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Magneto-Resistive Effect Magnetic Head

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a magneto-resistive effect magnetic head emplosring
a spin bulb film.

Description of the Related Art

In keeping up with the tendency towards a smaller size and a larger recording
capacity of a hard disc device, an increasing demand is raised for a small-sized hard
disc device of, for example, 2.5 inch size, especially for a usage in which application
to a portable personal computer is a possibility.

With such small-sized hard disc, the medium speed is lowered depending on the
disc diameter, so that, in a conventional induction type magnetic head in which the
playback output: depends on the medium speed, the playback output is lowered to
frustrate the endeavor to raise the recording capacity.

On the other hand, with a magneto-resistive effect type magnetic head (MR
head) exhibiting the magneto-resistive effect, that is a magnetic head in which
resistivity is changed with the magnetic field, its playback output is not dependent on
the medium speed, such that a high playback output can be realized even at a low

medium speed. For this reason, attention is being directed to the MR head as a

magnetic head capable of realizing a high recording capacity with a small-sized disc.



di sc dianeter, so that, in a conventional induction type nagnetic head in
.which the playback output depends on the nedi um speed, the playback output
‘is lowered to frustrate the endeavor to raise the recording capacity.

On the other hand, with a magneto-resistive effect type magnetic head (MR
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direction of magnetization, and the direction of the current flowing in the head, as may
be evidenced in transition metals. Specifically, should the stray magnetic flux from
a magnetic recording medium be received by the MR film, the direction of
magnetization of the MR film is reversed by this magnetic flux, such that the direction
of magnetization is at an angle to the direction of the current flowing in the MR film
which is related with the quantity of the magnetic flux. This varies the electrical
resistance of the MR film and a voltage change corresponding to this variation in
electrical resistance appears across the ends of the MR film through which flowsthe
sense current.

Therefore, the magnetic recording signals can be read out.with this voltage
change as a voltage signal. At this time, a bias voltage is applied so that an operating
point of the MR film will be a point of superior linearity inresistance change with
respect to the external magnetic field and the maximum resistance change of the MR
film, that is an optimum bias point.

The MR head is prepared by forming the above MR film, an electrode film or
an insulating film by the thin film technique and by etching these films by a
photolithographic technique. Also, with this MR head, a shield structure comprised

of lower and upper magnetic poles arranged on upper and lower sides of the MR film

s used in order to set a gap length during reproduction to prevent intrusion of unneeded



resistive effect in which the value of the electrical resistance is varied
“with the direction of° magnetization, and the direction of the current
flowing in the head, as may be evidenced in transition netals.
Specifically, should the stray nagnetic flux from a nagnetic recording
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of Al,O, or SiO,, are layered sequentially. On the second insulating film is arranged
a substantially rectangular MR film so that its longitudinal direction is substantially
perpendicular to the magnetic recording medium sliding surface and so that its end
face is exposed to the magnetic recording medium sliding surface. On both ends in the
longitudinal direction of the MR film are arranged a forward end electrodeana rear
end electrode for furishing the sense current to the MR film. On the MR film is
arranged an insulating film formed of, for example, Al,O; or Si0,. This insulating film
is sandwiched between the forward end electrode and the rear end electrode. On the
insulating film is arranged a bias conductor facing the MR film for applying a bias
magnetic field thereto. On the bias conductor is arranged an insulating film on which
a soft magnetic film is layered as an upper magnetic pole to complete the MR head.
The MR film is a film of a magnetic material displaying the magneto-resistive
effect.
On the other hand, a giant magneto-resistive effect film, having a multi-layered
structure combined from plural matenals for exhibiting the giant magneto-resistive

effect, is attracting attention. Among the giant magneto-resistive effect films, there

is a spin bulb film having a simpler structure and in which the electrical resistance is



The MR head is prepared by formng the above MR film an electrode filmor
an insulating filmby the thin filmtechni que and by etching these filns by
a photolithographic technique. Also, with this MR head, a shield structure
conprised of |ower and upper magnetic pol es arranged on upper and | ower
sides of the MRfilm s used in order to set a gap |ength during
reproduction to prevent intrusion of unneeded :

3 nmagnetic flux to the MR film Specifically, with the so-called

| ongi t udi nal Nﬁ@%e%g i.n which the sen?e current flows in the direction
per pendi cul ar Shangedwithacweaker magpetacieldn, a first insulating film a soft
magnetic film as a | ower nagneticfpol e, and a second insulating film
formed of A1203 orBasiaaflysthe spinbulbifrlyeias g fedarared struofureof a finss femomaghetic
insulating filmis arranged
layer, a non-magnetic layer, a second ferromagnetic layer and an anti-ferromagnetic
layer, arranged in this order. By separating the first ferromagnetic layer and the
second ferromagnetic layer by the non-magnetic layer and by providing the anti-
ferromagnetic layer on the second ferromagnetic layer, the second ferromagnetic layer
contacted with the anti-ferromagnetic layer is magnetized in a pre-set direction. This
second ferromagnetic layer is referred to hereinafter as a pinlayer. On the other hand,
the first ferromagnetic layer separated by the non-magnetic layer does not assume a
fixed direction of magnetization. This ferromagnetic layer is referred to hereinafter
as a free layer. That is, the pin layer and the free layer are higher and lower in
coercivity, respectively.

