves
10 an improvement in resolution and high frequency
characteristics by absorbing magnetic flux that is superfluous
to the MR elemenf.
It is a still further object of the present invention to
provide a combined type thin film magnetic head with a
15 structure wherein the elements are positioned in a desirable
manner, i.e., the MR element and the inductive element are
_positioned close to each other.
It is a still further object of the present invention to
provide a combined type thin film magnetic head structured
20 | "in such a manner that a second magnetic shield film of the
MR element and a first magnetic film of the induétive element
are placed adjacent to each other, in which the second
magnetic shield film and the first magnetic film can be formed
independently of each other with materials that can achieve
25 the characteristics required of the individual films. |

It is a still further object of the present invention to

_provide a combined type thin film magnetic head with which
\
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. ‘ REFLAGEME i
the insulating film500. The front end portions of the first e
magnetic film 312 and the second nagnetic film 320 constitute qsn'h?N 1997

tips P1 and P2 which face opposite each other over the 20

340, whose thickness is very small, and Writeis per for d the

pole tips P1 and P2. The yol ked portions of the first

magnetic film 312 and © the second magnetic film 320 are I+ e
each other so an impro¥dmgntoiwl ehe arimyr@ipability cind athe h%cb@dingap

portion
: density is achieved and in which side fringing can be

prevented.
It is a still further object of the present invention to
5 provide a combined type thin film magnetic head with which
redgction in the reproduction sensitivity .and deterioration in
the stability of thé MR element due to the influence of the
magnetic shield films can be avoided while still achieving an
improvement in the recording capability. ' |
10 It is a still further object of the present invention 'to_
provide a combined type thin film magnetic head that can
achieve a clear recording state while still retaining a compact
head structure.
It is a still further object of the present invention to
15 provide a combined type thin filmi magnetic head that is
capable of fully providing the magneticlz shielding function while
achieving a clear recording state.

| It is a still further object of the present invention to
pr'qvide a method for maﬁufacturihg the combined type

20 magnetic heads described above.
In order to achieve the objects described above, the
combined type thin film magnetic head according to the present
invention is provided with an MR element and an inductive

element.

25 The MR element includes an MR film, a first magnetic
shield film and a second magnetic shield film, with the first

magnetic shield film and the second magnetic shield film
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25 which is on the opposite side fromthe pole tips P1 and P2.
The coil*film330 is formed on the insulating film350 in REPL%HWEIQT SHEET

manher that it wi nds around the |inking p70rtion of the
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provided on the two sides of the MR film.

The inductive element is provided with a thin film

magnetic circuit constituted with a first magnetic film, a coil
film which is supported by an insulating film, a second
magnetic film and a gap film, and is combined with the MR
element with the first magnetic film placed as if to lie

adjacent to the second magnetic shield film.

The first magnetic film and the second magnetic shield
film are separated from each other by a noﬁ-magnetic film,
and the film thickness of the non-magnetic film is selected at
a value which induces magnetic coupling betweén the second
magnetic shield film and the first magnetic film.

The first magnetic film is provided with a first pole
tip and the width of the first pole tip is smaller .than the
width of the second magnetic shield film. Furthermqre, the
saturation magnetization of the first magnetic film is. higher
than the saturation magnetization of the second magnetic shield
‘film.

The combined. type thin film magnetic head according
to the present invention described above is provided with the

MR element and the inductive element.: As a result, a
combined type thin film maghetic head, which is provided with
‘an inductive element for recording in combination with an MR

element for reproduction which achieves a high output voltage

25 without being dependent upon the speed of the recording
medium, is achieved.
In addition, since the first magnetic shield film and the
This Sheet Has Been Re
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yol ked portions in a coil. ' I n the conbined strudt

descri bed above, the film t hi ckness of the non- magnetic f| ia ﬁﬁ
sel ected at a val ue whi ch i nduces magnetic coupling bet N %97
second magnetic 5 shield film 3118nd the first magneti|c ln1 312

In such a structure, with nmagnetic coupling induced betjnween the
+ second magnetic shield film 311 and the first nagnetic fr+m3t2—-+

i s possible to achigashdinhgRERYeSMEld il NEeWpkbPidedPdBl kithér side of the

MR film in the MR e_lement, superfluous magnetic flux is
absorbed by the first magnetic shield film and the second
magnetic shield film, thereby achieving an improvement in

5 resolution and in high frequency characteristics.

Furthermore, since the inductive element is provided
with a thin film magnetic circuit constituted with' the first
magnetic film, the coil film supported by the insulating film,
. the second magnetic film and the gap film, it is possible to

10 generate a write magnetic field at the gap film in -
correspondence to the electric current running to the coil film.

Moreover, since the inductive element is combined with
the MR element with its fii'st magnetic film placed as if to

i be adjacent to the second magnetic shield film, a structure

15 - with -desirable element positioning is achieved, with the two

magnetic conversion elements placed close to each other.
The first magnetic film included in the inductive
élement and the second magnetic shield film are separated from
each other lgy a non-magnetic film. In such a structure, it
20 is possibie fo_ form the second magnetic shield film and the
first magnetic film independently of each other using materials
that can achieve characteristics required of the individual

films.

The film thickness of the non-magnetic film is selected
25 at a wvalue such that magnetic coupling is induced between
the second magnetic shield film and the first magnetic film.

In this structure the write capability and the recording density
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and the recording density while preventing side fringing. The
t hi ckness of the non- magnetic film 313 is an inportant

respect to inducing nmagnetic coupling between the seconpd
shield film311 and the first magnetic fi9m 312. If the}t
:too large, the magnetic coupling bet ween the, second
"shield film311l and the first 15 magnetic film 312 will b

wher gas irh ?i'dvéds anfOside fringth@ s pReviaiteat with ff
to result, due to pin h

i nsufficient,

| OREPLACEMEMT SHEET
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es and the |Iike. The thickness of the

non-magnetic film Z43plingt induced between the second magnetic shield film and

10

16

the first magnetic film. The thickness of the non-magnetic
film is a wvital factor when inducing magnetic coupling between
the second magnetic shield film and the first magnetic film.
If it is too great, the magnetic coupling between the second
magnetic shield film and the first magnetic film will be
insufficient, whereas if it is too small, a defective film will
result, due to pin holes or the like. Thus, the thickness of
the non-magnetic film must be set at a value which ensures
that such problems do not occur.

In addition, since the saturation magnetization of the

first magnetic film is higher than the saturation magnetization
of the second magnetic. shield film, an improvement in the
recording capability is. achieved and a reduction in the
reproduction" sensitivity and degradation in the stability of the
MR element due to the influence of the magnetic shield films
| can be avoided.

Furthermore, the width of the first pole tip constituting
the inductive element is smaller than the width of the second
magnetic shield film. In such a structufe, since a pole tip

of the first magnetic film is formed at the air bearing surface,
a .clear recording state can be achieved.

Even more desirable, the width of the first pole tip
should be set approximately the same as the width of the
secoﬁd pole tip of the second magnetic film. This will achieve

an even clearer recording state.
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be set at a value that ensures that these problens do not
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correlation for setting the thickness of the non- 20 magnet i

313; it nust be smaller than the thickness of t he second netic

shield film311 and the first magnetic fi®m 312 . For inst{an@8 JUN 1997
the filmthicknesses of the first magnetic film 312 and th econd
magnetic shield film 311 are at approxirrately 1to 1. 2 p t he -
t hi ckness of the non - 25 g Wﬁq in _a

range of 0. 0Ol to : %R%Elfaﬁ gﬁ%ﬁﬂl%?ﬁ cal oul d be set at

approxi mately
t hi ckness of

10
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0. ’Pﬁeéb And \RhEe rad%%ftﬁé@é,' %at&ek hé‘ﬁdt 8Bjektd Bf the
present invention will be understood by those of ordinary skill
in the art referring to the annexed drawings, givén purely

by way of non-limitive example, in which;

FIG. 1 is a perspective of the combined type thin film

magnetic head aécording to the present inventioﬁ in a
disassembled state;

FIG. 2 is an enlarged view showing the magnetic
conversion element portion of - the combined type thin film
magnetic head shown in FIG. 1 in a disassembied state;
| FIG. 3 is a cross section of the combined type thin
film magnetic head shown in FIG. 1;

FIG. 4 is an enlarged frontal cross section of the
maé‘nétic conversion element portion of the combined type thin
film magnetic head shown in FIG. 3;

FIG. 5 is an enlarged side cross section of the

- . combined type thin film magnetic head shown in FIG. 3;

FIG. 6 1is an enlarged cross section of the

20 magnetoresistance effect element portion constituted of a spin
valve film;

FIG. 7 shows a process included in the method for
manufacturing a combined type thin film magnetic head
according to the present invention;

25 FIG. 8 shows a process that is executed after the
process shown in FIG. 7;
”“KK FIG. 9 shows a proceés that is executed after the
This Sheet Has Beg, -
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t he non-nmagnetic film 313 should be set smaller than the film

t hi ckness of the gap film 340 of the inductive el ement. REPLACEMENT rSHEET

addition, the first magnetic film 312 is provided with fhe TTrsrpote

tip P1, with the width W of the first pHle 05JUN1997r€’
process shown in FIG. 8;

FIG. 10 shows a process that is executed after the
process shown in FIG. 9; and
FIG. 11 shows a process that- is executed after the

5 process shown in FIG. 10.

BEST MODE FOR CARRYING OUT THE INVENTION
Referring to FIGS. 1 to 4, the combined type thin film
magnetic head is provided with an MR element 200 which is
employed as a read element and an inductive element 300
10 which is employed as a write element on a bése body 100
which constitutes a slider. While a structure in which the
inductive element 300 is laminated onto the MR element 200
is disclosed in this embodiment, a structure in which the MR
element 200 is laminated onto the inductiy'e element 300 may

15 be adopted. | |

The base body 100 is constituted of a ceramic structure
.. - such as ALO,-TiC, and an insulating film 120 constituted of
ALO,, SiO; or the like is provided on the bass body 100. The
base body 100 is provided with an air bearing surface
20 (hereafter referred to as the ABS surface) 130 at one surface
which faces opposite the magnetic disk. Base bodies in the
knbwn 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
25 type in which the surface facing opposite the magnetic disk

is a flat surface without a rail portion, with almost the entire

_ ]
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5 tip P1L set smaller than the width W2 of the second magrieiges ' —
shield fi Iom 311 (see FIG 4). Since the wwdth W o\tﬁlE WEME;NJ'[SHEET
pole tip P1 of the first magnetic film 312 constitutifng the

i nductive el enent 300 is set smafi er than the width W ¢f QSeJyn 1997
second magnetic shield 10 film 31 1, it is possible to 1-ofmthe pol e
"tip P1L of the first magnetic film312 at the air beari pg surface—+36—
to achieve sﬂrﬂc%arcoh%ﬂ{lﬁh%g thealBs surface, and the Iker————u __

A first magnetic shield film (lower magnetic shield
film) 400 is laminated onto the insulating film 120, and an
insulating film 500 is laminated onto the first magnetic shield

5 film 400. The insulating film 500 is constituted of Al:Qs;, SiO.
or the like. A second magnetic shield fﬂm (upper magnetic
shield film) 311 is provided on the insulating film 500.

The MR element 200 is provided embedded in the

insulating film 500. The MR element 200 is provided with an
10 MR film 210 and a lead conductor 220.

