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The invention relates to a method of ma.nufactunng a thm-film magnetic
head comprising a magnetoresistive element and at least one flux-guiding element,

which method starts from a support.

Methods of manufacturing thin-ﬁlm magnetic heads are known, inser alia

v

from EP-A 0 516 022 (herewith incorporated by reference). The magnetic heads
L J obtained by means of the methods described in EP-A 0 516 022 are integrated magnetic
heads having a contact face and comprising an inductive part and a magnetoresistive _
part.
In accordance with a first method known from EP-A 0 516 022 a first
10 structured insulation layer of SiQ, is formed on a magnetic substrate of a ferrite by
means of a lithographic method, which layer is subsequently provided with a layer of
Au for forming a write coil. Subsequently, a second structured insulation layer is
provided on which a core layer of an amorphous material based on Co is deposited.
This core layer is in contact with the magnetic substrate vig apertures in the insulation
15 layers. The parts of the second insulation layer not coated by the core layer are filled up
by means of a filling layer of ALO,. After the filling layer has been formed, the core
layer and the filling layer are planed by means of lapping. A third structured insulation
layer of SiO, is deposited on the surface thus obtained on which subsequently a bias
winding of Au is formed. A fourth structured insulation layer of SiQ, is provided on
20 this winding. Subsequently, a magnetoresistive element of permalloy is formed on this
insulation layer. Then a fifth structured insulation layer of SiO, is provided and
subsequently a yoke of an amorphous material which is based on Co and is in contact
with the core layer vig apertures in the three last-mentioned insulation layers.
In accordance with a second method known from EP-A 0 516 022 two
25 flux guides of a Co-based amorphous material are plrovided on a non-magnetic
substrate, while an aperture between the two flux guides is filledl with a first insulation
layer of SiO,. The surface formed by the flux guides and the ﬁrs%' insulation layer is
provided with a second structured insﬁi'aﬁon layer on which subsequently a
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layers. The areas not coated by the first core layer are filled up with a filling layer of

Al,0;, whereafter a surface on which an inductive head part is formed is obtained by
lapping. |

In the methods known from EP-A 0 516 022 the MR element is formed

10 on an insulation layer which is provided on a lapping-processed surface. However, it
@ has been found that such a surface extending on two or more adjacent layers of different
material has unevennesses. Moreover, damage particularly in the form of scratches in
and disturbances of material under the surface obtained are caused by lapping. Such a
surface is inadmissible, inefficient for information transfer and may increase the risk of
15 instabilities in the MR element provided on said surface.

The magnetic heads obtained by the methods known from EP-A 0 516 022
have the further drawback that due to the presence of irregularities on the surface
engaging the MR element, a relatively thick insulation layer is required between the MR
element and the electrically conducting flux guides so as to ensure a reliable electrical

20 insulation between the MR element and the flux guides. However, such insulation layers
have a further negative influence on the efficiency of the magnetic heads. For various
reasons, damage in and material disturbance under a surface above which the MR

element is present are thus undesirable.

25
It is an object of the invention to provide a method of manufacturing a
magnetic head described in the opening paragraph in which the magnetoresistive
element is provided on a surface which is accurately defined as regards planeness and
structure.

30 : To this end the method according to the invention is characterized in that
a first insulation layer of a non-magnetic material is formed on a support face, on which
insulation layer a soft-magnetic layer having an upper face remote from the first
insulation layer is formed by depositing a soft-magnetic material, whereafter a layer
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distance between the support face and the upper face of the second insulation layer is
larger than the largest distance between the support face and the upper face of the soft-
magnetic layer, whereafter a mechanochemical polishing treatment is performed as from
the upper face of the second insulation layer for forming a main surface at which
10 magnetoresistive material is subsequently deposited for forming the magnetoresistive
$ element.

In the method according to the invention, a very plane and smooth main
surface which is free from damage is obtained for providing the magnetoresistive
element (MR element) in an electrically insulated manner, which results in a magnetic

15 head having a stable MR element and an efficiency which is improved with respect to
that of the known magnetic heads.

Nucleation of domain walls or formation of small areas having an
unwanted direction of magnetization and unwanted, sudden changes of magnetization
during the read process are obviated as much as possible in a magnetoresistive element

20 provided on a surface which is free from defects.

| It is to be noted that mechanochemical polishing is performed with the aid

of a working surface of a polishing tool which is urged against and moved across the
surface to be polished. The working surface is provided with a liquid mechanochemical
polishing agent. This is an agent with which chemical and mechanical polishing is

25 simultaneously possible. It is further to be noted that polishing
without damage can be realised by purely chemical polishing. This method has
drawbacks. The geometrical control, i.e. the planeness of the surface is far from
optimal and many chemical polishing agents are more or less toxic and aggressive and
should consequently be used in an extremely protected environment, which is a

30 drawback in mass production. The mechanochemical polishing operation, in which
components mechanically removed from the surface to be polished are chemically
dissolved, leads to a .very smooth and plane polished surface which is free from

damage.
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layer. In this method according to the invention the mechanochemical polishing
treatment is performed on non-magnetic material as well as on soft-magnetic material. It’
5 has surprisingly been found that despite the consequently different material properties
mechanochemically polishing yields a very plane and smooth main surface without the
materials themselves undergoing any structural changes. It has also been found that if
one of the materials to be polished is very hard, the mechanical aspect of
mechanochemically polishing will be enhanced by adding a small quantity of hard,
10 adequate grains to the polishing agent of the mechanochemical type. Thus, even when
) using combinations of materials of divergent mechanical hardnesses, smooth and plane
surfaces which are free from damage can be realised in the manufacture of magnetic_
heads.
An embodiment of the method according to the invention is characterized
15 in that a spacer layer of a non-magnetic, electrically insulating material, on which the
magnetoresistive material is deposited, is formed on the main surface obtained by means
of mechanochemical polishing. The spacer layer may be formed from known materials
such as quartz or zirconia which can be provided in a well-defined manner by means of
known techniques. This method according to the invention is particularly important if
20 use is made of electricaily conducting soft-magnetic materials for forming the flux-
guiding elements. In that case an insulating spacer layer is necessary in order to prevent
electrical contact between the flux-guiding elements and the MR element.
A drawback of a magnetic head having a spacer layer between the MR
element and the flux-guiding elements is, however, that due to the distance between the
25 MR element and the flux-guiding elements caused by the thickness of the spacer layer
only a portion of the magnetic flux originating during operation from a magnetic
recording medium is passed through the MR element. For reasons of efficiency it is
therefore of essential importance that such a layer can be made as thin as possible.
Since the thickness of the spacer layer is determined to a considerable extent by the
30 quality of the main surface, this spacer layer may be perfectly smooth and have no
thickness variations when the method according to the invention is used, and, moreover,
it may be very thin, for example 0.2 um with respect to the layer thicknesses of at least

0.6 um required in the known magnetic heads, without any risk of short-circuit of the
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5 material is deposited on the main surface obtained. This embodiment has the advantage
that only one type of material is to be polished mechanochemically. The use of one type
of material and consequently mechanochemically polishing 6ne material has the great
advantage that both the thickness of the layer to be deposited, and the rate of removal
during mechanochemical polishing can be determined accurately. Both factors ensure
10 reliable geometrical control of the desired layer thickness.