If a magnetic field is applied across above-described the spin bulb film, the free
layer is magnetized to set the direction of magnetization. The resistance of-the spin
bulb film is maximum and minimum if the direction of magnetization of the free layer
is 180° opposite to that of the pin layer and if the direction of magnetization of the pin
layer is the same as that of the pin layer, respectively.

However, with the MR head employing a spin bulb film, magnetic domain
control of the free layer is crucial. The free laver devoid of a preset direction of

magnetization is of a magnetic domain structure in which the magnetic pole is not

exposed to outside, as shown in Fig.1, in order to avoid increase in magnetostatic



a substantially rectangular MR filmso that its longitudinal direction is
~substantially perpendicular to the magnetic recordi ng nedi um sli di ng
" surface and so that its end face is exposed to the nagnetic recording
medi um sliding surface. On both ends in the |[|ongitudinal direction of the
MR filmare arranged a forward end electrode -an a rear end el-ectrode for
furni shing the sense current to the MRPiIm On the MRfilmis arranged an
insulating filmformed of, for exanple, Al[err](err] or Sierr]. This
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effect. On the ot her hand, i ant magneto-resistive effect film
having a nul tapplied aeress th§t&Q¢dﬁxﬁfeﬂ’@ cHers afroagnstigatian arameoves) ip unéson to
exhibiting the giant magneto-resistive effect, is attracting attention.
Among t he gi astderagifeto-thedirsdtions of frfagoetifationsn theHieedayer. Since the magnetic
wall is destroyed during transition from the multiple magnetic domains to the unitary
magnetic domain, there is produced the noise termed the Barkhausen noise which is
applied to an output waveform.
SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a magnetically stable
magneto-resistive effect magnetic head employing a spin bulb film in which the
direction of magnetization of the free layer is rendered uniform even in the absence
of the external magnetic field.

According to the present invention, there is pro%/ided a magneto-resistive effect
type magnetic head including a magneto-resistive effect film of a planar substantially
rectangular configuration, having its longitudinal diret;tion substantially perpendicular
to a magnetic recording medium sliding surface, a first electrode connected to a
longitudinal end of said magneto-resistive effect film, a second electrode connected
to the other longitudinal end of said magneto-resistive effect film and hard magnetic

films arranged on both ends along the width of said magneto-resistive effect film. The

magneto-resistive effect film is made up at least of a first ferromagnetic layer, a non-



is aspin bulb filmhaving a sinpler structure and in which the electrical
resistance is ) 4 changed
with a weaker magnetic field. Basically, the spin bulb filmhas a
four-layered structure ofa first ferromagnetic |ayer, a non-nagnetic
| ayer, a second ferromagnetic |ayer and an anti-ferromagnetic Jayer,
arranged in this order. By separating theéfirst ferromagnetic |ayer and the
second ferronmagnetic |ayer by the non-nmagnetic |ayer and by providing the
ferro c layer, the second
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In the present magneto-resistive effect type magnetic head, the magnetic domain
of the magneto-resistive effect film is stabilized by the hard magnetic films. With the
present magneto-resistive effect magnetic head, since the electrical resistance of the
hard magnetic films is higher than that of the magneto-resistive effect film, the current
hardly flows through the hard magnetic layers.

Also, with the present magneto-resistive effect type magnetic head, since the
magnetic domain of the spin bulb film is controlled by the hard magnetic films, it is
possible to suppress the Barkhausen noise to assure optimum reproduction. Also, since
the electrical resistance of the hard magnetic films is higher than that of the magneto-
resistive effect film, as described above, the current hardly flows through the hard
magnetic layers to prevent the current loss. o
BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a schematic cross-sectional view showing a magnetic domairl structure
of a free layer.

Fig2isa cross-sectipnal view showing an illustrative structure of a MR head
according to the present invention.

Fig.3 is plan view showing an illustrative structure of a SV type MR device 12.

Fig.4 perspective view showing an illustrative structure of SV type MR device



fixed direction of magnetization. This ferromagnetic layer is referred to
_hereinafter as a free layer. That is, the pin layer and the free layer are
hi gher and |ower in coercivity, respectively. If a magnetic field

i s applied across above-described the spin bulb film the free layer is
magneti zed to set the direction of nmagnetization. The resistance of the
spin bulb filmis maxi mumand mnimumif7the direction of magnetization of
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di rection of gnetization of the pin layer is the same as that of the pin
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Fig.6 is a cross-sectional view showing another illustrative structure of a spin
bulb film 2.

Fig.7 is a perspective view showing essential portions of the SV type MR device
12.

Fig.8 is a graph showing a magnetization curve of Co-containing Fe,0; used in
hard magnetic films 3, 4.

Fig.9 is a graph showing the relation between the externa magnetic field and the
output voltage of the SV type MR device 12 shown in Fig.4.

Fig.10 is a graph also showing the relation between the externa magnetic field
and the output voltage of the SV type MR device 12 shown in Fig.4.

Fig.11 is a cross-sectional view showing the state in which & spin bulb-film-and
a protective film are formed on a substrate and a resist pattern is fornmied thereon, for
explanation of the manufacturing method of the SV type MR device 1;2.

Fig.12 is a schematic cross-sectional view showing the state of etching with the
resist pattern of Fig.11 as a mask.

Fig.13 is a schematic cross-sectional view showing the state in which a hard
magnetic film has been formed, with the resist pattern of Fig.12 being left intact.