The inductive element 300, which is provided with a
first magnetic film- ( lower magnetic film) 312, a second
magnetic film (upper magnetic film) 320, a coil film 330, a
gap film 340 that may be constituted of alumina or the like,

15 an insulating film 350 constituted of an organic resin such

as Novolak resin, and a protective film 360, is laminated onto

_the insulating film 500. The front end portions of the first

) ) © - magnetic film 312 and the second magnetic film 320 constitute

| poie tips P1 and P2 which face opposite each other over  the

20 gap film 340, whose thickness is very small, and write is
performed at the pole tips P1 and P2.

The yolked portions of the first magnetic film 312 and
the second magnetic film 320 are linked with each other so
that they complete a magnetic circuit at the back gap portion

25 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 linking portion of the

This Sheet Has Been Replaced

TR




In the enbodi ment, the width WL of the first pole tip Pl is _set

approxi mately the sane as the wdth of the second 15 pole tip PﬁEﬂfACEMENT SH
second magnetic film 320. This achieves an even cl earer rgcq

state. The required width dhd area can be assured fpr 2]e5

second magnetic shield film311 in spite of the reduction in h& 9 JUN 1997
"width of the first pole tip P1. As a result, the original 20 upction _
of the second nagnefdikedhipBlriohs! M &#ldeili - €., functi onf of '

absorbl ng superfluous magnetic flux, can be - ———

5

10

15

In the combined structure described above, the film
thickness of the non-magnetic film 313 is selected at a wvalue
which induces magnetic coupling between the second magnetic
shield film 311 and the first magnetic film 312. In such a
structure, with magnetic coupling induced between the second
magnetic shield film 311 and the first magnetic film 312, it
is posé,ible to achieve an improvement in the write capability
and the recording density while preventing. side fringing. The
film thickness of the non-magnetic film 313 is an important
factor with respect to inducing magnetic coupling between the
second magnetic shield film 311 and the first magnetic film

312. If the thickness is too large, the magnetic coupling

,between the second magnetic shield film 311 and the first

~magnetic film 312 will be insufficient, whereas if it is too

small, a defective film is likely to result, due to pin holes and
the like. The thickness of the non-magnetic film 313 must
Be set at a wvalue that ensures that these problems do not
occur. As a correlation for setting the thickness of the non-
magnetic film 313, it must be smaller than the thickness 6f
the second magnetic shield film 311 and the first magnetic film
312 . For instance, if the film thicknesses of the first
magnetic film 312 and the second magnetic shield film 311 are
at approximately 1 to 1.2 g m, the thickness of the non-
magnetic film 313 should be set within a range of 0. 01 to
0.2 um or, more specifically, it should be set at approximately

0. 05 z m. Another correlation is that the film. thickness of

his Sheet Has Been Replaced
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entirely fulfilled. Mor eover, the second magnetidq qhield Tr1m
311 and the first magnetic film312 are separated frorm daclso lbﬁrmf
by the 25 non-magnetic film313. This nmeans that the second|magnetic

shield film 311 and the first magnetic f#¥ m 312 can be forned
I ndependent|y of each other using nmaterials that achieve the

the non-magnetic film 313 should be set smaller than the film
thickness of the gap film 340 of the inductive element.
In addition, the first magnetic film 312 is provided
with the first pole tip Pl, with the width W1 of the first pole
5 tip P1 set smaller than the width W2 of the second magnetic
shield film 311 (see FIG. 4).
Since the width W1 of the first pole tip P1 of the first
magnetic film 312 constituting the inductive element 300 is
set smaller than the width W2 of the second magnetic shield
10 film 311, it is possible to form the pole tip Pl of the first
magnetic film 312 at the air bearing surfaqe 130 to achieve
a clear recording state. |
In the embodiment, the width W1 of the first pole tip
Pl is set approximately the same as the width of the second
15 pole tip P2 of the second magnetic film 320. This achieves
an even clearer recording state. |
The reqmred Wldth and area can be assured for the
second magnetic shield film 311 in spite of the reduction in
the width of the f;rst pole tip P1. As a re_sult, the original
20 function of the second magnetic shield film 311, i.e., a
function of absorbing superfluous magnetic ﬂux, can be
entirely fulfilled.
Moreover, the second magnetic shield film 311 and the
first magnetic film 312 are separated from each other by the

25 _non-magnetic film 313. This means that the second magnetic

shield film 311 and the first magnetic film 312 can be formed

independently of each other using materials that achieve the

This Sheet Has Been Rep laced
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15 characteristics that are required of the individu | H‘EPLA’ﬁEMENT SHEET
The second nagnetic shield film 311 is constituted of

IIIJ.L et \.4

whose saturation nagnetization is | ower than the sat ur tiog;

magneti zation of the first nagnetic film$812. This 5 actli dvelOaUN 1997
| nprovenent in the recording capability and al so assyir és— a
reduction in the reproduction sensitivity and degr adati on of

stability of the NRhglraec%nstlzc%O tﬁa? are requ1red of the individual films.

The second magnetic shield film 311 is constituted of
a material whose saturation magnetization is lower than the
saturation magnetization of the first magnetic film 312. This
5 - achieves an improvement in the recording capability and also
assures that a reduction in the reproduction sensitivity and
degradation of stability of the MR element 200 due to the

influence of the magnetic shield films are minimized.
The first magnetic shield film 400 which is positioned
10 under the MR element 200 may be constituted of a low
saturation magnetization material whose saturation
magnetization is smaller 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
15 reproduction sensitivity of the magnetic head with the influence
applied by the first magnetic shield film 400, which, in turn,

_ achieves an improvement in the output voltage.

The first magnetic film 312 may be constituted of an
Fe-Zr-N alloy whose saturation magnetization is larger than
20 that of a Ni-Fe alloy. Such a material with a high saturation
magnetization is employed in order to achieve an improvement
in recording characteristics such as the overwrite
~ characteristics, as known to persons skilled in the art. While
an alloy with the composition described earlier is employed
25 in the embodiment, the composition of the material is not
limited to this, and .other ternary alloys constituted of Co, Fe

and Ni, for instance, may be used.

~This Sheet Has Been Rep laced
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magnetic shield films are mininzed. The

—————

first magnetic shield film400 which is positioned 10 under tjhg '\%JUN1997

el ement 200 nay be constituted of a | ow saturation mag eql zation

mat eri al whose

saturation magn#tization is smaller thaf the

saturation nmagneti zation of the MR film 210. By using such._a

material with a | ow saturation nmagnetization, it is possible to

repr Qdugi- Pé- Tansdiidy’i whosé sheurmusie! | Gatidh ide
applied by the first magnetic shield film 400, which, in

i ncrease the 15
i nfl uence
turn,.
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smaller than that of a Ni-Fe alloy is used to constitute the

second magnetic shield film 311. As explained earlier material -

with a low saturation magnetization is used to constitute the
second magnetic shield film 311 because, if a material with
a high saturation magnetization were used, the influence of
the static magnetié field applied by the magnetic shield films
would be strong enough to diminiéh the magnetic inversion
of the magnétic field response magne_tic film, which, in turn,

would reduce the sensitivity. In addition, as explained in

Japanese Unexamined Patent Publication No. 174334/1993, if

the permeability and.the saturation magnetization of a magnetic
shield film are too large, the magnetic flux which should
normally be taken into the MR film will also be absorbed by
the magnetic shield film, resulting in a reduction in the
Sensitivity. However, if the permeability is reduced to a
significant extent, the function as the magnetic shield film will
-not be fulfilled fully. Thus, in this embodiment, a material
with a composition as described above, with a relatively high
permeability and a small saturation magnetization, is used to
constitute the magnetic shield film. While the alloy with the
composition scheme described above is employed in this
embodiment, the magnetic shield film may also be constituted
of any one of the Ni-Fe metal alloys, such as Ni-Fe-Cr,
Ni-Fe-Nb and Ni-Fe-Rh, Co-metal amorphous alloys and the
like.

Au, Ag, Ti and or Ta may be used to constitute the
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achi eves an inprovenent in the output voltage. The RE
magnetic-film 312 may be constituted of an Fe-Zr-N al | oy} v ﬂ-éCEMENT SHEET
satwrati on magnetization is larger than 20 that of a Ni-Fe 8 Such

a material with a high saturation " magneti zation is enpl o ed %nJUN 997
order to achi eve an inprovenent in recording charactgr | CS.

such as the overwite characteristics, as known t persons

skilled in the art.noM+ingnetic filn@N3E3. Mowkeirbr ! hes ofROSS! | Wémhad..._

earlier is enployed
: caused during the manufacturing process, other metals or

oxides may be used.
The film thicknesses of the second magnetic shield film
5 311, the first magnetic film 312 and the non-magnetic film
313 may be set, for instance, at- aﬁproximately 2.7 m,
approximately 1 #m and approximately 0.05 um respectively;
FIG. 6 is an enlarged cross section showing the
structure in further detail of the MR element 200 included in
10 the combined type thin film magnetic head shown in FIG. 1.
The first magnetic shield film 400, an insulating film 510_,
the MR element 200, an insulating film 520 and the second
magnetic shield film 311 are sequentially lanﬁnated on a base
insulating film 120 which is laminated onto the base body 100
15 (not shown). o
| The MR film 210, which constitutes the MR element
200 may be constituted by using an anisotropic MR film, but
J - _ | it is more desirable to constitute it with a spin va.hie film.
© The MR film 210 in the figure is constituted of a spin valve
20 film. The spin valve film in the figure includes a magnetic
field response film (first ferromagnetic film) 211, a non-
maignetic film 212, a pinned ferromagnetic film ( Second
ferromagnetic film) 213 and an anti-ferromagnetic film 214.
It goes without saying that a film structure other than the
25 film structure described above may be adopted for the spin

| valve film.

The MR film 210 constituted of the spin wvalve film is
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25 in the enbodi nent, the conposition of the material is not
limted to this, and other ternary alloys constituted of Co, Fe
Ni , ~for instance, may be used.

REPLACEMENT SHEET 18 16
Fe - Ta all oy whose saturation nagnetization is

formed to have a track width of, for instance, 2. %‘ﬂl,\aﬂd\

is provided with a lead conductor 221 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
5 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
10 211 is constituted of a NiFe film with a film thickness of
approximately 0.1 gm. Under the magnetic field response film
211, a base film which is constituted of a Ta film with a
film thickness of approximately 0.05 g m is provided. The non
-magnetic film 212 is a Cu film with a film thickness of
15 approximately 0. 025 gy m. The pinned ferromagnetic film 213
is constituted of a NiFe film with a film thickness of
approximately 0. 05 x m. The anti—ferromaénetic -film 214 is
constituted of  a FeMn film with a film thickness of
approximately 0.1 zm and is provided with a protective film
20 constituted of a Ta film with a film thickness of
approximately 0. 05 um. However, this film structure with the
specific 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

25 structure may be employed. )
A Ni-Fe-Ta alloy thin film may be used to constitute
the f_irit _magnetic shield film . 400. The Ni-Fe-Ta alloy thin
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smaller than that of a Ni- Fe alloy is used to constitute the REPL@E@BNH SHEET
magnetic*shield film311. As explained earlier materi al

saturation magnetization is used to constitute the 5 secpnd O NI
shield film311 because, if a material wth a hi gh satjurfati on
magneti zati on were used, the influence of the static
applied by the magnetic shield fllns woul d be strong e

——

magnetic film which, in turn, 10 woul d reduce the sensitivity. In
addi tion, as expl & rieduSad for thelalaame&@alsbﬁsaas ntitbdeéatstatedPuddriieat i on No.