Q If the mechanochemical polishing process is to proceed satisfactorily, it is
essential that the second insulation layer of the given thickness is planarized. If the
second insulation layer is planarized, it is either possible to stop in this insulation layer
at a desired level or to continue polishing down to the soft-magnetic layer. It is

15 recommended to take hardness differences between the non-magnetic material and the

- soft-magnetic material into account from the start of the mechanochemical polishing
process.

An embodiment of the method according to the invention is characterized
in that a plate-shaped substrate is used which is provided with two parallel substrate

20 faces by means of mechanical and/or mechanochemical polishing, whereafter one of
these faces is used as a support face. The other face is used as a reference face in the
further process steps.

The parallel substrate faces may be obtained by starting from a substrate
having two substrate faces, the substrate faces being first prepared by means of

25 polishing until they have a convex, plane or concave initial shape, whereafter a removal
cycle is run through at least once, during which the substrate faces of a substrate whose
edges are thicker than a central piece surrounded by the edges are polished in such a
way that the edges successively acquire a substantially equal thickness, a smaller
thickness and again a substantially equal thickness as the central piece, and during

30 which cycle the substrate faces of a substrate whose edges are thinner than a central
piece surrounded by the edges are polished in such a way that the edges successively
acquire a substantially equal thickness, a larger thickness and again a substantially equal
thickness as the central piece. The above-mentioned method.of manufacturing parallel
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defined as regards plane
5 Consequently, mechanochemxcal polishing steps can be performed at a later stage for

the purpose of smoothing and planing a layer having a single or multiple material
structure and for stop-polishing a layer having a multiple material structure, but of
which only one or some materials of the layer can be polished via the mechanochemical
polishing process and the other material cannot be polished.
10 An embodiment of the method is characterized in that the substrate is
) formed from a soft-magnetic material, particularly a ferrite.

It is to be noted that a ferrite is understood to be a magnetic material of,
for example one of the following crystallographic groups: garnets, spinels, perovskites.
Favourable properties of ferrite are its great wear resistance and its satisfactory

15 shielding effect against disturbing fields. The stability of a magnetoresistive head is
usually also favourably influenced by the effect of the ferrite on the thin-film flux-
guiding elements and the magnetoresistive element. Moreover, a ferrite substrate has the
technological advantage that the substrate can be used as a flux-guiding layer.

An embodiment is characterized in that a base element is used on which

20 an inductive transducing element, a base layer of a non-magnetic material and a flux-
guiding layer are provided, whereafter a mechanochemical polishing treatment is
performed for forming the support face. The base layer may be provided with a recess

" by removing material from a side remote from the base element, preferably by means of
etching, which recess is subsequently filled up with a soft-magnetic material for forming

25 the flux-guiding layer. This method yields a magnetic head having a write function as
well as a read function. During the method a write portion and subsequently a read |
portion is formed. In order to ensure an accurately defined main surface, the base layer
is also mechanochemically polished in this embodiment. A magnetical advantage on
making a planar write portion cannot be achieved. However, a maximum planeness is

30 necessary to obtain a planar read portion having the previously mentioned advantages.

An embodiment is characterized in that the base element is plate-shaped
and is provided with two parallel base faces by means of mechanical and/or

mechanochemical polishing, whereafter the base layer is formed on one of said faces.
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An embodiment is characterized in that the base element is formed from a
soft-magnetic material, particularly a ferrite.

An embodiment is characterized in that the main layer is formed from
quartz, Quartz may be provided, for example by means of PE-CVD. It has been found
that if the mechanochemical polishing' treatment is performed down to the soft-magnetic

10 material, the soft-magnetic material of the flux-guiding elements will hardly have any
" influence on the eminent result of the mechanochemical polishing process, notably in so
far as the surface is plane and free from damage. .
An embodiment is characterized in that the main layer is formed from
zirconia. Zirconia is a crystalline material in a cubic form. The main constituent is ZrO,
15 to which 5-10 at. % of CaO or Y,0, are added. Zirconia, which may be provided, for
example by sputtering, is a mechanically hard and wear-resistant material. Probably due
to its great hardness, zirconia, together with all soft-magnetic materials to be further
described, forms a substantially perfect main surface after mechanochemical polishing.
It is to be noted that zirconia and the much softer quartz can be subjected
20 to similar polishing treatments when the mechanochemical polishing process is
optimized. As compared with zirconia, quartz has technological advantages because it
can be easily deposited and etched. As compared with quartz, zirconia has the
advantage that it is much more wear-resistant.
An embodiment is characterized in that an alloy from the group of alloys
25 formed by CoZrNb alloys, FeNbSi alloys, FeSiAl alloys and NiFe alloys is used as a
soft-magnetic material. These materials may be provided by means of known techniques
such as sputtering or vapour depositibn. In the present invention the soft-magnetic
material is etched for forming the flux-guiding element. NiFe and FeNbSi alloys can
relatively easily be etched wet-chemically. For CoZrNb and FeSiAl alloys sputter-
30 etching or reactive ion etching is preferably used.

An embodiment is characterized in that a ferrite is used as a soft-magnetic -
material. A ferrite usually has such a high resistivity that the MR element can be
directly provided on the flux-guiding elements formed from such a material without
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magnetoresistive material may thus be directly provided on the main surface for forming
5 the MR element. Consequently, a direct magnetic coupling between the MR element
and the flux-guiding elements is possible. Such a coupling results in a high efficiency of
the magnetic head obtained. Ferrites can be provided by means of known techniques
such as sputtering, MO-CVD or laser ablation.
The magnetic head obtained by means of the method according to the
10 invention is provided with a head face for cooperation with a magnetic recording
" medium, particularly a magnetic tape or disc, while a flux-guiding element terminates in
the head face. In this connection ferrite flux- guiding elements have the advantage that
the ferrite contributes to the corrosion resistance and the wear resistance of the head
face.