Fig.14 is a schematic cross-sectional view showing the state of liftoff of a resist



5 ‘energy in the absence of the effect of an external magnetic field. If,
.in a state in which there are a | arge nunber of nagnetic domai ns of
different directions of nmagnetization in the free |ayer of the spin bulb
film an external magnetic field is applied across the free | ayer, the
directions of magnetization are noved in unison to render uniformthe
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Fig.16 is a schematic cross-sectional view showing the state of lift-off of the
spin bulb film of Fig.15.

Fig.17 is a schematic cross-sectional view showing the state of forming of-the
spin bulb film of Fig. 16.

Fig.18 is a schematic cross-sectional view showing the state -of etching of the
spin bulb film of Fig.17.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments of the present invention will
be explained in detail.

A;n illustrative structure of a magneto-resistive effect magnetic head (MR head)

1 of the present invention is shown in Fig.2.

The MR head 1 includes a spin bulb type magneto-resistive effect device (SV
type MR device) 12 sandwiched between a lower magnetic shield 13 and an upper
magnetic shield 14. The SV type MR device 12 has a planar substantially rectangular
spin bulb film 2, a rear end electrode 5 and a forward end electrode 6, which will be

explained subsequently.

The upper magnetic shield 14 is connected to the forward end electrode 6 in the



type nmagnetic head including a magneto-resistive effect filmof a planar
.substantially rectangular configuration, having its |ongitudinal direct
substantially perpendicular to a nagnetic recording nmedi um sliding
surface, a first electrode connected to a |ongitudinal end of said
magneto-resistive effect film a second el ectrode connected ta the othe
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electrical resistarnce o

magneti ¢

magnet o-resi si i yg, Sf)gcercrﬁaénielipsmad 14, formed of an electrically conductive material, also

plays the role of a lead portion for the forward end electrode 6. The spacing between
the upper magnetic shield 14 and the lower magnetic shield 13 serves as a magnetic
gap g.

This MR head 1 is a so-called longitudinal type MR head in which the 8V type
MR device 12 is arranged so that the longitudinal direction of the spin bulbfilm 2 is
substantially perpendicular to a signal recording surface of the magnetic recording
medium and so that the forward end of the spin bulb film 2 serves as a facing side to
the magnetic recording medium.

In the above-described longitudinal type MR head 1, the SV type MR device 12
is arranged via lower magnetic shield 13 and insulating film 22 on a substrate 15 of a
non-magnetic material, such as Al,0,-TiC, and a protective film 16 is arranged on thé
upper magnetic shield 14.

In the above longitudinal type MR head 1, a signal magnetic field from the
magnetic recording medium (external magnetic field) can be detected by exploiting the
fact that the spin bulb film 2 undergoes resistance changes by an external magnetic
field.

The SV type MR device 12, used in the above-described MR head 1, is

hereinafter explained.
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In the present nmagneto-resistive effect type magnetic head, the magnetic
~domain of the magneto-resistive effect filmis stabilized by the hard
magnetic films. Wth the present magneto-resistive effect nmagnetic head,
since the electrical resistance of the hard magnetic filns is higher than
that of the magneto-resistive effect film the current hardly flows
t hrough the hard nagnetic | ayers. 10 Also, with the present
magnet o-resi stive effect type magnetic head, since the magnetic domain of

the spin bulb film,s,caontrol|ed b e rd etic filps, iLtis 0ossi bl e
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current hardly flows through the hard magnetic |layers to prevent the

current | oss. TEBREEFEINESCRI PTI ON OF THE DRAW NGS Fig. 1is a
schematic cross-sectional view show ng a magnetic domain structure of a

free | ayer.
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structure of a MR head

film 2 and planar substantially rectangular hard magnetic films 3, 4 arranged on both
ends along the width of the spin bulb film 2, as shown in Fig.3. This SV type MR
device 12 also includes a rear end electrode 5 , connected to a longitudinal end of the
spin bulb film 2, and a forward end electrode 6, connected to the opposite side end of
the spin bulb film 2, as shown in Fig.3. The one and the opposite side-ends of'the spin
bulb film 2 are referred to hereinafter as a rear end and a forward end, respectively.

The rear end electrode 5 and the forward end electrode 6. are provided in
superimposition on the longitudinal ends of the spin bulb film 2 in order to permit the
sense current 7 to flow in the spin bulb film 2 from the rear end electrode 5 towards the
forward end electrode 6.

The spin bulb film 2 is comprised of a free layer 8, a non-magnetic layer 9, a pin
layer 10, and an anti-ferromagnetic layer 11, layered in this order on a substrate 7
comprised of a substrate 16 on which the lower magnetic shield 13 and the insulating
film 22 are formed in this order, as shown in Fig.5.

In the spin bulb film 2, the direction of magnetization Df of the free layer 8 is
rotated under the effect of the external magnetic field. The resistance of the spin bulb

film 2 is changed depending on an angle between the direction of magnetization of the



according to the present invention. Fig.3 is plan view show ng an

~illustrative structure of a SV type MR device 12. Fi g. 4 perspective
view showing an illustrative structure of SV type MR device

7 12, Fig.5 is a cross-sectional view showing an illustrative

structure of a spin bulb film 2. Fig.6 is a cross-sectional view

showi ng another illustrative structure dfla spin bulb film 2.