174334/ 1993, if
The second magnetic film 320 is a two-layer film
constituted with a first layer 321 and a second layer 322. Fe
5 -Zr-N may be used to constitute the first layer 321 and a
Ni—Ee film may be used to constitute the second layer--322.
The Fe-Zr-N alloy film is a material with a high saturation
magnetization and improves the recording chafacteristics.
Although it is preferable to constitute the second magnetic film
10 320 with a single layer Fe-Zr-N film since a higher
saturation magnetization is achieved, it is constituted in this
embodiment as a laminated film comprising the first layer 321
constituted of F-Zr-N and the second layer 322 constituted
of Ni-Fe for,reasons related to manufacturing method. Their
15 film thicknesses may be set at, for instance, approximately O.
5um for thel first layer 321 and approximately 2 um for the
second layer 322.

) o ALO; may be used to constitute the insulating film 500
of the MR element 200. Its film thickness is set at O. 12ﬁ
20 - m for th(? insulating film 510 between the first magnetic shield
film 400 and the MR film 210, and at approximately 0. 1 u
m for the insulating film 520 between the MR film 210 and
the second magnetic shield film 311. A photoresist film is used
to constitute the insulating film 350 of the inductive element

25 300.
Next, the method for manufacturing a combined type

thin film magnetic head according to the present invention is

This Sheet Has Been R lace




the perneability and the saturation nmagnetization of a magneti REPLACEMENT SHEET
shield filmare too |large, the magnetic flux which should TTOT ey

be taken into the MRfilmw Il also be ahsorbed by 15 t hg ti

shield film resulting in a reduction in%®he sensitivit E@

i f the perneability is reduced to a significant extent, -mrtlon

as the magnetic shield filmwll not be fulfilled fully. Thus, in “
this enbodi nent, a exajlainedl in referent® to CPIG®SITito BB descriDeuabove;

with a relatively high 20 pernmeability and a small saturation

magneti zati on,

10

15

I S used tPirst, the spin valve film constituting the MR film was

formed through ion beam sputtering. The film was formed
under the following conditions: the ultimate vacuum was less
than 5X10°Pa with the vacuum at the time of film formation
at approximately 1.2X10%Pa, 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 magneﬁc field
of approximately 100 Oe was applied when forming each film.
The film structure was as follows: .
base film; Ta film,
film thickness=0.05 4 m
magnetic field response _film; NiFe film,
film thickness=0.1pm
non-magnetic film; Cu film,
film thickness=0. 025 1 m
pinned ferromagnetic film; Co film,
 film thickness=0. 03 £ m
anti-ferromagnetic film; FeMn film,
film thickness=0.1uxm
protective film; Ta filrﬁ,
film thickness=0. 05 um
In the film structure above, the MR change rate was
4. 5% and the magnetic field sensitivity was 0. 5%/0e.
| The Ni- Fe-Ta films used to constitute the first
magnetic shield film 400 and the second magnetic shield film

311 are formed through RF magnetron sputtering. The RF
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REPLACEMENT

constitute the nagnetic shield film Wile the alloy with the

conpositrton schene descri bed above is enployed in this enbepd
t hesmagnetic shield filmmay al so be congﬁltuted of any on
Ni - Fe netal alloys, such as Ni- Fe- Cr, 725 Ni -Fe-Nb and Ni-F
Co- netal anorphous alloys and the l'ike. Au,

or Ta may be used to constitute the
magnetron sputtering film formation was performed under the

following conditions: the ultimate vacuum was less than 1 X
10Pa With the vacuuin at the time of film formation at
approximately' 4 %X 10'Pa, the Ar gas flow rate at 30sccm and
5 the RF power at 1000W. The composition of the formed Ni
| -Fe-Ta film was (Ni-18Fe) -7.2 Ta (at%) and the film . thus
formed has magnetic characteristics such that the saturation
magnetization was 7kGauss and the permeability was at 1800.
The film thickness of the first magnetic shield film was at
10 1 x m whereas the .film thickness of the upper shield lower

layer film was at 2 ym.

The Fe-Zr-N film used to constitute the first magnetic
film 312 was also formed through RF magnetron sputtering.
The film was formed through RF magnetron sputtering under
15 the following conditions: the ultimate vacuum being less than
1x10“Pa with the vacuum at the time of film formation at
approximately 4 X 10'Pa, the AR gas flow rate at 25sccm and
) : _the RF power at 1400W. The composition of the Fe-Zr-N film
thus formed was Fe-7Zr-8N{(at%) and the film has magnetic
20 characteristics such that the saturation magnetization was 14
kGauss and the permeability was at 2500. Its film thickness
was 1 ugm.

An ALO, film, which was formed to constitute the
insulating film 340 to function as a write gap, was formed
25 on the first magnetic film 312, and on tqp of i1; the insulating
- film 350 constituted of photoresist and the coil film 330
supported by the insulating film 350 are formed (see FIG. 5,
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non- magnetic film 313. However, as |long as no probemis C
during the manufacturing process, other netals or oxi des nﬁWWEMENT SHE
used.

5

311,

The fil mthicknesses of the second magnetic
the first magnetic film 312 &d the non-nmagnetic fil

for instance).
An Fe-Zr-N alloy film was formed on the insulating
film 350, through RF mégnetron sputtering, to constitute the
second magnetic film 321. On top of this, a fréme 14,
5 constituted of photoresist, was formed. FIG. 7 shows the state
achi_eved after the process described above was compieted.
Next, as shown in FIG. 8, a Ni-Fe alloy film which
is to constitute the upper layer 322 of the second magnetic
film 820 was formed through frame_ plating. |
10 Then, after removing the frame 14, ion milling was
performed on the portion that has been covered by the frame
until the Au constituting the non-magnetic film 313 was
reached, by using the Ni-Fe alloy film 322 which has been
formed through. plating as a sacrifice mask. FIG. 9 shows the
15 state achieved wh_en this process was completed.
After this, -Ia cover 16 was provided by resist on the
pole tips as shown in FIG. 10, and then finally, chemical
etchmg was performed before the cover resist was removed.
Thus, the structure shown in FIG. 11 was formed.
20 _ In this structure, the cover resist and the Au
constituting the non-magnetic film 313 are not eroded by the
etchant. This makes it possible to prevent the second
magnetic shield film 311 from being damaged by the etchant.
A combined type thin film magnetic head with its
25 upper shield / first magnetic film constituted as a NiFe singie
layer film was also prepared to present an example for

comparison against the combined type thin film magnetic head
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313 may be set, for instance, at approximately 2 p m a

1 p mand approximately 0. 05 p mrespectively. , 3 ﬁ
enl arged cross section show ng the structure in further U
the MR el enent 200 included in 10 t he Zonbi ned type thin filfm4re

head shown in FIG 1. The first magnetic shield film 40

I nsulating film 510, the MR el enent 200, an insulating

the second aoeepding 0 tHal priesens lihventicisquaid | the Yeleatfiomaghletid a

base insulating film 2120 which is | am nated onto the base body 100
: conversion characteristics of the two magnetic heads were

compared. It is to be noted that the film thickness of the NiFe

single layer film was set at 2. 5 ym. In this structure, the
.5 coil of the write head was at 14T, the recording gap length

at O 35 £ m, the length of the gap between the shields at

0.28 £ m, the height of the MR element at 1.5 ¢ m, the throat

height at 1. 4 #m, the width of the write track at 3.2z m

and the width of the read track at 2.5 um. Media at 200
10 Oe with their tBR at 100G ¢ m were used.

Table 1 shows the results of off-track éharacteristics

measurement.
Table 1
Second magnetic Optical write Effective write Recording fringing s
shield /first -track width track width quantity (um
magnetic film material (um) (pmw
‘NiFeTa,/Au/FeZrN 324 327 - 0.03
NiFe 325 354 029

% ) " (example for comparison)

In this measurement, the effective write .track width is

15 obtained as the PW50 of the corresponding off track profile.

The measurement was performed with the line recording
density at 20kFCI and the flying height at 70nm.

With the recording fringing determined as the difference

between the op’t_:ical write track width and the effective write

20 track width, the fringiﬂg quantity is smaller when the first

magnetlc f11m is constituted as a two-layer film with a pole
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15 (not shown). The MR film 210, which constitutgsft
el emrent - 200 may be constituted by using an ani sotropic '
it irs nmore desirable to constitute it with a spin valve film
film210 in the figure is constituted of Z spin valve 20

fi

spin valve filmin the figure includes a nmagnetic fiel dlgesponse ——
film(first ferromagnetic filn 211, a non- magnetic film
pi nned ferromagnet iforiiddn 4t sgedNgpper layer! eThSTEERMdsC fhigtMtha 1 3tARstuas
anti- ferromagnetic film 214. It goes without saying that a film
structure other threoidieig to the present invention achieves a clearer recording
state.
The advantage achieved by constituting the pole with
5 a material with high magnetic flux density are listed below.

If the saturation magnetization is low at the pole and the

recording current is increased, the. magnetization transition

region of the medium expands due to the magnetic saturétion

at the front end of the pole, resulting in reduced output. The

10 results ;)f the measurement of the saturation characteristics

of the output voltage indicate that, with the line recording

density at which the standardized output is halved (1/2)

designated D50, while the D50 in the example for comparison

is approximately 110kFCI, a value of approximately 115kFCI

15 is achieved in the structure according to the present

invention. It may be safely assumed that this difference is

attributable to the difference- in thé recording magnetic field
distribution.

Table 2 shows the output voltages and the PW50 of

20 the output voltage waveforms in the combined type thin film

| magnetic head according to the present inventidn and the

combined type thin film magnetic head in the example for

comparison. It is to be noted that the sense current value was

set at 6mA.
' NN




25 film structure described above may be adopted for the

valve film
filmis

10

"

16

20

The MR film 210 constituted of the ;m'ﬂhAQEMW SHEéT
18 -
25
05 JUN 1997
Table 2
Second magnetic output voltage PW50 (nm)
shield / first (uVp-p)
magnetic film material
NiFeTa,/Au/FeZrN 920 378
NiFe 700 - 380

(example for comparison)

The results shown in FIG. 2 indicate that when a Ni
-Fe-Ta alloy film with a low saturation magnetization of 7
kGauss is used to constitute the second magnetic shield film
311, which is placed adjacent to the MR film 210, the output

voltage improves because the influence of the static magnetic
field applied by the magnetic shield film 311 to the magnetic
field response film of the spin valve film is reduced or
because the magnetic flux is not absorbed more than

necessary. In addition, it is verified that there is no significant

~ difference in the PW50 of the output voltage waveform

regardless of which material is used to constitute the second
magnetic shield film, its function as the magnetic shield film
being fulfilled in either case.