15 An embodiment is characterized in that an NiFe alloy is used as a
magnetoresistive material. The NiFe alloy can be provided by means of known
techniques such as sputter-deposition or vapour deposition. The MR element formed
from NiFe is provided with contact faces for realising an electrical connection with a
read device. Preferably, equipotential strips having a satisfactory electrical conductivity

20 are provided on the NiFe layer formed so as to linearize the behaviour of the MR
element. This measure is described in US 4,052,748 (herewith incorporated by

reference).
An embodiment is characterized in that the base layer is formed from
quartz, |
25 An embodiment is characterized in that the base layer is formed from
zirconia.

An embodiment is characterized in that the recess in the base layer is
provided by means of etching.
An embodiment is characterized in that the mechanochemical polishing
30 treatment is performed with a colloidal suspension of SiO, particles in an alkali solution,
particularly a KOH or NaOH solution. A colloidal suspension of SiO, nano particles
may be used for this purpose, having, for example an é.verage grain size of 30 nm. The

NaCH or KOH solution may have a pH of approximately 10.
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An embodiment is characterized in that the mechanochemical polishing
treatment is performed with a mechanochemical polishing agent comprising a colloidal
SiO, solution in which grains are present which have an average particle size of less
than 1.0 micrometer and a hardness which is better than the hardness of SiO,. This

10 ‘method according to the invention yields a very smooth mechanochemically polished

' main surface. It has been found that a surface roughness R(rms) of the polished surface
smaller than | nm can be achieved. Measurements have shown that there is no damage
or defect of the material structure of the mechanochemically polished surface. The
above also applies to mechanochemical polishing of the substrate and the base layer.

15 The exact effect of the above-mentioned mechanochemical polishing agent
is not known. It is assumed that, in solution, the grains are enveloped by Si0, nano
particles due to electrostatic forces, which enveloped particles chemically and
mechanically attack the surface to be polished, while chemically attacked parts of the
surface to be polished are relatively easily removed under mechanical pressure.

20 Experiments have proved that optimum polishing results are achieved at
an average particle size of less than 1.0 um. It is therefore preferred to use grains
whose average particle size is less than 1.0 micrometer, for example 100 nanometer. It
is also preferred that the concentration of the grains in the colloidal solution is less than
1 g per litre. This solution is preferably alkaline and is, for example a KOH or NaOH

25 solution. _

AL, O, or zirconia is suitable as a material for the grains, but diamond is
preferred because the materials are to be polished. A colloidal SiO, solution provided
with diamond graizis having an average particle size of less than 1.0 um is therefore
preferred as a polishing agent.

30 The invention also relates to a thin-film magnetic head obtained by means
of the method according to the invention and having a head face for cooperation with a
magnetic recording medium, in which the flux-guiding element terminates in the head
face. In the magnetic head according to the invention the magnetoresistive element has a
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is performed down to the soft-magnetic layer. In
5 complete magnetic head, is possible.

The invention also relates to a thin-film magnetic head obtainable by
means of the method according to the invention and having a head face in which a flux-
guiding element terminates, which magnetic head is characterized in that a further flux-
guiding element spaced apart from said flux-guiding element is provided, a spacing

10 between the two flux-guiding elements being bridged by a magnetoresistive element
' located opposite a mechanochemically polished second insulation layer. The presence of

two flux-guiding elements guarantees a high efficiency.

15 These and other aspects of the invention will be apparent from and

elucidated with reference to the embodiments described hereinafter.

In the drawings 5

Figs. 1 to 16 show various steps of a first embodiment of the method
according to the invention,

20 Fig. 17 shows a thin-film magnetic head according to the invention
manufactured by means of the first embodiment of the method according to the
invention, |

Figs. 18 to 29 show various steps of a second embodiment of the method
according to the invention, and

25 Fig. 30 shows a thin-film magnetic head according to the invention
manufactured by means of the second embodiment of the method according to the

invention.

30 A first embodiment of the invention will be described with reference to
Figs. 1 to 17. This method starts from a plate-shaped substrate 1 of ferrite, an NiZn
ferrite in this embodiment, which is provided with two parallel substrate faces 3a and
3b by means of polishing. Polishing may be effected by means of known polishing
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al so been found
preferably used. An insulation layer 5a of quartz is formed, for example by means of
PE-CVD, on one of the substrate faces, in this embodiment the substrate face 3a
serving as a support. Subsequently, an adhesive layer 7a of MO, a layer 7b of Au and
5 an adhesive layer 7c of Mo are successively deposited on the layer 5a by means of, for
example sputter-deposition for forming a test and/or bias winding 7. A photoresist layer
is provided by means of, for example spin coating on the joint layers 7a, 7b, 7c. This
layer is dried and subsequently exposed, using a suitable photomask. Subsequently the
exposed photoresist is developed and then removed by rinsing in water. After
10 subsequent heating and cooling, the layer 7c of Mo is etched whereafter the unexposed
’ photoresist is removed by means of acetone and the layer 7b of Au is processed by
means of sputter-etching with an Mo pattern as a mask. The winding 7 is obtained by
subsequent etching of the Mo layer 7c.
An insulation layer 5b of quartz is provided by means of, for example PE-
15 CVD on the layer 5a and the winding 7 on this layer. The layers 5a and 5b jointly
constitute a first insulation layer 5 of a non-magnetic material. A soft-magnetic layer 17
having an upper face 17c remote from the first insulation layer 5 is formed, for
example, by means of sputter-deposition of an FeNbSi alloy on the first insulation layer
5 provided on the substrate 1 functioning as a support, which insulation layer functions
20 as a read gap. By heating FeNbSi after sputtering in a magnetic field, a layer is
obtained which is both magnetically soft and mechanically hard and wear-resistant.
Instead of an FeNbSi alloy it is-also possible to use a CoZrND alloy, an FeSiAl alloy or
an NiFe alloy. A layer 9 of Mo is provided, for example by means of sputter-deposition
on the soft-magnetic layer 17, whereafter Mo is removed by means of etching in the
25 areas l1a and 11b for structuring the layer 9. Subsequently the soft-magnetic layer 17 is
sputter-etched, with the structured layer 9 functioning as a mask and with the two layer
portions 17a and 17b being left. After sputter-etching, the parts of the layer 9 possibly
left are removed, for example by wet-chemical etching. Subsequently, a second |
insulation layer 18 having an upper face remote from the layer portions 17a and 17b is
30 formed from quartz by means of, for example PE-CVD on the remaining portions 17a
and 17b of the soft-magnetic layer 17 and on an interpositioned, bared portion 5c of the
first insulation layer 5. Material is deposited until the second insulation layer 18 has a
thickness at which the smallest distance d, between the upper face 18a and the support
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accord- 3 Since the surface 18a of the second insulation layer 18 is uneven, the