Fig.7 is a perspective view showi ng essential portions ofthe SV type MR

device 12.  feelayer 8 and that of the pin layer 10.

Therefore, with the SV type MR device 12, the external magnetic field can be
detected by exploiting the resistance changes in the spin bulb film 2.

The free layer 8 and the pin layer 10 may be formed of any suitable known soft
magnetic materials. Specifically, NiFe, NiFeCo, Permalloy alloys NiFe-X, where X
denotes Ta, Cr, Nb, Rh, Zr, Mo, Al, Au, Pd, Pt or Si, alone or in combination, may be
used.

As the non-magnetic layer 9, Cu, CuNi or CuAg may be used.

As the anti-ferromagnetic layer 11, I'Mn, RhiMn, PtMn, FeMn, CrMnPt, NiQ
or NiCoO may be used.

On both sides of the spacer member 2 are arranged hard magnetic films 3, 4 of
a hard magnetic material.

The bard magnetic ﬁlmsl3, 4 generate a bias magnetic field having components
parallel to the width of :the spin bulb film 2 to control the direction of magnetization
Df of the free layer 8. The direction of magnetization Dp of the hard magnetic films
3, 4 is parallel to the width-wise direction of the spin bulb film 2.

The bias magnetic field herein encompasses an exchange bias magnetic field.

If the coercivity of the hard magnetic films 3, 4 is sufficiently large,
magnetization of the hard magnetic films 3, 4 is ferromagnetically coupled to that of
the free layer 8 so that the direction of magnetization Df of the free layer 8 is in the

same direction as the direction of magnetization Dp of the hard magnetic films 3, 4.



Fig.8 is a graph showing a nmagnetization curve of Co-contai ning

“Fe[err](err] used in hard nmagnetic films 3, 4. Fig.9 is a graph
showi ng the rel ation between the externa magnetic field and the out put

vol tage of the SV type MR device 12 shown in Fig.4. Fig. 10 is a
graph al so showing the relation between the externa magnetic field and the
out put voltage of the SV type MR device 12 shown in Fig. 4. Fig. 11

is a cross-sectional view showing the state in which a spin bulb film and
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direction of easy axis De of the free layer 8 to the width-wise direction.

If direction of magnetization Df of the free layer 8 can be set to the width-wise
direction, the distribution of magnetization of the free layer 8 can be stabilized to 2
sole magnetic domain state, so that magneto-resistive characteristics-of the spin-bulb
film 2 can be stabilized and freed of hysteresis.

As the materials making up the hard magnetic films 3, 4, it is desirable to use
ferrite represented by the formula of MO-Fe,0O,, where M denotes a divalent metal ion.
The material of the hard magnetic films 3, 4 may be exemplified by Co-containing -
Fe,0,.

In the SV type MR device 12, the Hmd magnetic films 3, 4 are preferably
formed of a material exhibiting a resistivity higher than that of the spin bulb film 2. By
employing a matenal higher in resistivity t.han the spin bulb film 2 as the hard
magnetic films 3, 4, the majority of the sense current / flows through the spin bulb film
2, even if the hard magnetic films 3, 4 are contacted with the area of the spin bulb film
2 operating effectively as a magnetically sensitive portion, thus reducing current losses
and the lowering in output. If a material of the hard magnetic films 3, 4 higher in

resistivity than the spin bulb film 2 is used, there is no necessity of providing insulation



8 "pattern of Fig. 13. Fig. 15 is a schematic cross-sectional view
showi ng the state in which a hard nmagnetic filmis fornmed on a substrate
"and a resist pattern is forned thereon, for explanation of the

manuf acturi ng nmethod of the SV type MR device 12. Fig. 16 is a
schemati c cross-sectional view showing the state of lift-off of.the spin
bulb filmof Fig. 15. Fig.17 is &3schematic cross-sectional view
showi ng the state of formng of the spin bulb filmof Fig. 16. Fi g.
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losses by a simpler configuration.

The resistivity of the routinely used spin bulb film 2 is usually of the order of
50 to 100 4Qcm. On the other hand, the resistivity ferrite used for the hard magnetic
films 3, 4 of the SV type MR device 12 is of the order of 0.1 Qcm. Therefore, the
majority of the sense current / flow through the spin bulb film 2, while it scarcely
flows through the hard magnetic films 3, 4, thus enabling suppression of currerit
losses.

If the hard magnetic films 3, 4 are arranged on the ends along the width-oft the
spin bulb film 2, so as to be substantially symmetrical with respect to a centerline
parallel to the longitudinal direction of the spin bulb film 2, the hard magnetic films
3, 4 may be arranged at any suitable position between one and the other ends of the
spin bulb film 2. Ifthe hard magnetic films 3, 4 are arranged continuously across the
one and the other ends in the longitudinal direction of the.spin bulb film 2, the
magnetic domain can be stabilized throughout t.he entire spin bulb film 2.

In the above-described MR head 1, the spin bulb film 2 may include a non-
magnetic protective film 18 of Ta on an underlying layer of a non-magnetic film 17 of
Ta or on the anti-ferromagnetic layer 11, as shown in Fig.6.

In addition to Ta, non-magnetic materials, such as Ti or Hf, may be enumerated
as a material for the protective film 18.