It is to be noted that since, if a material with an
extremely low saturation magnetization and an extremely low
permeability is used to constitute the first magnetic shield
film, its function as the magnetic shield film naturally becomes

insufficient and the PW50 of the output -voltage waveform
expands as a result, it is necessary to select a material that

achieves an improvement in output voltage without spreading
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formed to have a track width of, for instance, 2. 5 m ahd
provided-with a | ead conduct or 221 at each end. The Iead REPLACEMrENIrcq'ﬁE;

220 .are each provided with a Co-Pt alloy film 221 ngd an el ectrode
film?222. The Co - Pt alloy film221 is %% provi ded to ifpzﬂ5duwmﬂc
domai n- control on the magnetic field response filmp1lL of the spin
val ve filmby applying a bias magnetic field to thef spin valve 11

The spin val ve Til fnbn B80T heURE 1RS dniodiphdiBvi NG

As has been explained, according to the present

invention, the following advaﬁtages are achieved.
a) A combined type thin film magnetic head that is
5 provided with an inductive conversion element for recording in
combination with an MR element foi' reproduction - that
achieves ~a high output voltage without being dependent upon

the speed of the recording medium is provided.
b) A combined type thin film magnetic head that
10 achieves an improvement in resolution .and high frequency
characteristics by absorbing magnetic flux that is superfluous
to the MR element is provided. |
c) A combined type thin film magnetic head with a
structure wherein the elements are positioned in a desirable
15 manner, i.e., the MR element and the inductive element are

positioned close 1:6 each other is provided.

d) A combined type thin film magnetic head structured
) ) in such a manner that a second magnetic shield film _of the
MR elemenf and a first magnetic film of the inductive element
20 are placed adjacent to each other, in which the second
magnetic shield film and the first magnetic film can be formed
_independently of each other with materials that can achieve
the characteristics required of the individual films is provided.
e) A combined type thin film magnetic head with which
25 an improvement in the write capability and the recording

density is achieved and in which side fringing can be

prevented is provided.
I This Sheet Has
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specific filmstructure. First, the magnetic field response fil 1

211 is coenstituted of a NFe film with a film thickness of OOSJUN””
approximately 0. 1 p m Under the magnetic field response film 211

a base filmwhich is constituted of a Ta?filmwith a filnfthickness

of approximately 0. 05 p mis provided. The non - magnetTe s —

iIs acCufilmwith a filmthickness of 15 approximately 0. 025 p m The
pi nned ferromagnetic filfh Alcdbmbined tyde abint filmt athghletic Hehd Witk whidh a

filmthickness of :

: reduction in the reproduction sensitivity and - deterioration in
the stability of the MR element due to the influence of the
magnetic shield films can be avoided while still achieving an
5 improvement in the recording capability is provided.

g) A combined type thin film magnetic head that can
achieve a clear recording state while still retaining a compact
head structure is provided.

h) A combined type thin film magnetic head that is

10 capable of fully providing the magnetic shielding function while

achieving a clear recording state is provided.
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approximately 0. 05 p m The anti - ferromagnetic film 214 i g

constituted of
0. 2 p mand

a Ta film with a film thickness o appr oxi mat el D . .
s 95 R w97

However, this
i ndi vi dual fil

does not inpose any restrictions
t hi cknesses and anot her {ilm

10

" 15

a FeMh filmwth a filmthickness of appREPUAGEMENY SHEET
is provided with a protectiye film 20 congt totet—of

filmstructure with the speci fic val ups}
m t hi cknesses is given urely by way of pxhople and
@la%lpSefllmstructueor film

A combined type thin film magnetic head
comprising : | |
a magnetoresistive conversion element (200) including
a magnetoresistive film (210), a first magnetic shield film
(400) and a second magnetic shield film (811) with said. first
maénetic shield film (400) and said second magnetic shield
film (311) provided at either side of said magnetoresistive film
(210); and
an inductive conversion elemént (300) being provided
with a thin film magnetic circuit constituted ﬁm a first
magnetic film (312), a coil film (330) supported by an
insulating film (350), a second magnetic film (320) and a gap
film (340), and being combineg with said magnetoresistive
conversion element (200) with said first magnetic film (312)
placed as if to be adjacent to s_ai:d second magnetic shield film
(811), said first magnetic film (812) and said second magnstic
"shield film (311) are separated from each other by a non-
magnetic film (313) with a film thickness of said non-magnetic
| film (313) selected at a | value such that magnetic coupling
is induced between said second magnetic shield film (311) and
said first magnetic film (312) and said first magnetic film
(812) is provided with a first pole portion (Pl) with a width
(W1) thereof set smaller than a width of said second
magnetic shield film (311), and a saturation magnetization of
said first magnetic film (312) is higher than a saturation

magnetization of said second magnetic shield film (311).

TR Th”ﬁliile“iiilﬁﬂl ii'I




25 structure may be enpl oyed. . AN - Fe- Ta al OHLILHPEMENTI SHEET
may be used to constitute

Ni - ‘Fe- Ta alloy thin 19 05
filmis a material with a Iow saturatlon%gnetlzatlon and JUN 199

10

15

25

the first magnetic shield fi 400. The

77

2. A combined type thin film magnetic head according —-

to claim 1, wherein:

said film thickness of said non-magnetic film is smaller
than said film thickness of said second magnetic shield film
or a film thickness of said first magnetic film.

3. A combined type thin film magnetic head according
to claim 1, wherein:

said second magnetic film is provided with a second

pole portion; and

a width of said second pole portion is set approximately
equal to said width of‘ said first pole portion.

4. A combined type thin film magnetic head according
to claim 3, wherein:

said gap film is provided between said second pole

portion and said first pole portion; and

said film thickness of said non- magnetic filni is set

smaller than ‘a film thickness of said gap film.

5. A combined type thin film magnetic head according
to claim 1, wherein:

sa1d saturatlon magnetization of said second magnetm

shield f11m is less than 10 kGauss; and

said saturation magnetization of said first magnetic film
is at or more than 10 kGauss.

6. A combined type thin film magnetic head according
to claim 5, wherein:

said second magnetic shield film is constituted of an

alloy film tha_t includes at least one of Ni, Fe, Ta and Ti,
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it is used for the sane reasons as those stated earlier. .
second magnetic film320 is a two - layer film constitute

REPLACEMENT SHE

Th a —
first layer 321 and a second |layer 322. Fe 5 - Zr- N may be use? .
constitute the first layer 321 and a ®¥ N - Fe film may bejuge #8’“" 997
constitute the second | ayer 322. The Fe- Zr- N alloy filnjiS~a _—
material with a high saturation magneti zation and i nprojpes the

recordi ng charact eyri sionssituted of Ab t@oughoup amdarphbesablleyt dileens
t he second magnetic film

o
AN

said first magnetic film is constituted of an alloy film
that includes Fe, Zr aﬁd N.
7. A combined type thin film magnetic -head according
5 to claim 6, wherein:
~ said non-magnetic film is constituted of a metal film
constituted of Au, Ag, Ti or Ta.
8. A combined type thin film magnetic head according
to claim 1, wherein:
10 said magnetoresistive conversion element has a spin
valve film structure.
9. A combined type thin film magnetic head according
to claim 8, wherein:
said spin wvalve film structure includes a first
15 ferromagnetic film, a non- magnetic film, a second
ferromagnetic film and an anti-ferromagnetic film;
said firs_t ferromagnetic film and said second
ferromagnetic film, are separated from each other 'by said non
~-magnetic film; and
20 said anti-ferromagnetic film is coupled to either said
first ferromagnetic film or said second ferromagnetic film.
10. A method for manufacturing a combined type thin
film magnetic head having a magnetoresistive conversion
element and an inductive conversion element comprising the
25 steps of:
forming a léminated film comprising a second magnetic

shield film, a non-magnetic film and a first magnetic film
_—
| This Sheet Has Been Reilaced
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10 320 with a single layer Fe- Zr- N film since a higher
saturatien nmagnetization is achieved, it is constituted in this
embaedi nent as a laminated filmconprising the first |ayer 321

constituted of F- Zr- N and the second | ayer 322 constituted of Ni-
Fe for reasons related to manufacturing nmethod. Their 15 film
thi cknesses may be set at, for instance, approximtely O. 5p mfor

the first layer 3on 4ap @ppsaidi maagnetoresistivieoconversion elemenbhd | ayer

322.
laminating sequentially a gap film and a coil film

supported by an insulaﬁng film of said inductive conversion
element on top of said laminated film;
5 forming a second magnetic film of said inductive
conversion element through plating method employing a frame;
removing said frame; and
performing ion milling on said laminated film
comprising said second magnetic shield film, said non-magnetic
10 film and said first magnetic film iﬁ an area that has been
covered by said frame until said non-magnetic film is reached,
to set a width of said first magnetic film smaller than a

width of said second magnetic shield film.
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Al2( err] may be used to constitute the insulating film 500 . of the
MR el eneat 200. Its filmthickness is set at 0. 12 p 20 m for the

i nsul ating film510 between the first magnetic shield film 400 and
the MR film 210, and at approximately 0. 1 p m for the insulating
film520 between the MR film 210 and t he second magnetic shield
film311l. A photoresist filmis used .32. to constitute the insulating
f | m 350 of the inductive elenent 25 300. Next, the
thod for manufacturi n@CEMBINED"E¥PEYIHIN FILM MAGNETIC HEAD '
ABSTRACT

An MR element (200) and an inductive element (300) are provided. The MR
element (200) is provided with a first magnetic shield film (400) and a second magnetic
shield film (311) on the two sides of a magnetoresistive film (210). A first magnetic
film (312) of the inductive element (300) and the second magnetic shield film (311) are
separated from each other by a non-magpetic film (313). The non-magnetic film (313)
induces magnetic coupling between the second magnetic shield film (311) and the first
magnetic film (312). The width (W1) of the first pole portion (P1) of the first magnetic
film (312) is smaller than the width of the second magnetic shield film (311) and the
saturation magnetization of the first magrietic film (312) is higher than the saturation
magnetization of the second magnetic shield film (311).

Fig. 1 |

—_—
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thin filmmagnetic head according to the present invention is
explained in reference to FIGS. 7 to 11.- = First, the spin -
valvefllmconstltutlngthe MR fil'mwas

FIG. 1

REPLAGEMENT SHEET

| This Sheet Has Bee 05 JUN w97

HIIIIII N lIIl




formed through i on beam sputtering. The filmwas forned under the

follow png conditions: the ultimte vacuumwas less 5 than 5 x
10[err]Pa with the vacuumat the tine of filmformation at
approximately 1. 2 x 10[err]Pa, the Ar gas flow rate at 7sccm t he
accel eration voltage of the sputter gun at 300V and the Il on current
~at 30mA. It is to be noted that a magnetic field of approxi mately
100 Ce was applied when form ng each fil 10 - The filmstructure was as

foll ows: base film Ta fi

330, 350

FIG. 2
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COMBINED TYPE THIN FILM MAGNETIC HEAD

‘TECHNICAL FIELD

The present invention relates to a combined type thin
film magnetic head Which. | is employed in a magnetic disk
apparatus.

BACKGROUND ART

A great deal of interest has been focused on
magnetoresistive conversion elements (hereafter referred to as
MR elements) which utilize the magnetoresistance effect because
their output voltage is not dependent upon the speed of the
recording medium and a high output can be achieved. A thin
film head which is provided with an inductive ‘conversion
element ( hereafter referred to as an inductive element) for
recording in combination with an MR element for reproduction
is called a combined type thin film magnetic head.

In a combined type thm film magnetic head, an upper
magnetic shield film and a lower magnetic shield film are
provided via an insulating layer above and under a
magnetoresistance effect element that constitutes an MR
element. These magnetic shield films are provided to absorb
superfluous magnetic flux and to improve the resolution and
the high frequency characteristics so that the recording density
can be improved.

Magnetic. shield films are constituted of material with

high permeablhty and h1gh saturatlon magnet1zat10n and,

-therefore, Ni- Fe alloys Wlth low: coerc1v1ty and low



22 P for instance). An Fe- Zr- N all oyj
on the insul ating film 350, through RF nmagnetron spugt
constitute the second magnetic film321. On top of thi
5 constituted of photoresist, was formmed. FIG 7 shows
achieved after the process descri bed above was conpl et ed.

magnetostriction force are often used.