mechanochemical polishing treatment is initially performed on a small polishing surface.
After some polishing, the polishing surface increases. The layer thickness of the second
insulation layer 18 is chosen to be such, and the mechanochemical polishing process is
adapted to be such that a plane and smooth surface p is already formed before the soft-
10 magnetic material of the portions 17a and 17b is reached by mechanochemical
’ polishing. This ensures that the main surface 19, which is partly formed by the non-
magnetic material of the second insulation layer 18 and partly by the soft-magnetic _
material of the layer portions 17a and 17b, is plane, smooth and free from defects
despite differences in hardness between the non-magnetic material and the soft-magnetic
15 material. The remaining parts of the portions 17a and 17b of the soft-magnetic layer 17,
which parts adjoin the main surface 19; form two flux-guiding elements which are
denoted by 17A and 17B, respectively, in Figs. 11 to 17. In this embodiment the
mechanochemical polishing treatment, which is also referred to as tribo-chemical
polishing in literature, is performed with a colloidal suspension of SiQ, particles in an
20 alkali solution, for example NaOH to which diamond grains having an average size of
less than 1.0 um are added. The concentration of the diamond grains in said solution is
less than 1 g per litre;
A thin spacer layer 21 of a non-magnetic, electrically insulating material
is provided on the plane, defectless main surface 19 obtained in the manner described
25 above. In this embodiment quartz is deposited by means of PE-CVD for this purpose. A
layer 23a of a magnetoresistive material is provided on the spacer layer 21, for which
purpose an alloy of NiFe is sputtered in this embodiment. The layer 23a is subsequently
structured by means of a photoresist mask and etching to form an MR element 23. A
layer 25a of an electrically conducting material, for example Au is provided on the MR
30 element 23, which layer is structured by means of a photoresist mask and etching to
form equipotential strips 25 of a barberpole structure and to form electrically conducting
strips 25b for electrically connecting the MR element to a measuring device (not

shown). Subsequently an insulation layer 27 of, for example quartz is provided by



|ng to the invention is ﬁﬁrshéepﬁgs%rl rtant Af-use is made of
electrically conductlngs }E"' erlalsfor form. ing the

}‘Inw(;rgglrd![ gg%ﬁegjgﬁ? eI ect i nsylati ng spacer |ayer is nﬁéessar 0os

bet en the flux-guiding ele
and the MR el enent. A dramback of a magnetic head havi ng a spacer |ayer
bet ween t hemm%o% fenexamplet B-GY Dx Aperaress2® E&ﬁﬂ;dmg assfar las ke conducting ‘sthips

he fl di I d
by the thi cbeds SEREhEh S kel Ryes it prset f prayidd et ”%@%&%&fﬁiw
originati ngyﬂwehﬂer Qﬁﬁbt@&ﬂx&é‘cédrﬁé‘?bﬁ’oa’ﬁaﬁ??f | for 'eRGRADH BQTR? H;g% 0 Fig%é&ﬂed

through the MR el eme For reasons of icrency It

essenti al |bmmeaam©é fdraxampiham aﬂhque CHe lagen2@ensisbé blanedso I@.Qfe%ir@&ie
Since th ness of the fs pacer |layer is deternmined to a considerable
ext ent bg Hgﬁc&ggq in gdvance, for example by mechanical polishing or lapping. The unit now

obtained is provided with a head face 33 for cooperation with a magnetic recording
medium, particularly a magnetic tape by means of operations such as grinding and/or
lapping.

If the soft-magnetic material of the flux-guiding elements 17A and 17B,

10 and hence of the soft-magnetic layer 17 which was originally present, is replaced by a
’ soft-magnetic material which does not conduct electrically or has a poor electrical
conductance, particularly an MnZn ferrite, an NiZn ferrite or Fe,O, ferrite, the MR .
element 23 may be directly provided on the main surface 19. Consequently, the
insulation layer 21 may be dispensed with and the MR element 23 may be in direct |
15 magnetical contact with the flux-guiding elements 17A and 17B.

Within the scope of the invention it is possible to use the formed polished
surface p shown in Fig. 9 as a main surface. In that case it is not necessary to provide a
spacer layer 21 as is shown in Fig. 11. The desired insulation is ensured by the non-
magnetic, electrically insulating material present between the soft-magnetic portions 17a

20 and 17b used as flux guides and the polished surface p. The predetermined distance d of
the polished surface p up to the upper face 17¢c can be achieved with great accuracy.
The mechanochemical polishing treatment can be carried out with a colloidal suspension
of SiO, particles in an alkali solution, for example, a standard solution commercially
available under the trade name Syron.

25 Alternatively, zirconia may be used instead of quartz, while the insulation
layers are preferably formed by means of sputtering.

A second embodiment of the method according to the invention will be
described with reference to Figs. 18 to 29. This method starts from a plate-shaped base
element 101, preferably of ferrite which is polished on both sides for forming two

30 parallel base faces 102a and 102b. An insulation layer 104a of quartz is provided by
means of, for example PE-CVD on one of the base faces, in this embodiment the face
102b. An electrically conducting layer 106a of, for example mainly Au is provided on
the layer 104a. This layer 106a is structured by means of known techniques to form an
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is to be pgovidead TReclagerectDaal ¢o4b wnd T04c jointly constitute a base layer 104 of a non-
5 magnetic material. A layer 110 of a mask material, for example Mo is provided on the
base layer 104 provided on the base element 101, with which mask material layer an
aperture 112 is formed in the base layer 104. To this end, a photoresist is first
deposited and structured on the layer 110, whereafter apertures 112 are formed in the
layer 110 by means of etching for forming a mask. Subsequently, the base layer 104 is
10 sputter-etched with the structured layer 110 as a mask for forming the aperture 102.
After sputter-etching the remaining parts of the layer 110 are removed by wet-chemical
? etching. A layer 114a of a soft-magnetic material, for example a CoZrNb alloy is
provided on the base layer 104 thus structured, while the aperture 102 is completely
filled up. The layer 114a is used for forming a flux-guiding element 114. The base
15 layer 104 provided with the filled aperture 102 is subsequently mechanochemically
polished by means of a polishing agent.comprising an alkaline colloidal Si0, solution to
which diamond particles are added for creating a plane support face 116 which is free
from scratches. A first insulation layer 105 of a non-magnetic material is formed on the

base face 116 thus obtained.