Also, in the MR head 1, an underlying film 19 may also be formed on the hard



Referring to the draw ngs, preferred enbodi ments of the present invention

wll be explained in detail. An illustrative structure of a
magnet o-resi stive effect magnetic head (MRhead) 1 of the present invention
is shown in Fig.?2. The MR head 1 includes a spin bulb type

magnet o-resi stive effect device (SV .type MR device) 12 sandw ched between
a | ower magnetic shield 13 and an upper 1g@mgnetic shield 14. The SV type MR
device 12 has a planar substantially rect angul ar spin bulb film2, a rear
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gor ward end e %:}pia%%%ogrcimnty by providing the underlymg film 19 on the hard magnetic films
3, 4. As the underlying film 19, metal oxides, such as NiO, CoO or ZnO are used as
the underlying film 19.
The relation between the strength of the magnetic field and the output voltage
of the SV type MR device 12, configured as shown in Fig.4, was checked.
Specifically, the spin bulb film 2 is produced by layering a NiFe film, 6.3-nm,
a CoFe film, 2 nm thick, a Cu film, 2.5 nm thick, a CoFe film, 2 nm thick and a RhiMin
film, 10 nm thick, on an underlying film of, for example, Ta, 10 nm thick, in this order,
and by layering a protective film of ta, 10 nm thick, on the RhMn film. In this case,
the NiFe and CoFe films serve as a free layer, with the CoFe film serving as a pin
layer. The Cu film serves as a non-magnetic layer, with the RhMn film serving as an
anti-ferromagnetic layer.
Specifically, the hard magnetic films 3, 4 are obtained by forming a film of Co-
containing y-Fe,O,, having a magnetization curve shown in Fig.8, to é thickness of 71
nm.
Fig.9 show the graph showing the relation between the strength of the magnetic
field and the output voltage of the SV type MR device 12 under the conditions of the
track width of 1.0 um, a length of the magneucally sensitive portion of 5.0 m and the

sense current of 1 mA. Fig.10 is a graph showing a low magnetic field portion of Fig.9

to an enlarged scale. It is seen from Figs.9 and 10 that the curve is smooth, suffers



SV'type MR device 12 and is bent in the vicinity of a facing surface to the
“magnetic recording nmediumso as to be extended at an upper side towards
the rear end electrode 5. The upper magnetic shield 14, formed of an

el ectrically conductive material, also plays the role of a | ead portion
for thé forward end electrode 6. The spaci ng between the upper. magnetic
shield 14 and the | ower magnetic shiel d1%3 serves as a nagnhetic gap g.
This MR head 1 is a so-called |ongitudinal type MR head in which the .SV

type MR dev'ﬁ&n]n%sﬂe%sf’srﬂbaﬂg?éir SRtehf\d i TRe! o‘i"ﬁgs' BagthB&en $of@ct i on of the

spin bulb film?2 substantially perpendicular to a signal recording

surface of the ma LibGve 8EQHBLAS Y (??9 deﬂg $9id %ﬁhcﬁtgg a% sy end of

the spin bulb fi serves as a f magneti ¢ recording
Cype VR devi ce 1'25““%{3 eﬁ%ﬁé‘%ﬁ%ﬂg kit §$ {e %ﬁeﬂ“@%ﬁﬁgﬁ%ﬁﬁ? im0
A Lerr] o or 1B fimed proeBeerSd cﬁ”‘ %irgg 0 s ot B ofer e
magnetic shi eslpgin%lﬁb film 2.

As materials of the respective layers, making up the spin bulb film 2, any
suitable known materials, commonly used as materials of the respective layers-of the
spin bulb film 2, may be used. Also, as methods for forming these layers, -any
suitable known methods usually employed for forming respective layers of the spin
bulb film 2 may be employed.

On the spin bulb film 2, thus formed, a protective film 18 of a non-magnetic
material, is formed. Then, a resist 20 is coated on the protective film 18, and a resist
pattern of a desired shape, not shown, is formed thereon by a photolithographic
technique. |

The protective film 18 then is etched, using this resist pattern as a mask, as
shown in Fig.12, to forma a subsequently rectangular planar .spin bulb film 2, as shown
in Fig.12.

Then, hard magnetic films 3, 4 are formed, with the resist pattern being left
intact, as shown in Fig.13.

Finally, the resist 20 is removed by lift-off, after forming the hard magnetic

films 3, 4, to produce a SV type MR device 12 having hard magnetic films 3, 4 formed



In"the above |

“exploiting the

by an external

ongi tudinal type MR head 1, a signal nmagnetic field fromthe
magneti c recordi ng nmedi um (external nagnetic field) can be detected by

magnetic field. The SV type MR device 12, used in

t he above-described MR head 1, is hereinafter explained.

10 An illustrative structure of 1khe SV type MR device 12 is shown®
in Figs.3 and 4 which are a plan view and a schenatlc per spective view of L
the SV type M3, 1 espect ivel y. \VAR devi ce: 12. .
i ncl udes pl anar %%ﬁbgﬁgﬁq%lpggﬁ@e ‘glé@} 8%%&38}” bs%P ﬁhBu% stigwn'if g N

The SV type MR device 12 may also be produced as follows:

First, hard magnetic films 3, 4 are formed on a substrate 7 formed of a non-
magnetic material, as shown in Fig.15.

Then, a resist 21 is formed on the hard magnetic films 3, 4, thus produced, to
form a resist pattern of a desired shape, not shown, by a lithographic process.