Japanese Unexamined Patent Publication No. 169023/
1995 discloses an example in which a film constituted by
laminating a Ni- Fe alloy over a plurality of .layers via
5 intermediate non- magnetic films is employed as a magnetic
shield film. It reports that this improves the permeability and
that, with _the magnetic domain stabilized, a reduction in
noise is achieved.
Now, with magnetic disk apparatuses becoming more
10 and more miniaturized, it is desired that the gap between the
upper and lower shields in a magnetic head be reduced in
order to support higher recording density. In addition, in a
combined type thin film magnetic head, which is provided with
i both an MR element and an inductive element, it is necessary
15 to position the two magnetic conversion elements as close as
possible.

As a means for meeting these réquirements, a structure
in which the upper magnetic shield film also functions as the
- lower magnetic film of the inductive element is employed.
- 20 This structure is disclosed in Japanese Unexamined Patent

Publication No. 44917/1976.
However, in an inductive element in which the upper
magnetic shield film also functions as a lower magnetic film,
no pole is formed at the lower magnetic film at the slider
25 surface (air bearing surface). Because of this, when a write
is performed with an inductive element in which the upper

magnetic shield film constitutes the lower magnetic shield film,

m o |



Next, assshown in FIG 8, a N - Fe alloy filmwhich .
constitute the upper |layer 322 of the second magnetic “@Lﬁ“ﬁﬁ"ﬁﬁw SHEET
formegd through frane plating. 10 Then, after re ing the frane
14, ion mlling was performed on the portion that has|bebh JUNBH
by the.frane until the Au constituting the non- magpetic film 313
was reached, by using the Ni- Fe alloy film 322 whi ¢h has been

formed through plating 45 3r&AF ' id CGelPSKedr' G rébotdtiE 'A%
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compared to 'a write performed with an inductive element
provided with an upper pole and a lower pole. |

In recent years, it has become extremely wvital to
narrow the tracks due to increases in recording density, and
the recording state achieved with a narrow track pitch has
become an important factor to be considered along with
reproduction efficiency. Thus, the solution to the problem of
the recording fringing described above has become a critical
matter. On page 133 of Japanese Applied Magnetics Académic
Society Lecture Abstract Collection (1994), a pole trimming
design appears in which the widths of the upper and lower
cores (the width of the upper and lower poles) are matched
in order to eliminate the recording fringing attributed to the
head design. However, it does not refer to a design structure
in which the upper magnetic shield film also functions as a
lower magnetic film. -

In addition, in order to support the higher recording
density, the coercivity in the recording medium has been
increased and this necessitates an increase in the recording
capability of the inductive elerhent. This may be achieved by
raising the saturation magnetization of the inductive element,
and a great number of materials such as Fe- N group
materials are being considered. For instance, on page 121 of
Japanese Applied Magnetics Academic Society Lecture Abstract
Collection (1992), the recording / reproduction characteristics

of a combined type thin _film magnetic head whose second
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15 s{ ate achi eved when this process was conpl et ed. M ter
this, a cover 16 was provided by resist on the ‘Bole tips as dhgwn in
FI G <10, and then finally, chem cal et chi ng wasi pauf dUNe®9beflorle t he
cover resist was renoved. Thus, t4e structurfe shown in FIG {11 was

fornmed. 20

constituting the non-magnetic film 313 are not eroded by the

In this structure, the covey TE€SIST and thej Au

etchant. This makes L1 RoSEIbl & (RN 4 SRFR)PeN fim are disclosed.
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A high saturation magnetization and a high
permeability are positive characteristics in a magnetic shield
film, too, since they improve the shielding effect. However,
when a shielding material with a high permeability is
employed, since the magnetic shield film absorbs the magnetic
flux that should normally be taken into the magnetoresistive
(MR) film as well, the reproduction sensitivity is lowered. As
a means for solving this problem, Japanese Unexamined Patent
Publication No. 174334/1993 discloses a structure in which a
magnetic shield film whose permeability is lower than that
of the MR film is employed. However, this publication does
not refer to a structure of the upper magnetic shield film that
should be achieved when adopting the structure in which the
upper magnetic shield film also functions as the Ilower
magnetic - film of the inductive element.
Furthermore, as recording density increases and the
insulating layer of the MR element becomes thinner, the
influence of the magnetic shield films on the reproduction

sensitivity and output fluctuation is no longer insignificant. In

particular, if a spin valve film is used to constitute the MR

element, since the film thickness of the external magnetic
field response film is smaller than that of a normal magnetic
anisotropic MR film and the rotation angle of magnetization
is great, the influence of the static magnetic field applied by

the magnetic shield films becomes also great.
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magneti cgshield film 311 from bei ng damaged by the etchant. E#AQEMEMTASHEE

conbined type thin filmmagnetic head with its 25 upper shifel

magnetic filmconstituted as a N Fe single | ayer filmwgs]al so
' b fﬁr‘dUNe

prepared to present an exanple for 5 conparison agai nst {§hg
type thin filmnmagnetic head
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DISCLOSURE OF THE INVENTION
It is an object of the present invention to provide a
combined type thin film magnetic head that is provided with
an inductive element for recording in combination with an MR
element for reproduction that. achieves a high output voltage
without being dependent upon the speed of the recording
medium.
It is a further object .of the present invention to
provide a combined type thin film magnetic head that achieves
an improvement in resolution and high frequency
characteristics by absorbing magnetic flux that is superfluous
to the MR element.
It is a still further object of the present invention to
provide a combined type thin film magnetic head with a
structure wherein the elements are positioned in a desixjable
manner, i.e., the MR element and the inductive element are

positioned close to each other.

It is a still further object of the present invention to

provide a combined type thin film magnetic head structured
in such a manner that a second magnetic shield film of the
MR element and a first magnetic film of the inductive element
are placed adjacent to each other, in which the second
magnetic shield film and the first magnetic film can be formed
independently of each other with materials that can achieve

the characteristics required of the individual films.
It is a still further object of the present invention to

provide a combined type thin film magnetic head with which



according to the present invention, and the el ectronagnet]i REPLAGEMENT SHEET

conversion characteristics of the two nagneti c heads were —ee-napva-r--ef.
‘It is;to be noted that the filmthickness of the N Fe maa k\?yen
filmwas set"at 2. 5 pm In this structsre, the 5 i 1 4odUN it ¢

the recording gap | ength at 0. |3 J.ength

"head was at 14T,
of the gap betvveen the shiel ds at
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an improvement in the write capablhty and the recording
density is achieved and in which side fringing can be
prevented.

It is a still further object of the present invention to
provide a combined type thin film magnetic head with which
reduction in the reproduction sensitivity and deterioration in
the stability of the MR element due to the influence of the
magnetic shield films can be avoided while still achieving an
improvement in the recording capability.
| It is a still further object of the présent invention to
provide a combined type thin film magnetic head that can

achieve a clear recording state while still retaining a compact
head structure.

It is a still further object of the present invention to
provide a combined type thin film magnetic head that is

capable of fully providing the magnetic shielding function while
achieving a clear recording state.

It is a still further object of the present invention to
provide a method for maﬁufacturing the combined type

magnetic heads described above.

In order to achieve the objects described above, the

combined type thin film magnetic head according to the present
invention is provided with an MR element and an inductive
element.

The MR element includes an MR film, a first r_nagnetic
shield film and a second magnetic shield film, with the first

magnetic shield film and the second magnetic shield film



height at 1. 4 p m the width of the wite track at 3. 2 p
:the wdth of the read track at 2. 5 p m Mdia at 200 10
tBR at 100G p m were used. 7 Table 1 shows the]r
of f- track characteristics measur enent .
Table 1 Second nmagnetic Optical wite EffectiV

Recording fringi Wovided on the two sides of the MR film.

The inductive element is provided with a thin film
magnetic circuit constituted with a first magnetic film, a coil
film which is supported by an insulating film, a second
5 magnetic film and a gap film, and is combined w_ith the MR
element with the first magnetic film placed as if to. lie
adiacent to the second magnetic shield film.
The first magnetic film and the second magnetic shield
- _f"fi‘lm gre separated frém each other b_y a noﬁ-magnetic film,
10 and the film thickness of the non-magnetic film is selected at
a value which induces magnetic coupling between the second
magnetic shield film and the first magnetic film. o
The first magnetic film is provided with a first pole
tip and the width of the first pole tip is smaller .than the
16 width of the second magnetic shield film. Furthermore, the
saturation magnetization of the first magnetic film is higher:
than the saturation magnetization of the second magnetic shield
film. '_
-~ The combined type thin film magnetic head according
20 to the present invention described above is provided with the
MR element and the inductive element.- As a result, a
combined type thin film magnetic head, Which is provided with
an inductive element for recording in combination with an MR
element for reproduction which achieves a high output voltage
25 without being dependent upon the speed of the recording
medium, is achieved.

In addition, since the first magnetic shield film and the



shield /f{irst

track width track width quantit QWC{E&AENT SHEET

magnetic filmmterial (pm (pm Ni FeTa/ pufFeZri

3. 24 3. 27 0.03 Ni Fe i :e.M J 3.5
i3.54 ° 0.29 (exanpl e for eonparison) UN 1997,
‘this nmeasurenent, the effective wite track width is 1 ——ohtained ag

‘the PWs0 of the corresponding off track profile. ) The measur enent
was performed wt hséc%%d! 'Iﬂggﬁeetgc? rsfﬂi@ﬁ film are provided on either side of the
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MR film in the MR element, superfluous magnetic flux is
absorbed by the first magnetic shield film and the second
magnetic shield film, thereby achieving an improvement in
resolution and in high frequency characteristics.

Furthermore, since the inductive element is provided
with a thin film magnetic circuit constituted with the first

magnetic film, the coil film supported by the insulating film,

R tlée second magnetic film and the gap film, it' is possible to

generate a write magnetic field at the gap film in
correspondence to the electric current running to the coil film.
Moreover, since the inductive element is combined with
the MR element with its first magnetic film placed as if to
be adjacent to the second magnetic shield film, a structure
with desirable element positioning is achieved, with the two
inagnetic conversion elements placed close to each other.
The first magnetic film included in the inductive
element and the second magnetic shield film are separated from
each other by a non-magnetic film. In such a structure, it
is possible to form the second maghetic shield film and the
first magnetic film independently of each other using materials
that can achieve characteristics requi;_red of the individual
films. _
The film thickness of the non-magnetic film is selected
at a value such that magnetic coupling is induced betw?en
the second magnetic shield film and the first magnetic film.

In this structure, the write capability and the recording density




3 Cn AT A
density at 20kFCl and the flying height at 70nm REPLACEMENT SHEET /th the
recording fringing determned as the differencs bet weén |t he
optical wite track width and the effective wijtgqg 2@ JUNWEC§ i dth, the
fringing quantity is smaller when the first. magnetic fiilfm is

constituted as a two-layer film with a pole
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are improved and side fringing is prévented with the mégnetic
coupling induced between the second magnetic shield film and

the first magnetic film. The thickness of the non- magnetic

film is a vital factor when inducing magnetic coupling between

the second magnetic shield film and the first rriagnetic film.

If it is too great, the magnetic coupling between the second

magnetic shield film and the first magnetic film will be

insufficient, whereas if it is too small, a defective film will
resu’r:ﬁ]:, due to pin holes or the like. Thus, the thickness of
the non-magnetic film must be set at a value which ensures
that such problems do not occur.

In addition, since the saturation magnetization of th_e
first magnetic film is higher than the saturation magnetization
of the second magnetic shield film, an improvement in the
recording capability is achieved and a reductiion in the
reproduction sensitivity and degradation in the stability of the
MR element due to the influence of the magnetic shield films
can be avoided.

~  Furthermore, the width of the first pole tip constituting

the inductive élement is smaller than the width of the second
magnetic shield film. In such a structufe, since a pble tip
of the first magnetic film is formed at the air bearing surface,
a clear recording state can be achieved.