20 Flux-guiding elements 117A and 117B are provided in the main layer 105
in a manner analogous to that described with reference to the first embodiment of the

’ method according to the invention. In this method a main surface 119 is also formed by

| means of mechanochemical polishing, whereafter an MR element 123 is provided.

A thin-film magnetic head manufactured by means of the second

25 embodiment of the method according to the invention is shown in Fig. 30. The
magnetic head has a head face 118 and comprises a base element 101 on which a non-
magnetic base layer 104 is provided. The base layer 104 accommodates a winding 106
serving as an inductive transducing element and a flux guide 114 of a soft-magnetic
material terminating in the head face 118. A non-magnetic main layer 105 consisting of

30 a first and a second insulation layer and accommodating a front flux guide 117A
terminating in the head face 118 and a rear flux guide 117B is provided on a
mechanochemically polished support face 116. Both flux guides or flux-guiding
elements are formed from a soft-magnetic material. If desired, a bias winding 107 may
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MR element 123 is provided directly or indirectly. A protective layer, against which a

counterblock 131 is secured, extends on the MR element.

b] It is to be noted that the invention is of course not limited to the
embodiments shown. For example, within the scope of the invention it is possible to
form the flux-guiding layer 114 by structuring a soft-magnetic layer by means of an
etching process. |
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25

L. A method of manufacturing a thin-film magnetic head comprising a
magnetoresistive element and at least one flux-guiding element, which method starts
from a support, characterized in that a first insulation layer of a non-magnetic material
is formed on a support face, on which insulation layer a soft-magnetic layer having an
upper face remote from the first insulation layer is formed by depositing a soft-magnetic
material, whereafter a layer portion is removed for forming the flux-guiding element,
whereafter non-magnetic material is deposited on a remaining portion of the soft-
magnetic layer and on a free portion of the first insulation layer for forming a second
insulation layer having an upper face remote from the soft-magnetic layer, said second
insulation layer having a thickness at which, viewed in a direction transverse to the
support face, the smallest distance between the support face and the upper face of the
second insulation layer is larger than the largest distance between the support face and
the upper face of the soft-magnetic layer, whereafter a mechanochemical polishing

treatment is performed as from the upper face of the second insulation layer for forming

a main surface at which magnetoresistive material is subsequently deposited for forming

the magnetoresistive element.

2. A method as claimed in Claim 1, characterized in that the
mechanochemical polishing treatment is performed down to the soft-magnetic layer.

3. A method as claimed in Claim 2, characterized in that a spacer la_tyer ofa
non-magnetic, electrically insulating material, on which the magnetoresistive material is
deposited, is formed on the main surface obtained by means of mechanochemical
polishing.

4, | A method as claimed in Claim 1, characterized in that the second
insulation layer is mechanochemically polished up to a predetermined distance to the
upper face of the soft-magnetic layer, whereafter the magnetoresistive material is
deposited on the main surface obtained. _

5. A method as claimed in Claim 1, 2, 3 or 4, characterized in that a plate-

shaped substrate is used which is provided with two parallel substrate faces by means of

¢
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substrate faces of a sulissSmkHbesRegdges ar.e-thi cker than a central piece

surrounded by the edges a such -a \gm es
successivel y acquire a suH%ﬂ“E‘“tg ual thic mm, !E ?" hi ckness
and again FBM54.48%i al |y ss 49 the *central pi cteMand22,04, 1993

whi ch cycle the substrate faces of a substrate whose edges are thinner than

a central pnechanial andfotededhanottemddgepoliztimg) Wherbatbri dnesofcaid fagRY i$ Bgdd e
edges successively acquire a substan- tially equal thickness, a |arger

t hi ckness aW@#PaHdRfe-a sub- stantially equal thickness as the central piece.
The above- nti oned of nuf.act uyin arallel faces i.s described
ext ensi vel y&?n Eur opegﬁ&l%%gnﬂs CEM%dc‘8t¢Wg‘zz<g‘Wﬂeécwr gk ihsrsubstrate 5 S,

pat ent appl fopmed Trorel softitagddtle Hageridli | ed Jun, 3, 1993) (PHN 14.081);
herewith incor- porated by reference. Substrates having parall el

substrat @ faces have Ahmethodas claimed in Claim 1, 2, 3 or 4, characterized in that a base
element is used on which an inductive transducing element, a base layer of a non-
magnetic material and a flux-guiding layer are provided, whereafter a mechanochemical
polishing treatment is performed for forming the support face.
8. A method as claimed in Claim 7, characterized in that the base element is

10 plate-shaped and is provided with two parallel base faces by means of mechanical

* and/or mechanochemical polishing, whereafter the base layer is formed on one of said
faces.

9. A method as claimed in Claim 7 or 8, characterized in that the base

' element is formed from a soft-magnetic material.
‘ 15 10. A method as claimed in any one of the preceding Claims, characterized in
| that quartz is used as a non-magnetic material. |
11. A method as claimed in any one of the preceding Claims 1 to 9,
characterized in that zirconia is used as a non-magnetic material. |
12, A method as claimed in any one of the preceding Claims, characterized in
20 that the layer portion of the soft-magnetic layer is removed by means of etching.
, 13. A method as claimed in any one of the preceding Claims, characterized in
' that an alloy from the group of alloys formed by CoZrNb alloys, FeNbSi alloys, FeSiAl
alloys and NiFe alloys is used as a soft-magnetic material.
14, A method as claimed in any one of Claims 1 to 12, characterized in that a
25 ferrite is used as a soft-magnetic material. |
15. A method as claimed in any one of the precéding Claims, characterized in
that an NiFe alloy is used as a magnetoresistive material.
16. A method as claimed in Claim 7, 8 or 9, characterized in that the base
layer is formed from quartz.
30 17. A method as claimed in Claim 7, 8 or 9, characterized in that the base
layer is formed from zirconia.
18. A method as claimed in Claim 7, 8, 9, 16 or 17, characterized in that a
recess in the base layer is provided by means of etching, which recess is subsequently
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that the mechanochemical polishing treatment is performed with a colloidal suspénsion
of SiO, particles in an alkali solution.