Then, using this resist pattern as a mask, the hard magnetic-films 3, 4 are etched
to remove the resist pattern to produce the hard magnetic films 3, 4, as shown in
Fig.16.

Then, a spin bulb film 2 is formed, as shown in Fig.17. The spin bulb film 2 is
prepared using any suitable known material or method routinely used for the
preparation of the spin bulb film 2.

Finally, the spin bulb film 2 is etched, as shown in Fig. 18, to produce a SV type

MR device 12 having hard magnetic films 3, 4 formed on both sides along the width

~ of the spin bulb film 2.

In the above-described MR head 1, it is an area of the spin bulb film 2 over t.hc
length of the magnetic gap extending from its distal end facing the facing surface to
the magnetic recording medium to a rear portion that is affected by the signal magnetic
field (external magnetic field). In the SV type MR device 12, used herein, the hard
magnetic films 3, 4 are arranged over the entire area along the length of the spin bulb

film 2, while the direction of magnetization Df of the spin bulb film 2 is controlled

..’._.

fact that the spin bulb film 2 undergoes resistance changes/ o

. "._.., =



film2 and planar substantially rectangular hard magnetic filns 3, 4
~arranged on both ends along the width of the spin bulb film2, as shown in
Fig.3. Thiis SV type MR device 12 also includes a rear end el ectrode 5,
connected to a longitudinal end of the spin bulb film2, and a forward end
el ectrode 6, connected to the opposite side end of the spin bulb film 2,

as shown in Fig.3. The one and the opposite side ends ofthe spin bulb film
2 are referred to hereinafter as a rear end and a forward end,

respectivel y. sufficiently inl 2 dr82bf B2%pit BEIL'MIEE2 ﬁfﬁeﬁdtlflﬁthfe%%%lﬂ ﬁlggﬂgﬁc field

el ectrode 6 are provided in superinposition on the |"ongit ends of

the spin bul bekidnmianidheRE did) With thEMRIFAIL, GHiGThe hd SV LU e

spin bulb film2 fromThe rear” end électro owar orwa

on: magnt ¢ 154155 1% 9B AurRbiRyBilicls sb bl BRRRICRES of nehosk e 911, °

| ayered in this order on a substrate 7 conprised of a substrate 16 on
which the | ower magnetic shield 13 and the insulating film22 are forned
in this order, as shown in Fig.5. In the spin bulb film2, the
direction of magnetization Di of the free layer 8 is



rotated under the-effect of the external magnetic field. The resistance of
“the spin bulb film2 is changed depending on an angle between the .

direction of magnetization ofthe free layer 8 and that of the
pin |ayer 10. Therefore, with the SV type I\/R dev uﬂlﬁm"u“&um “l“|
external magnetic field can be detected by exploiting t

changes in the spin bulb film 2. 18he free |ayer 8° andl the p|n Iayer

10 may be forned of any suitable known soft rmagnetic materials.

Speci fically, i rmal l oy alloys N Fe-X, where X denotes Ta,
Cr, Nb, Rh, zw{f‘s%%@ﬁ% Pt or Si, alone or in conbination, may be

used. 1.2R thdlhe RS IRYD Shre &t ¢ BY RlagtleticHead Whlprifing™1A9 MY be used.

a magneto-resistive effect film of a planar substantially rectangular
configuration, having its longitudinal direction substantially perpendicular to a
magnetic recording medium sliding surface;

a first electrode connected to a longitudinal end of said magneto-resistive effect
film;

a second electrode connected to the other longitudinal end-of said magneto-
resistive effect film; and

hard magnetic films arranged on both ends along the width of said magneto-
resistive effect film;

said magneto-resistive effect film being made up at least of a first ferromagnetic
layer, a non-magnetic layer, a second ferromagnetic layer and an anti-ferromagnetic
layer, layered togéther;

said hard magnetic films having an electrical resistance larger than that of the
magneto-resistive effect film.

2. The magneto-resistive effect type magnetic head according to claim 1 wherein said
hard magnetic films are of a composition of MO-Fe,0,, where m is a divalent metal
ion.

3. The magneto-resistive effect type magnetic head according to claim I wherein said

hard magnetic films are composed of Co-containing y-Fe,0;.



As the anti-ferromagnetic layer 11, IrMi, RhM, PtM), FeMh,- C-MPt,—N-O--.0r..
N CoO may be used. - On both sides of the spacer

arranged hard nmagnetic films 3, 4 of a hard nagnetic nat grmﬂq, mﬂmmtmm
hard magnetic films 3,4 generate a bias magnetic field havi®rg *
parallel to the width of the spin bulb film2 to control the direction of
magneti zation Df of the free layer 8. Twe direction of magnetization Dp of
the hard magnetic filns 3, 4 is parallel to the w dth-wi se direction of

the spin bul b4 f Thewdgneto-resistiVdeffédt Qg‘&)erfﬁé%zﬁhb Giedd £dcdrdifg & dla@ e UITRAGARA an
exchange bias magnetic field. e coercivity of the hard nmagnetic

films 3, 4 1 Sufdttlyidd SIb dompeteBEN;, 02080l 2RO i0ProHdeliBeloNAlait HRANALERdE! | TS
3, 4 is ferromagnétically coupled t'o that of free ayer 8 so that the
direction of gpgnetization Df of the free layer 8 is in the same direction
as the direction of magnetization Dp of the hard magnetic filnms 3, 4.