Even more desirable, the width of the first pole tip
should be set approximately the same as the width of the
second pole tip of the second magnetic film. This will achieve

an even clearer recording state.



24 a X formed at the upper layer. This proves that the stru tfﬂirf —
according to the present invention achieves a clearer recording PLACEMENT S
:State, The advant age achi eved by constituting the polje mith -
-a material with high magnetic flux densityy are |isted bel ow. IJf Yhey N 199;
saturation magnetization is low at the pole and the recordi g currenlf' -

IS I ncreased,

t he magneti zation transition regi on of the nedi Jm
expands due to the magnetic_saturatio

at _the front end_of the pole,

————

resulting in reduced out putBRﬂaléT IDﬁSélRIPrmNt OFof THEe IRAWINGSnt of the

saturation characteri sti%‘?1 of .the gu;IE)ut volfta e indi atg,that, \%th
the line recording ese and other advantages, features and objects of the
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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 perspective of the combined type thin film
magnetic head ac-cording to the present invention in a
disassembled state; |

FIG. 2 is an enlarged view showing the magnetic
conversion element portion of the combined type thin film
magnetic head shown in FIG. 1 in a disassembled state;

FIG. 3 is a cross section of the combined type thin

film magnetic head shown in FIG. 1;

FIG. 4 is an enlarged frontal cross section of the
magnetic conversion element portion of the combined type thin
film magnetic head shown in FIG. 3;

FIG. 5 is an enlarged side cross section of the

. combined type thin film magnetic head shown in FIG. 3;

- FIG. 6 is an enlarged cross section of the
magnetoresistance effect element portion constituted of a spin
valve film;

FIG. 7 shows a process included in the method for
manufacturing a combined type thin film magnetic head
according to the present invention;

FIG. 8 shows a process that is _executed after the
process shown in FIG. 7;

FIG. 9 shows a process that is executed after the

——————



density at which the standardi zed output is halved ( 1/ 2)

D50, while the D50 in the exanple for conparison IS B
| 1l OKFCl, a val ue of approxi mtely 115kFCl 15 i s achi evjeo
structure according to the present 11 i nventi on.
assuned that this difference is attributable to the dlfft4
recordi ng magnetic field ~distribution. ‘

out put vol tages ariﬁ.oag& Péfﬁﬁvﬁf itOF1G! hg. out put vol tage
conbined type thin fil magnetic head according to

invention and the FEQIDiII0eSHPE & hiphobddsm tHAINaS | exBeatkd NaftBF
exanpl e for conparison. It is to be noted that the sense current

val ue was $ocdés Hdwn in FIG. 9; and

desi gnat ed

FIG. 11 shows a process that is executed after the

5 process shown in FIG. 10.

BEST MODE FOR CARRYING OUT THE INVENTION

Referring to FIGS. 1 to 4, the combined type thin film
magnetic head is provided with an MR element 200 which is
employed as a read element and an inductive element 300
10 which is employed as a write element on a bése body 100
which constitutes a slider. While a structure in which the
inductive element 300 is laminated onto the MR element 200
is disclosed in this embodiment, a structure in which the MR
element 200 is laminated ontg the inductive element 300 may

15 be adopted. -
The base body 100 is constituted of a ceramic structure
such as AlLO,-TiC, and an insulating film 120 constituted of
ALQO;, SiO: or the like is provided on the base body 100. The
| base body 100 is provided with an air bearing surface
20 (hereafter referred to as the ABS surface) 130 at one surface
which faces opposite the magnetic disk. Base bodies in the
knbwn 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
‘25 type in which the surface facing opposite the magnetic disk

is a flat surface without a rail portion, with almost the entire



Table 2 =«
shield / first
Ni FeTa/ Au/ FeZr N
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Second ma'ghet I C out put voltage
(pVp-P) magnetic filmmateri al

920 378
. 12

A first magnetic shield film (lower 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 AlLQ,, SiO.
or the like. A second magnetic shield film (upper magnetic
shield film) 311 is provided on the insulating film 500.

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.

The inductive element 300, which is provided with a
first magnetic film- ( lower magnetic film) 312, a second
magnetic film (upper magnetic film) 320, a coil film 330, a
gap film 340 that may be constituted of alumina or the like,
ah insulafing film 350 constituted of an lorganic resin such
as Novolak resin, and a protective film 360, is laminated onto
the insulating film 500. The front end portions of the first
magnetic film 312 and the second magnetic film 320 constitute
pole tips P1 and P2 which face opposite each other over the

gap film 340, whose thickness is very small, —and write is

- performed at the pole tips Pl and P2.

The yolked portions of the first magnetic film 312 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 350 in

such a manner that it winds around the linking portion of the



Ni Fe 380« (exanpl e for conparison) R%PMCEMENT SHEET
.The results shown in FIG 2 indicate that when a N - Fe} Ta alToy '
ifilmwith a | ow saturation magnetization of 7 kGauss ifs usqqygN”W
constitute the second magnetic shield fil#h 5 311, which j j pl ace

adjacent to the MR film 210, the out put vol t age i nprjovesbhetause—]
the influence of the static magnetic field applied by_the magnetic J

shield film311 to {b& MEYPICHGs in a coil.

5
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In the combined structure described above, the film
thickness of the non-magnetic film 313 is selected at a wvalue
which induces magnetic coupling between the second magnetic
shield film 311 and the first magnetic film 312. In such a
strut_:ture, with magnetic coupling induced between the secénd
magnetic shield film 311 and the first magnetic film 312, it
is possible to achieve an improvement in the write capability
and the recording density while preventing. side fringing. The
film thickness of the non-magnetic film 313 is an important
factor with respect td inducing magnetic coupling between the
second magnetic shield film 311 and the first magnetic film.
312. If the thickness is too large, the magnetic coupling
between the, second magnetic shield film 311 and the first
magnetic fil‘r_n ‘312 will be insufficient, whereas if it is too
small, a deféctive film is likely to result, due to pin holes and
the like. The thickness of the non-magnetic film 313 must

be set at a value that ensures that these problems do not

-oecur. As a correlation for setting the thickness of the non-

magnetic film 313, it must be smaller than the thickness of
the second magnetic shield film 311 and the first magnetic film
312 . For instance, if the film thicknesses of the first
magnetic film 312 and the second magnetic shield film 311 are
at approximately 1 to 1.2 g m, the thickness of the non-
magnetic film 313 should be set within a range of 0. 01 to
0.2 um or, more specifically, it should be set at approximately

0. 05 g m. Another correlation is that the film thickness of



field response film of the spin valve film is reduced or REPLAQ@MISSHEE_T

the magnetic flux is not absorbed nore than 10 necessary.} ljn addi tTorm,

it iscverified that there is no significant di ffererjcq inutjmﬁﬁ)
of the output voltage waveform redardl ess of which matferfi al is uset
to constitute the second magnetic shield film its fufpctromras-the—l
magnetic shield film being fulfilled in either case.

the non-magnetic film 313 should be set smaller than the film
thickness of the gap film 340 of the inductive element.
In additi;)n, the first magnetic film 312 is provided
with the first pole tip Pl, with the width W1 of the first pole
5 tip P1 set smaller than the width W2 of the second magnetic
shield film 311 (see FIG. 4). |
Since the width W1 of the first pole tip P1 of the first
magnetic film 312 constituting the inductive element 300 is
set smaller than the width W2 of the second magnetic shield
10 | film 311, it is possible to form the pole tip Pl of the first
magnetic film 312 at the air bearing surface 130 to achieve
a clear recording state. '
In the embodiment, the width W1 of the first pole tip
Pl is set approximately the same as the width of the second
15 pole tip P2 of the second magnetic film 320. This. achieves
an even clearer recording state. |
The required width and area can be assured for tﬁe
second magnetic shield film 311 in spite of the reduction in
the width of the first pole tip Pl. As a re§ult, the original
20 function of the second magnetic shield film 311, i.e., a
function of absorbing superfluous magnetic flux, can be
entirely fulfilled. _
Moreover, the second magnetic shield film 311 and the
- first magnetic film 312 are separated from each othe_r by the
25 non-magnetic film 313. This means that the second magnetic
shield film 311 and the first magnetic film 312 can be formed

independently of each other using materials that achieve the




15 : It is to be noted that since, if a material w | HREPAACEMENT SHEET
extrenely | ow saturation nagneti zation and an extrenely |o
permeability is used to constitute the first magnetic shi el .M'Juhi_% _
its function as the nmagnetic shield filmmwaturally becones
I nsufficient and the PWO0 of the output voltage waveform t—expands.as.l
aresult, it is necessary to select a material that achi eves an

' mprovenent in out p&txar\'/aocltgx?ig?icgm hrl]é)tmarsep rrg((i‘g{rgg of the individual films.

The second magnetic shield film 311 ‘is constituted of

a material whose saturation magﬁetization is lower than the

saturation magnetization of the first magnetic film 312. This

5 achieves an improvement in the recording capability and also

assures that a reduction in the reprdduétion sensitivity and

degradation of stability of the MR element 200 due to the
influence of the magnetic shield films are minimized.

The first magnetic shield film 400 which is positioned

10 under the MR element 200 may be consti_tuted of a low

saturation magnetization material whose saturation

magnetization is smaller than the saturation magnetization of

the MR film 210. By wusing such a material with a low

+ saturation magnetization, it is possible to increase | the

15 . reproduction sensitivity of the magnetic head with the influence

applied by the first magnetic shield film 400, which, in turn,

achieves an improvement in the output voltage.

_ The first magnetic film 312 may be c_dnstituted of an

¥e-Zr-N alloy whose saturation magnetization is larger than

20 that of a Ni-Fe alloy. Such a material with a high saturation

magnetization is employed in order to achieve an improvement

in recording characteristics such as the overwrite

characteristics, as known .to persons skilled in the art. While

an alloy with the composition described earlier is employed

25 in the embodiment, the composition of the material is not

limited to this, and -other ternary alloys constituted of Co, Fe

and Ni, for instance, may be used.




the PW0+as in the enbodi nent. As has been 4xXREPIADEMENT SHEET

according to the present I nvention, the foll ow ng ddyertages—eare
achi eved. a) A conbined type thin film magretfi c He % S
5 provided with an inductive conversien el enent for recJorli '

10

15

]

A Ni-Fe-Ta alloy whose saturation magnetization is
smaller than that of a Ni-Fe alloy is used to constitute the
second magnetic shield film 311. As explained earlier material
with a low saturation magnetization is used to constitute the
second magnetic shield film 311 because, if a material with
a high saturation magnetization were used, the influence of
the static magnetic field applied by the magnetic shield films

would be strong enough to diminish the magnetic inversion

of the magnetic field response magnetic film, which, in turn,

would reduce the sensitivity. In addition, as explained in
Japanese Unexamined Patent Publication No. 174334/1993, if
the permeability and.the saturation magnetization of a magnetic
shield film are too large, the magnetic flux which should
normally be taken into the MR film will also,be absorbed by
the magnetic shield film, resulting in a xjeduction in thé
sensitivity. However, if the permeability ié reduced to a
significant extent, the function as the magnetic shiel_d film will
not be fulfilled fully. Thus, in this embodiment, a material
with a oomposition as described above, with a relatively high
permeability and a small saturation magnetization, is used to
constitute the magnetic shield film. While the alloy with the
composition scheme described ahove .is employed in this
embodiment, the magnetic shield film inay also be constituted
of any one of the Ni-Fe metal alloys, such as Ni-Fe-Cr,
Ni-Fe-Nb and Ni-Fe-Rh, Co-metal amorphous alloys and the
like.