5 20. A method as claimed in any one of Claims 1 to 18, characterized in that
the mechanochemical polishing treatment is performed with a mechanochemical
polishing agent comprising a colloidal SiQ, solution in which grains are present.

21, A method as claimed in Claim 20, characterized in that an alkaline
solution is used as an SiO, solution.
10 22, A method as claimed in Claim 20 or 21, characterized in that grains are
used which have an average particle size of less than 1.0 micrometer and a hardness
which is better than the hardness of SiO,. .
23. A method as claimed in Claim 20, 21 or 22, characterized in that diamond
\ grains are used. |
l‘ 15 24, A method as claimed in Claim 20, 21, 22 or 23, characterized in that a
‘ grain concentration of less than | g per litre is used in the colloidal solution.
25. A thin-film magnetic head obtained by means of the method as claimed in
any one of the preceding Claims and having a head face for cooperation with a
magnetic recording medium, in which the flux-guiding element terminates in the head
20 face.
26. A thin-film magnetic head obtainable by means of the method as claimed
in any one of claims 1 to 24 and having a head face in which a flux-guiding element
terminates, characterized in that a further flux-guiding element spaced apart from said
flux-guiding element is provided, a spacing between the two flux-guiding elements being
25 bridged by a fnagnetoresistive element located opposite a mechanochemically polished

second insulation layer. -
R
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Method of manufacturing a magnetoresistive magnetic head in which a
first insulation layer (5) of a non-magnetic material is formed on a support face (3a), on
which insulation layer a soft-magnetic layer having an upper face remote from the first
insulation layer is formed by deposition of a soft-magnetic material. Subsequently a
layer portion is removed for forming the flux-guiding elements (17a, 17b) and an
aperture extending between said elements, and non-magnetic material for forming a
second insulation layer (18) having an upper face remote from the soft-magnetic layer is
deposited on the soft-magnetic layer and in the apertixre formed therein, which second
insulation layer has such a thickness that, viewed in a direction transverse to the support
face, the smallest distance between the support face and the upper face of the second
insulation layer is larger than the largest distance between the support face and the
upper face of the soft-magnetic layer. Subsequently, a mechanochemical polishing
treatment is performed as from the upper face of the second insulation layer for forming
a main surface (19) at which magnetoresistive material is subsequently deposited for

forming a magnetoresistive element (23).

(Fig. 17)
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An enbodi ment is characterized in that the base.el ement is plate-shaped and

is provided with two parallel base faces by neahs of nechani cal..and/ or

mechanocheni cal polishing, whereafter the base tayer “i's for med -on-one of

said faces. The parall el base faces obt ai ned by ns of the nethod

descri bed in European Patent Appli cat ff)é 92201739. q&i EW ¢5d U. S.
~ I

patent application Ser. No. 071, 908). so in this case
mechanochem cal polish- ing of I terials and nechanochemi cal
pol i shing of distributed matgri al s are concer‘ed.
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REPLACEMENT SHEET -7- -An enbodi.ment is .
characterized in that the base elenent is formed from-a soft-magnetic
material, particularly a ferrite. An enbodi nent is characteri-zed in that
the main layer is formed from quartzd.sﬁ%tz may be p"'r‘O'vi ded; -for—exanpl e

by neans of PE-CVD. It has been foun I f the necha; ochem cal

polishing treatnment is performed down to the soft-magn ei‘*?aReplat:é?ie
soft-magnetic material of the flux-guiding elenents WI| ny
i nfl uence on the emnent result of the nmechanochem cal ss,

notably in so far as the surface is plane and free from damage
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An enbodi ment is characterized in that the nain |ayer -i's formed from
zirconia. Zirconiais a crystalline material in a cubic-form_TFhe—main—
constituent is Zr(err] to which 5-10 at. % of CaO or ¥[err]Qerr] are 4
added. Zirconia, which may be provided,, fQr exanple by spgﬁ;gwmfi e? h“e
mechani cal ly hard and mear-resistant%GAﬂiﬁlal Probabl y du
hard- ness, zirconia, together with al’l soft-nagnetic nate
further described, forms a substantially perfefé mai n surf

h

mechanochemi cal pollshlng It is to be noted at zirconia and the much
softer quartz can be subjected to simlar polu%hlng treatments when the
mechanocheni calyspo i/shi ng: H\S  OptHE: Xs co 9sred Wi th
zirconia, quartZ ha ] At ; : d7/Ban be easily

deposited and et ched.
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An enbodi nent is characterized in that an alloy. fromthe group of-alloys

formed by CoZrNo alloys, FeNoSi alloys, FeSi Al alloys:and NiFe alloys is

used as a soft-magnetic material. These materials may be provi-ded--by .nmeans___

of known techni ques such as sputteri or _vapour deposition. In the present

i nvention the soft-magnetic materi al rE')ggf!‘]e@ched for form ng Thisahdel i BEMiRILING
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el enment. N Fe and FeNbSi alloys can atrvely easily be etc
wet -chem cal ly. For CoZrNb and FeSi Al alloys sputter-etchin NH”“'E"
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which-an MhZn ferrite or an NN Zn ferrite is preferred, .the spacer, |ayer may
be omitted in the nethod according to the invention and_a.layer of:a-— ——
magnet or esi stive material may -8- thus
be directly provided on the main surface, for formng th&hlyhest BasBemn Replaced
Consequently, a direct nagnetic coupl i@/‘b@t ween the MR eLl“m

i
flux-guiding elenents is possible. Suchf a coupling result H“Iﬁmlmllﬂ

efficiency of the

-

17A . :.