12 Thus, if a bias magnetic field sufficient to overconme the |ongitudinal
magnet ostati ¢ ani sotropy can be applied, the direction of magnetizati on Df
" of the free layer 8 can be set to the wdth-wisedirection with a snaller
bi as magnetic field. However, if a sufficiently large bias magnetic field
can be applied, there is no necessity of setting the direction of easy
axis De of the free layer 8 to the width-wi se direction. | f
direction of magnetization Df of the fre&0layer 8 can be set to the

wi dth-wise direction, MAMNEIOSRESTSIVE SFFRRENAhGRaTrTeNHRADt he free |ayer
8 can be stabilized to a sole magnetic domain state, so that

magnet o-r esi ABSURAQEr acteristics of the spin bulb film2 can be
stabilized and freed of hysteresis. As the materials naking up the
hard magnetic filAmagnetbresistive effest typbimmghetiaisad dngploying arsppr balbrfiledinby
the formula of MO-Fe[err](Jerr], where Mdenotes a divalent netal ion. The
materi al of whizhhh¢ direatbneifinGaghelir@ion,of 4 freeylayee ivcotnRnt éveRdn iye absence of

Co-containing [err]-
an external magnetic field to assure magnetic stability. The magneto-resistive effect
type magnetic head includes a magneto-resistive effect film of a planar substantiaily
- rectangular configuration, having its longitudinal direction substantially perpendicular
'to a magnetic recording medium sliding surface, a first electrode connected to a
longitudinal end of the magneto-resistive effect film, a second electrode connected to
the other longitudinal end of the magnéto—resistive effect film and hard magnetic films
arranged on both ends along the width of the magneto-resistive effect film. The
magneto-resistive effect film is made up of at least a first ferromagnetic layer, a non-
magnetic layer, a second ferromagnetic layer and an anti-ferromagnetic layer, layered

together. The hard magnetic films has an electrical resistance larger than that of the

magneto-resistive effect film.

Figure 6



Fe[err]derr]. In the SV type MR device 12, the hard magnetic filns
3, 4 are preferably fornmed of a material exhibiting a resistivity higher
than that of the spin bulb film2. By enploying a material higher in
resistivity than the spin bulb film2 as the hard nagnetic filnms 3, 4, the
majority of the sense current i flows through the spin bulb film 2, even
if the hard magnetic filnms 3, 4 are contacted with the area of the spin
bulb film 2 operating effectively as a magnetically sensitive portion,
thus reducing current losses and the |owgfing in output. If a material of
the hard magnetic filnms 3, 4 higher in resistivity than the spin bulb film
2 is used, there is no necessity of providing insulation

13 between the hard magnetic filns 3, 4 and the spin bulb film2 to
suppress current |osses by a sinpler configuration.

~
N

3~ 4

Dp Df Dp

4L~

FIG.3



The resistivity of the routinely used spin bulb film2 is usually of the

_order of 50 to 100 [err]c
used for the hard nagnetic
the order of 0.1 [err]cm

m On the other hand, the resistivity ferrite
films 3, 4 of the SV type MR device 12 is of
Therefore, the majority of the sense current i

flow through the spin bulb film2, while it scarcely flows through the

hard magnetic filnms 3, 4,
If the hard magnetic filns
t the spin bulb film2, s
to a centerline parallel

to the longit

t hus enabl i ng suppression of current | osses.

3, 4 are arranged on the ends along the w dth of
0 as to be sy 23 antially symmetrical with respect
inal direction of the spin bulb

film2, the hard.nmagnetic filns 3, 4 nay be arranged at any suitable

position between one and t

he other ends of the spin bulb film2. If the

hard magnetic filnms 3, 4 are arranged continuously across the one and the
other ends in the longitudinal direction of the spin bulb film2, the
magnetic donmain can be stabilized throughout the entire spin bulb film2.

In the above-descri bed MR
magnetic protective film1l
film217 of

yL_xx\\}$S“<\< J12

head 1, the spin bulb f|In12 may i nclude a non-
of —Ta omam urdertyrrng—tayer—af a non- magneti c
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Ta-or on the anti-ferromagnetic.layer 11, as shown in Fig.6. In
addition to Ta, non-magnetic materials, such as Ti or Hf, may be enunerated
"as a material for the protective film 18. Also, in the MR head 1, an
underlying film19 may al so be fornmed on the hard

14 magnetic filnms 3, 4, as shown in Fig.7. The hard magnetic filnms 3, 4
may be inproved in in-plane coercivity by providing the underlying film 19
on the hard nmagnetic films 3, 4. As the underlying film 19, netal oxides,
such as NNO, CoO or ZnO are used as the underlying film 19. The
relation between the strength of the megngtic field and the output voltage
of the SV type MR device 12, configured as shown in Fig.4, was checked.