Au, Ag, Ti and or Ta may be used to constitute the



conbi natizon with an MR element for reproduction that %EHMQEIMENBSHCET

hi gh output voltage wi thout being dependent upon thef s
recordi ng mediumis provided. b) A conbined typ wg & *”
magnetic head that |0 achi eves an i npfbvenent in resol ut} n an H 7
frequency characteristics by absorbing magnetic fl ux

super fl uous

to the MR el enent is provided. c) A
conbi ned type thinfj ¢ t St t YL EANE Iﬁh%s‘
el ements are positione H%ﬁ@ﬁlaesrﬁr}ggfiw ybﬁe‘(r%rnn 1{;ﬁ§ H'E n}Y]if’ M be enent
and the inductive glR¥BA! Air¥ng the manufactiring process, other metals or

10

15

oxides may be used.
The film thicknesses of the second magnetic shield film
311, the first magnetic film 312 and the non-magnetic film
313 may be set, for instance, at approximately 2 g m,
approximately 1 #m and approximately 0. 05 uz m respectively.

FIG. 6 is an enlarged cross. section showing the

structure in further _detail of the MR element 200 included in

the combined type thin film magnetic head shown in FIG. 1.
The first magnetic shield film 400, an insulating film 510,
the MR element 200, an insulating film 520 and the second
magnetic shield film 311 are sequentially laminated on a base
insulating film 120 which is laminated onto the base body 100
(not shown). _
The MR film 210, which constitutes the MR element
200 may be constituted by using an anisotropic MR film, but
it is more desirable to constitute it with a spin sfah?e film.
Tﬁe 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 (eecond
ferromagnetic film) 213 and an anti-ferromagnetic film 214.
It goes without saying that a film structure other than the
film structure described above may be adopted for the spin
valve film.

The MR film 210 constituted of the spin valve film is



positioned close to each other is provided. d

type thin filmmagnetic head structured In such a n er t

second magnetic shield filmof the MR el enent and a st ﬁa@hﬁﬁ”ﬂ
filmof the inductive element 20 ar eispl aced adj acent t ach ot her

whi ch the second magnetic shield filmand the first gnetlc filmcan
be forned I ndependently of each other with naterials St

achi eve the SRMGLHR 1aleCs EAMY WRieR! of "ok "Histhlla! 4.8 Pl Sand

provi ded.

10

15
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is provided with a lead conductor 221 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 wvalve film in the figure has the following

specific film structure. First, the magnetic field response film

211 is constituted of a NiFe film with a film thickness of
approximately 0.1 zm. Under the magnetic field response film
211, a base film which is constituted of a Ta film with a
film thickness of approximately 0.05 um is provided. The non
~magnetic film 212 is a Cu film with a film thickness of
approximately 0.025 4 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 um and is provided with a protective film
constituted of a Ta film with a film thickness of
approximately 0. 05 um. However, this film struétufe with the
specific 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
structure may be employed.
A Ni-Fe-Ta alloy thin film may be used to constitute
the first magnetic shield film 400. The Ni-Fe-Ta alloy thin



e) A comzi ned type thin filmmagnetic head with which 25

in the wite capability and the recording densi ty.
whi ch:side fringing can be prevented i s provided.
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film is a material with a low saturation magnetization and

it is used for the same reasons as those stated earlier.

The second magnetic film 320 is a two-layer film

constituted with a first layer 321 and a second layer 322. Fe

5 -Zr-N may be used to constitute the first layer 321 and a

Ni-Fe film may Ee used to constitute the second layer-322.

The Fe-Zr-N alloy film is a material with a high saturation

magnetization and improves the recording characteristics.

Although it is preferable to constitute the second magnetic film

10 320 with a single layer Fe-Zr-N film since a higher

saturation magnetization is achieved, it is constituted in this

embodiment as a laminated film -comprising the first layer 321

constituted of F-Zr-N and the second layer 322 constituted

of Ni-Fe for reasons related to manufacturing method. Their

15 - film thicknesses may be set at, for instance, approximately O.

5um for the first layer 321 and approximately 2 um for the

second layer 322.

ALOs may be used to constitute the insulating film 500
-of the MR element 200. Its film thickness is set at O. 12@

20 m for the insulating film 510 between the first magnetic shield
film 400 and the MR film 210, and at approximately 0.1
m for the insulating film 520 between the MR film 210 and

the second magnetic shield film 311. A photoresist film is used

to constitute the insulating film 350 of the inductive elément

25 300.

Next, the method for manufacturing a combined type

thin film magnetic head according to the present invention is
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f) A conbined type thin filmmagnetic head wi th which
the reproduction sensitivity and deterioration in

the MR el enent due to the influence of the magnetfi

can be avoided while still achieving an % | mprove

recording capability is provided. g) Aco ,
fil mmagnetic head that can achieve a clear recofgding state while

still retaining a C&%ﬁ?ﬁed in reference to FIGS. 7 to 1l.
First, the spin valve film constitutihg the MR film was
formed through ion beam sputtering. The film was formed
under the following conditions: the ultimate vacuum was less
5 than 5X 10°Pa with the vacuum at the time of film formation
at approximately 1.2X10%Pa, 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 was applied_ when forming each film.
10 The film structure was as follows:
base film; Ta film,
film thickness=0. 05 4 m
magnetic field response _film; NiFe film,
o film thickness=0. 1 xm
15 nor_l-magnetic film; Cu film,
| film thickness=0. 025 Lm
pinned ferromagnetic film; Co film,
 film thickness=0. 03 z m
- anti-ferromagnetic film; FeMn film,
20 | ' © film thickness=0.1um
protective film; Ta filrﬁ,
film thickness=Q. 05 um
In the film structure above, the MR change rate was
4. 5% and the magnetic field sensitivity was 0. 5%/0e.
25 " The Ni-Fe-Ta films ﬁsed to constitute the first
magnetic shield film 400 and the second magnetic shield film

311 are formed through RF magnetron sputtering. The RF




head stracture is provided. _ h) A conbined type

magnetic head that is 10 capabl e of fully providing the gnetic
shielding function while achieving a clear recordin t ald JUN 1997
provi ded. : 21
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magnetron sputtering film formation was performed under the
following conditiohs: the ultimate vacuum was less than 1 X
10°Pa with 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 composition of the formed Ni
-Fe-Ta film was (Ni-18Fe) -7.2 Ta (at¥%) and the film. thus
formed has magnetic characteristics such that the saturation
magnetization was 7TkGauss and the permeability was at 1800.

The film thickness of the first magnetic shield film was at -

1 £ m whereas the film thickness of the upper shield lower

layer film was at 2 u# m.

The Fé-Zr-N film used to constitute the first magnetic
film 312 was also formed through RF magnetron sputtering.
The film was formed through RF magnetron sputtering under
the follovﬁng conditions: the ultimate vacuum being less than
1 X 10%Pa with the vacuum at the time of film formation at
approximately 4 X 107'Pa, the AR gas flow rate at 25sccm and
the RF power at 1400W. The composition of the Fe-Zr-N film
thus formed was Fe~7Zr-8N(at%) and the film has magnetic
characteristics such that the saturation magnetization Waé 14
kGauss and the permeability was at 2500. Its film thickness
was 1 pgm. |

An ALO, film, which was formed to constitute the

insulating film 340 to function as a write gap, was formed
on the first magnetic film 312, and on Fop of if the insulating
film 350 constituted of photoresist and the coil film 330

supported by the insulating film 350 are formed (see FIG. 5,
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including 5
film . (400)

magnetic shield f
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a magnet oresi stive film22(210), a first rmdnekic [
AN

28
1. A conbined type thin film {anBBRtACEMENE ZHEET

a magnet oresi stive conversion elleqent— 2Z00)

and a second magnetic shield film (311) jw first
i1 m (400) and said second magnetic shiel @

for instance).

An Fe-Zr-N allqy film was formed on the insulating
film 350, through RF magnetron sputtering, to constitute the
second magnetic film 321. On top of this, a frame 14,
constituted of photoresist, was formed. FIG. 7 shows the state
achieved after the process .described above_ was completed.
Next, as shown in FIG. 8, a Ni-Fe alloy film which
is_ to constitute the upper layer 322 of the second magnetic
film 320 was formed through frame plating. |
Then, after removing the frame 14, ion milling was
performed on the portion that has been covered by the frame
until the Au constituting the non- magnetic film 313 was
reached, by using the Ni-Fe alloy film 322 which has been
formed through plating as a sacrifice mask. FIG. 9 shows the
state achieved when this process was completed.
After this, a cover 16 was provided by resist on the

pole tips as shown in FIG. 10, and then finally, chemical

.etching was performed before the cover resist was removed.

25

Thus, the structure shown in FIG. 11 was formed.
In this structure, the cover resist and the Au
constituting the non-magnetic film 313 are not eroded by the
etchant. This makes it possible to prevent the sécond
magnetic shield film 311 from being damaged by the etchani\:.
A combined type thin film magnetic head with its
upper shiéld / first magnetic film constituted as a NiFe single
layer film was also prepared to present an example for

comparison against the combined type thin film magnetic head
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film (31%) provided at either side of said magnetoresistive fil rEPLACEMENT SHEET

(210); and 10 an i nductive conversion el enment (300) jbgin T
provi ded with a thin filmnmagnetic circuit constituted W h‘g4fJunt1997
magnetic film (312), a coil film (330) Zupported by an

insulating film(350), a second nmagnetic film (320) and a gap Trrm

(340), and being conbined with said nmagnetoresistive
according to the present invention, and the electromagnetic

conversion characteristics of the two magnetic heads were
compared. It is to be noted that the film thickness of the NiFe
single layer film was set at 2.5 g m. In this structure, the
5 coil of the write head was at 14T, the recording gap length
at 0 35 £ m, the length of the gap between the shields at
0. 28 ym, the height of the MR element at 1.5 uxm, the throat
height at 1.4 zm, the width of the write track at 3.2 m
and the width of the read track at 2.5 um. Media at 200
10 | Oe with their tBR at 100G pm were used.

Table 1 shows the results of off-track éharacteristics

measurement. '
Table 1
Second magnetic Optical write Effective write Recording fringing
shield /first -track width track width quantity (um)
magnetic film material {(um) (pm
‘NiFeTa,/Au/FeZrN 3.24 - 8.27 : 0.03
NiFe

(example for comparison) .25 354 0.'29 .

In this measurement, the effective write track width is

15 obtained as the PW50 of the corresponding off track profile.

The measurement was performed Wi';h the line recording
density at 20kFCI and the flying height at 70nm.

With the recording fringing determined as the difference

between the optical Write_ track width and the effective write

20 track width, the ffinging quantity is smaller when the first

magnetic film is constituted as a two-layer film with a pole



15 conversion elenent (200) with said first magnetic film
pl aced as if to be adjacent to said second nagnetic shield fi
(311) + said first nmagnetic film (312) and said second magneti

shield film(311) are separated from eacl4ot her by a non-

film(313) with a filmthickness of said non-magnetic 20
sel ected at a value such that magnetic coupling Is in

( BEPHACEMENT SegT
nj
c | 14 JUN 997 -
magnet i c
frim- (JJ.O)

ced bet ween

(312) “and said fi r SOTRMhCEY o | R 13%{313}“8. SRR SR TR Bt

pol e portion (P1) ju-bhggMid! bhe present invention achieves a clearer recording

state.

The advantage achieved by constituting the pole with

5 a material with high magnetic flux density are listed below.