6-X—PHN14429



-~

magnetic head obtained. Ferrites can be provided by means of knawn. _

t echni ques such as sputtering, MO CVD or |aser ablation. ~ The rragnetlc
héad obt ai ned by nmeans of the method according to the Qgh%gﬁamdﬁep&eml ded
with a head face for cooperation with a nmagnetic recor

particularly a magnetic tape or disc, nyqeq a flux- gw‘-g“mm M\m
termnates in the head face. In this tion ferrite

el enents have the advantage that the ferrite con- tributes to the corrosion
resistance and tihe. weai . resi-st-ance-aof  .{he head face. An enbodi nment is
characterized i that -an- N Fe’ alloy Is used qds a magnetoresistive material.
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el~ectrical connection with a read device. Preferably, equi- potential

strips having a satisfactory el ectrical
Ni"Fe | ayer formed so as to linearize the behaviour of the MR el enent.
No. 4,052,748 (herew-th--incorporated by
gﬁfﬂ;}zed in that the base |ayer is
acteri zed ﬂhmsmanﬁgﬁgm eﬁe | ayer
An enbodlnent S characterlz
provi ded by et chi ng. An
pchem ca
suspens{ on g

nmeasure is described in U S Pat.
refer- ence). An enbodi nment
formed from quart z. An enbodi nment

is formed from zirconi a.
recess in the base | ayer

characterized in that the nmecha-
Z dal
arly a KOH or

performed with a co
solution, par- tic

pol i shi ng tre

spluthon. A colloidal suspension
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01{ SiJerr] nano particles may be used for this purpose, having, for
exanpl e an average grain size of 30 nm The NaCH or KOH sol ution may have a

pH of approximately 10. It is to be noted that mechanochem cal polishing
I's known per se from|BM Technical D sl osure Bulletin, vol-27;--no.._.8, _
January 1985. This publication descrl Qechanochem' - cal poI I shi ng of a
glass structure. It is also known per 0 use an agent TdwBiet BisHebk, DReplaced

avai |l abl e under the trade nane Syton for t he nechanochen c
process. - _ 'ﬂ [”mm
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A enbodi nent is characterized in that the necha- nochem cal polishing
tféatnent Is perfornmed with a nmecha- nochem cal polishing agent conprising
a’colloidal Si@ solution in which grains are present which have an average
particle size of less than 1.0 nicro d a hardness mhrch T'sThetter”
than the hardness of SiJerr]. This ?% ccordi ng t ﬁ nt oqme
yields a very snmooth nmecha- nochem call ¢ polished naln % %een
found that a surface roughness R(rns) of the polished su than
1 mm can be achi eved. Measurenents have shown that there

defect of the material structure of the nmechanochem cally pollshed surface.

The above al so applies to nechanochem cal polishing of the substrate and
t he base | ayer. 123 119
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‘I;?e iexlact' effect ‘of the above-nentioned mechanocheni- cal

- I8 not

partic

es chem cal |y #nd: nechafffcal |y attack the surface t
whi | e €heni cal | y attiafked: parits. of theisurface to be polis tEPh

REPLALENT
pol i shi%gn,ggent

known. It is adsumed th#t, in solution, the grains ar aok
Sig erf] nano particl & due tovel ectrostatic forces,
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whi ch envel oped
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relatively easily renmoved under mechani cal pressure. Expgr) nents have

proved- t hat- opti num-pdliaahi yge
size-of less than 1.0 [err]- T
average particle size is les ——0—HHcrofreter,

is al so pref eBAKGROUNDORTHEINYENTIANof fhe grains in the
solution is |

ss,than 1 ? per liter. Thtjs soluti.on I's preferably
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managnetg heagrcompsisifiaa magnetoresistive cle-
ment and at least one flux-guiding element, which method
starts from a support.

Mcthods of manufacturing thin-film magnetic heads are
known, inter alia from EP-A 0 5 16 022 (herewith incorpo-
rated by reference). The magnetic heads obtained by means
of the methods described in EP-A 0 5 16 022 are integrated
magnetic heads having a contact face and comprising an
inductive part and a magnetoresistive

In accordance with a first method known from EP-A 0516
022, a first structured insulation layer of SiO, is formed on
a magnetic substrate of a ferrite by means of a lithographic
method, which layer is subsequently provided with a layer
of Au for forming a write coil. Subsequently, a second
structured insulation layer is provided on which a core layer
of an amorphous material based on Co is deposited. This
core layer is in contact with the magnetic substrate via
apertures in the insulation laycrs. The parts of the second
insulation layer not coated by the core layer are filled up by
means of a filling layer of Al,O,. Afler the filling layer has
been formed, the core layer and the filling layer are planed
by means of lapping. A third structured insulation layer of
Si0, is deposited on the surface thus obtained on which
subscquently a bias winding of Au is formed. A fourth
structured insulation layer of SiO, is provided on this
winding. Subsequently, a magnetoresistive element of per-
malloy is formed on this insulation layer. Then a fifth
structured insulation layer of SiO, is provided and subsc-

- quently a yoke of an amorphous material which is based on

Co and is in contacl with the core layer via apertures in the
three last-mentioned insulation layers.

In accordance with a second method known from EP-A Q
516 022, two flux guides of a Co-based amorphous material
are provided on a non-magnetic substrate, while an aperture
between the two flux guides is filled with a first insulation
layer of SiO,. The surfacc formed by the flux guides and the
first insulation layer is provided with a second structured
insulation layer on which subsequently a magnetoresistive
{MR) element is formed. The MR element is then coated
with a third structured insulation layer on which subse-
quently a bias winding is formed. A fourth structured insu-
lation layer is provided {or the purpose of coating the bias
winding. Subsequently, a magnetic core layer of a Co-based




o

but * di amond i EE%IIMENEHTb%c"aTﬁs, the materials are to be poljshed,

col I oi dal Si Jje J TOrUtTon ptoyi ded with di anond grains ha\,REPd-AQEN'gN(I;rSé@gT
particle size jof (ﬁé w@a\w errlmis therefore preferred as a polishing
agent . The ji fve ‘!) efates to a thin-fil mmagnetic head obtai ned
by the nethod jadee+drg-t-o—tFe ifnventi gn and having a head face for
cooperation wifth a rragnetlc recgrd- indg medium in which the flux-guiding
el ement terni Nates™ T U imdiaGs fotmed whicH {3Gn Eofiast with ebfakefugli ng to the
i nven- tion the magneto tvtav Emtm@%ﬁe@mse-mbnabﬁaﬁmsamsan rately
defined base, so that t ‘ﬁhttc f\em(ﬁn@gl stive

el ement is ensured. Due owirﬂpea ﬁ‘lﬁﬂ | &ga N nventi on,
corrosi on-resi st ant and)"é&{h &Qt rﬂa}bb ‘#s é f or Iayers
termnat- ing in the he ce ongI| et ne e head face,

hence of the conplete * ead |s possi hl e.
In the methods known from EP-A 0 516 022, the MR

element is formed on an insulation layer which is provided
on a lapping-processed surface. However, it has been found
that such a surface extending on two or more adjacent layers
of different material bas unevennesses. Moreover, damage
particularly in the form of scratches in and disturbances of
material under the surface obtained are caused by lapping.
Such a surface is inadmissible, inefficient for information
transfer and may increase the risk of instabilities in the MR
element provided on said surface.