3 4
|z <
/ /
Dp Dp
Df
De

FIG.4



Specifically, the spin bulb film2 is produced by layering a NiFe film 6.3
nm a CoFe film 2 nmthick, a Cu film 2.5 nmthick, a CoFe film 2 nm
thick and a Rnvn film 10 nmthick, on an underlying filmof, for exanple,
Ta, 10 nmthick, in this order, and by layering a protective filmof ta,
10 nmthick, on the RiMn film 1In this case, the N Fe and CoFe.filns serve
as a free layer, with the CoFe filmserving as a pin layer. The Cu film
serves as a non-nagnetic |layer, with the Rhvh film serving as an
anti-ferromagnetic | ayer. Speci4/ildal |y, the hard magnetic filns 3,
4 are obtained by forming a filmof Co- <containing [err]-Fe[err]derr],
havi ng a nagneti zation curve shown in Fig.8, to a thickness of 71 nm
Fig.9 show the graph showing the relation between the strength of the
magnetic field and the output voltage of the SV type MR device 12 under
the conditions of the track width of 1.0 [err]m a |length of the
magnetically sensitive portion of 5.0 [err]mand the sense cyfrent of 1
mA. Fig. 10 is a graph showing a | ow nagnetic field portion Fig.9 to an
enl arged scale. It is seen fromFigs.9 and 10 that the curve is snooth,
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15" fromhysteresis to a |lesser extent and is free of the Barkhausen noi se.
_The above-described SV type MR device 12 is fabricated as follows:

First, a free layer, a non-magnetic layer, a pin layer and an
anti-ferromagnetic |ayer are formed on a substrate 7 of a non-magnetic
material in this order to formthe spin bulb film 2. As.material s
of the respective layers, making up the spin bulb film2, any suitable
known materials, commonly used as materials of the respective |ayers of the
spin bulb film2, my be used. Also, as nethods for form ng these |ayers,
any suitable known nmethods usually enpsayged for form ng respective |ayers
of the spin bulb film2 may be enpl oyed.

3 4
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Cn'thé spin bulb film2, thus fornmed, a protective film18 of a

~nen-magnetic material, is formed. Then, a resist 20 is coated on the
protective film18, and a resist pattern of a desired shape, not shown, is
formed thereon by a photolithographic technique. The protective

film18 then is etched, using this resist pattern as a mask, as. shown in
Fig. 12, to fornma a subsequently rectangul ar planar spin bulb film2, as
shown in Fig. 12. Then, hard magnetic filns 3, 4 are formed, with
the resist pattern being left intact, as shown in Fig. 13. Finally,
the resist 20 is renoved by |lift-off, g tqr formng the hard nagnetic
films 3, 4, to produce a SV type MR device 12 having hard magnetic filns 3,

4 forned
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16 " on both sides along the width of the spin.bulb film2 as shown in Fig.

14, The SV type MR device 12 may al so be produced as foll ows:
First, hard magnetic filns 3, 4 are forned on a substrate 7 forned of a
non- magnetic material, as shown in Fig. 15. Then, a resist 21 is

formed on the hard magnetic filnms 3, 4, thus produced, to forma resist
pattern of a desired shape, not shown, by a |ithographic process.

Then, using this resist pattern as a nmask, the hard nmagnetic films 3, 4 are
etched to renove the resist pattern to7ynpduce the hard magnetic filns 3,
4, as shown in Fig. 16. Then, a spin bulb film2 is fornmed, as
shown in Fig.17. The spin bulb film2 is prepared using any suitable known
material or nethod routosly—used for the preparation of the spin bulb
film2. Finally, the spinfbulbffilmZ2 is etched,| as shown in Fig.

18, to produce a SV type.coMR—dev) ce 123 haviihg hard magnetic filnms 3, 4

formed on both sides along|the W dt
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of 'the spin bulb film 2. In the above-described MR head 1, it is an
~area of the spin bulb film2 over the Ilength of the magnetic gap extending:
fromits distal end facing the facing surface to the nagnetic recording
mediumto a rear portion that is affected by the signal magnetic field
(external magnetic field). In the SV type MR device 12, used herein, the
hard nagnetic filns 3, 4 are arranged over the entire area along the

|l ength of the spin bulb film2, while the direction of magnetization Df of
the spin bulb film2 is controlled

17 sufficiently in the area of the spirghylb film2 affected by the signal
magnetic field (external magnetic field). Thus, with the MR head 1,

enpl oying the SV type MR device 12, optinmm playback is assured wi thout
production of the Barkhausen noi se.
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-WHAT IS CLAIMED IS: 1. A magneto-resistive effect type nagnetic head
~conpri sing: a magneto-resistive effect fil'm-of a planar
‘substantially rectangular configuration, having its |ongitudinal direction
substantially perpendicular to a nagnetic recording medi um sliding
surface; a first electrode connected to a |ongitudinal end of said
magnet o-resi stive effect film a second el ectrode connected to the
ot her longitudinal end of said magneto- resistive effect film and

hard magnetic filns arranged on both ends along the width of said nagneto-
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resistive effect film said magneto-resistive effect film being nade
up at least of a first ferromagnetic |ayer, a non-magnetic |ayer, a second
ferromagnetic | ayer and an anti-ferromagnetic |ayer, |ayered together;
said hard magnetic filnms having an el ectrical resistance |arger than that
of the magneto-resistive effect film 2. The nmagneto-resistive effect
type nmagnetic head according to claim1l wherein said hard nagnetic filns
are of a conposition of MO Fe[err]derr], where mis a divalent nmetal ion.
3. The magneto-resistive effect type magnetic head according to claim1
wherein said hard magnetic filns are QRHPBFEd of Co-cont ai ni ng
[err]-Fe[err](err].
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19" 4. The mag eto si st effect type mag etic head a
Wnerelnan nde Iy gflm onposed of Ni[e ]O CoO o
"bel ow s dh rd magneti films.
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