If the saturation magnetization is low at the pole and the

recording current is increased, the | magnetization transition

region of the medium expands due to the magnetic saturation

at the front end of the pole, resulting in reduced output. The

10 results of the measurement of the saturation characteristics

of the output voltage indicate that, with the line recording

density ét which the standardized output is halved (1/2)

designated D50, while the D50 in the example for comparison

is approximately 110kFCI, a wvalue of approximately 115kFCI

- 15 is achieved in the structure according to the present

invention. It may be safely assumed that this difference is

attributable to the difference. in thé recording magnetic field

distribution.

Table 2 shows the output voltages and the PW50 of

20 the output voltage waveforms in the combined type thin film

magnetic head according to the present invention and the

combined type thin film magnetic head in the example for

comparison. It is to be noted that the sense current value was

set at 6mA.




(W) thereof set smaller than a width of said second 25 Trggrrei
shield film (311), and a saturation magnetization of GIEME&T SHEET
magnetic film (312) is higher than a saturation magngt ijzat i on of
sai d second magnetic shield film(311). 25 14 JUN 997
Table 2
Second magnetic output voltage PW50 (nm)
shield / first (uVp-p)
magnetic film material
NiFeTa,/Au/FeZrN 920 378
NiFe

(example for comparison) 700 ' 380

The results shown in FIG. 2 indicate that when a Ni
_-Fe—Ta alloy film with a low saturation magnetization of 7
kGauss is used to constitute the second magnetic shield film

5 311, which is placed adjacent to the MR film 210, the output
voltage improves because the influence of the static magnetic
field applied by the magnetic shield film 311 to the magnetic

field response film of the. spin valve film is reduced or
because the magnetic flux is not absorbed more than

10 necessafy. In addition, it is verified that there is no significant

difference in the PW50 of the output voltage waveform
regardless of which material is used to constitute the second
magnetic Shield film, its function as the magnetic shield film
being fulfilled in either case.

15 It is to be noted that since, if a material With. an
extremely low saturation magnetization and an extremely low
permeability is used to constitute the first magnetic shield
film, its function as the magnetic shield film naturally becomes

insufficient .and the PW50 of the output -voltagé waveform

20 expands as a result, it is necessary to select a material that

achieves an improvement in output voltage without spreading



29 * 2. A conbined type thin fil mmagnetic head ac OREPmEM i

to claim1, wherein: said fil mthickness of said poy Spars
filmiss small er than said fil mthickness of said second] npg etlc
shield film 5 or a filmthickness @ said first magnetic fi 4JUN1997
3. A conbi ned type thi n fil mmagnetic head according t .

wher ei n:
the PW50 as in the embodiment.

As has been e_xplainéd, “according to the present

invention, the following advaﬁtages are achieved.
a) A combined type thin film magnetic head that is
5 provided with an inductive conversion element for recording in
combination with an MR element for reproduction - that
achieves a high output voltage without being dependent upon

the speed of the recording medium is provided.
b) A combined type thin film magnetic head that
10 achieves an improvement in resolution and high frequency
characteristics ‘by absorbing magnetic flux that is superfluous

to the MR element is provided.
c) A combined type thin film magnetic head with a
structure wherein the elements are positioned in a desirable
15 manner, i.e., the MR element and the inductive element are
positioned close td each other is provided.

d) A combined type thin film magnetic head structured
in such a manner that a second magnetic shield film of the
MR element and a first magnetic film of the inductive element
20 are placed adjacent to each other, in which the second
magnetic shield film and the first magnetic film can be formed
independently of each other with materials that can achieve
the characteristics required of the individual films is provided.
e) A combined type thin film magnetic head with which
25 an improvement in the write capability and the recordiglg
density is achieved and in which side fringing can be

prevented is provided.



sai d secend nmagnetic filmis provided wth a second pol e portion;

and 10 a wdth of said second pole portion is set approxinmtely
equal -to said width of said first pole portion. 4. A conbi ned
type thin filmnagnetic head according 27 to claim3, wherein:

said gap film is provided between said second pole 15 portion and said

first pole portion; and
f) A combined type thin film magnetic head with which

reduction in the reproduction sensitivity and deterioration in

the stability of the MR element due to the influence of the

magnetic shield films can be avoided while still achieving an
5 improvement in the recording capability is provided.

_ g) A combined type thin film magneﬁc head that can
achieve a clear recording state while still retaining a compact
head structure is provided.

h) A combined type fhin film magnetic head that is
10 capable of fully providing the magnetic shielding function while

achieving a clear recording state is provided.

REPLACEMENT SHEET

14 JUN 1997




said filmthickness of said non- magnetic filmis set spaller thapn _a .

filmthickness of said gap film 5. A conbi ned t ypRERLACEMENT rSHEET

magneti ¢ head accordi ng to claim1, wherein: 20 sai~cl

saturation magnetization of said second #gnetic shiel d{fil n,} S Qf%

than 10 kGauss; and sai d saturation magnetizati ¢n|of éa‘ 7

first magnetic film  is at or nore than 10 kGauss. -
CLAIMS

10

16

25

1. A combined type thin film magnetic head
comprising :
a magnetoresistive conversion element (200) including
a magnetoresistive film (210), a first magnetic shield film
(400) and a second magnetic shield film ('311) with said - first
magnetic shield film (400) and said second magnetic shield
film (811) provided at either side of said magnetoresistive film
(210); and
an inductive conversion element (300) being provided
with a thin film magnetic circuit constituted 'with a first
magnetic film (312), a coil film (330) supported by an
insulating film (350), a second magnetic film (320) and a gap
film (340), and being combined with said magnetoresistive
conversion element (200) with said first magnetic film (312)
placed as if to be adjacent to said second magnetic shield film
(811), said first magnetic film (312) and said second magnetic
shield film (311) are separated from each other by a non-
magnetic film (313) with a film thickness of said non-magnetic
film (313) selected at a | value such that magnetic coupling-
is induced between said second magnetic shield film (311) and
said first magnetic film (312) and said first magmetic film
(312) is provided with a first pole portion (P1) with a width
(W1) thereof set smaller than a width of said second
magnetic shield film (311), and a saturation magnetization of
said first magnetic film (312) is higher than a saturation

magnetization of said second magnetic shield film (311).

Oy g -

M s * .



6. A conbined type thin filmmagnetic head according 25 to
wher ei n: sai d second magnetic shield filmis constiftyte
an B alloy film that includes at | east one of N, Fe, Ta apd{Ti

29
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2. A combined type thin film magnetic head according
to claim 1, wherein: _
said film thickness of said non-magnetic film is smaller
than said film thickness of said second magnetic shield film
5 or a film thickness of said first magnetic film.
3. A combined type thin film magnetic head according
to claim 1, wherein:
said second magnetic film is provided with a second
pole portion; and _
10 a width of said second pole portion is set approximately
equal to said width of. said first pole portion.
4. A combined type thin film magnetic head according
to claim 3, wherein: |
said gap film is pi'qvided between said second pole
15 portion and said first pole portion; and
said film thickness of said non-magnetic film is set
smaller than a film thickness of said gap film.
5. A combined type thin film magnetic head accordlng
to claim 1, wherein: _
20 said saturatlon magnetization of said second magnetic
shield f11m is less than 10 kGauss; and
said saturation magnetization of said first magnetic film
is at or more than 10 kGauss.
6. A combined type thin film magnetic head according
25 to claim 5, ‘wherein |
said second magnetic shield film is constituted of an

alloy film that includes at least one of Ni, Fe, Ta and Ti,

Ty




or constituted of a Co group anorphous alloy film and
first magnetic filmis constituted of an alloy film t Ha

Fe, Zr- and N.
according 5

filmis constituted of a nmetal film constituted of Au,
8. A conbined type thin fil'mnmagnetic head accordi ng

10

15
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7. A conbined type thin film nagnet]i
toclaim 6, wherein: % sai d nonj

or constituted of a Co group amorphous alloy
said first magnetic film is constituted of an alloy film
that includes Fe, Zr and N.
7. A combined type thin film magnetic -head according
to claim 6, wherein:
~ said non-magnetic film is constituted of a metal- film
constituted of Au, Ag, Ti or Ta.
8. A combined type thin film magnetic head according
to claim 1, wherein:
said magnetoresistive conversion element has a spin
valve film structure.
9. A combined type thin film magnetic head according
to claim 8, wherein:
said spin valve film structure includes a first
ferromagnetic film, a non- magnetic film, a second
ferromagnetic film and an anti-ferromagnetic film;
said first ferromagnetic film and said second
ferromagnetic film, are separated from each other by said non
-magnetic film; and
said anti-ferromagnetic film is coupled to either said
first ferromagnetic film or said second ferromagnetic film.
10. A method for manufacturing a combined type thin
film magnetic head having a magnetoresistive conversion
element and an inductive conversion element comprising the
steps of: i
forming a laminated film comprising a second magnetic

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

—_—
_—
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to claim4, wherein: 10 sai d magnetoresi stive conversion el enent

has a spin valve filmstructure. 9. A conbi ned type
thin fi 1l m nagneti c head accordi ng to claima8, wherein:

said spin valve film structure inclules a first 15 ferromagnetic
film a non- magnetic film a second ferromagnetic filmand an
anti- ferromagnetic film = said first ferromagnetic film '
and said second on topf6f rEINeAdRetoredIbti®e e coRPEFAbRelen@ERSach ot her

by sai d non

10

laminating sequentially a gap film and a coil film
supported by an insulafing film of said inductive conversion
element on top of said laminated film;

forming a second magnetic film of said inductive
conversion element through plating method employing a frame:

removing said frame; and |

performing ion milling on said laminated film
comprising said second magnetic shield film, said non-magnetic
film and said first magnetic film iﬁ an area that has been
covered by said frame until said non-magnetic film is reached,
to set a width of said first magnetic film smaller than a

width of said second magnetic shield film.
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- magneti-c film and 20 said.anti- ferromagnetic film is coupled

to either said first ferromagnetic filmor said second ferromagnetic
filma 10. A method for manufacturing a conbined type thin

fil mmagnetic head having a nmagnetoresi stive conversion el ement and
an inductive conversion el enent conprising the 25 steps of:

formng a lamnated filmconprising a secgnd magneti c shield film a
‘non- magnetic filmand a first magnetic f a

COMBINED TYPE THIN FILM MAGNETIC HEAD

ABSTRACT

An MR element (200) and an inductive element (300) are provided. The MR
element (200) is provided with a first magnetic shield film (400) and a second magnetic
shield film (311) on the two sides of a magnetoresistive film (210). A first magnetic
film (312) of the inductive element (300) and the second mégnetic shield film (31 1).are
separated from each other by a non-magnetic film (313). The non-magnetic film (313)
induces magnetic coupling between the second magnetic shield film (311) and the first
magnetic film (312). The width (W1) of the first pole portion (P1) of the first magnetic
film (312) is smaller than the width of the second magnetic shield film (311) and the
saturation magnetization of the first magnetic film (312) is higher than the saturation
magnetization of the second magnetic shield film (311).
Fig. 1
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on top of said magnetoresistive canversion el enent;

| ami nating sequentially a gap film and a coil film supported by an
insulating filmof said inductive conversion el ement on top of said
| ami nated film 5

form ng a second magnetic film of said
I nductive

1/7
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FIG. 1



conversien el enent through plating nethod enpl oying a frane;

renoving said frame; and . performng ion mlling on said

|l am nated film conprising said second nagnetic shield film said
non- magnetic 10 filmand said first magnetic filmin an area.that has
been covered by said frame until said non-magnetic filmis reached,
to set a wwdth of said first nagnetic filmsnmaller than a w dt h of
said second nagnetic shield film 2/7
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