~ The magnetic heads obtained by the methods known from
EP-A 0 516 022 have the further drawback that due to the
presence of irregularities on the surface engaging the MR
clement, a relatively thick insulation layer is required
between the MR element and the electrically coaducting flux
guides so as to ensure a reliable electrical insulation between
the MR element and the flux guides. However, such insu-
lation laycrs have a further negative influence on the effi-
ciency of the magnetic heads. For various reasons, damage
in and material disturbance under a surface above which the
MR element is present arc thus undcsirable.

=

OBJECTS AND SUMMARY OF THE
INVENTION

It i3 an object of the invention to provide a method of
— manufacturing a magnetic head described in the opening
paragraph in which the magnetoresistive element is provided
on a surface which is accurately defined as regards planeness
and structure.

To this end the method according to the invention is
characterized in that a first insulation layer of a non-
magnetic material is formed on a support face, on which
insulation layer a sofi-magnetic layer having an upper face
remote from the first insulation layer is formed by depositing
a soft-magnetic material, whereafter a layer portion is
removed for forming the flux-guiding element, whereafter
non-magnetic material is deposited on a remaining portion
of the soft-magnetic layer and on a free portion of the first
insulation layer for forming a second insulation layer having
an upper face remote from the soft-magnetic layer, said




- 10 - The invention also relates to a {h
by neans of the nethod according to the i

in which a flux-guiding elenent term nates$

characterized in that a further flux-guid
flux- guiding el enent i s provided, a gpac
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¢ head GEPAAREMENT SHE
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d} apart fromsaid
f 1 ux-gui di ng
opposite a

mﬂihﬁﬂhgﬁg havi ng a head face

nmechanocheni cal |y pofeF ulauon layer having such a thickness that, viewed

in a direction transverse to the support face, the smallest
distance between the support face and the upper face of the
second insulation laycr is larger than the largest distance
between the support face and the upper face of the soft-
magnetic layer, whereafter a mechanochemical polishing
treatment is performed as from the upper face of the second
insulation layer for forming a main surface at which mag-
netoresistive material is subsequently deposited for forming
the magnetoresistive element.

In the method according to the invention, a very plane and
smooth main surface which is free from damage is obtained
for providing the magnetoresistive clement (MR element) in
an electrically insulated manner, which results in a magnetic
head having a stable MR element and an efficiency which is
improved with respect to that of the known magnetic heads.

Nucleation of domain walls or formation of small areas
baving an unwanted direction of magnetization and
unwanted, sudden changes of magnetization during the read
process are obviated as much as possible in a magnetore-
sistive element provided on a surfacc which is free from
defects.

It is to be noted that mechanochemical polishing is
performed with the aid of a working surface of a polishing
tool which is urged against and moved across the surface to
be polished. The working surface is provided with a liquid
mechanochemical polishing agent. This is an agent with
which chemical and mechanical polishing is simultaneously
possible.

It is further to be noted that polishing without damage can
be realised by purely chemical polishing. This method has
drawbacks. The geometrical control, i.e. the planeness of the
surface is far from optimal and many chemical polishing
agents are more or less toxic and aggressive and should
consequently be used in an extremely protected eaviron-
ment, which is a drawback in mass production. The mecha-
nochemical polishing operation, in which components
mechanically removed from the surface to be polished are
chemically dissolved, leads to a very smooth and plane
polished surface which is free from damage.

An embodiment of the method according to the invention
is characterized in that the mechanochemical polishing
reatment is performed down to the soft-magnetic layer. In
this method according to the invention the mechanochcmical
polishing treatment is performed on non-magnetic material
as well as on sofl-magnetic material. It has surprisingly been
found that despite the consequently diffcrent material prop-



second insul ation layer. The presence of e errep\t,;\'pLACEMENT SHEET
guarantees a high efficiency. BRI EF = DRAW NGS

These and ot her aspects of the invention W ljl M8 JNHa99¥nt{ffom and

elucidated with reference to the enbodi nefgptg descri bed hefe| nater. In the

dr awi ngs FIGS. 1 to 16 show varioup steps of a TTT St ermopll ment of the

nmet hod according to the invention, FI G | m magnetic

head according to the 'eﬁié@ﬁﬁdcﬁﬂldm&hfo&n BoRshiRy imﬁruSv taheaﬁdrst
enbodi ment of the nethgg du@vmg daelve$ t0 29 show

various steps of a sec dﬂrgg&g ﬁ%ﬁﬁm%’ 1§ 8&ndfoiid t © t he
I nvention, and FI G %8& ofithk Lm 99&§He8 ggg %gl ng to the
mechanical aspect of mechanochemically polishing will be
enhanced by adding a small quantity of hard, adequate
grains to the polishing agent of the mechanochemical type.
Thus, even when using combinations of materials of diver-
gent mechanical hardnesses, smooth and plane surfaccs
which are free from damage can be realised in the manu-
facture of magnetic beads.

An embodiment of the method according to the invention
is characterized in that a spacer layer of a non-magnetic,
electrically insulating material, on which the magnetoresis-
live material is deposited, is formed on the main surface
obtained by means of mechanochemical polishing. The

Nt spacer layer may be formed from known materials such as
quartz or zirconia which can be provided in a well-defined
manner by means of known tcchniques. This method accord-
ing to the invention is particularly important if use is made
of electrically conducting soft-magnetic materials for form-
ing the flux-guiding elements. In that case an insulating
spacer layer is necessary in order to prevent electrical
contact between the flux-guiding elements and the MR
element.

A drawback of a magnetic head having a spacer layer
between the MR element and the flux-guiding elements is,
however, that due to the distance between the MR element
and the flux-guiding elements cansed by the thickness of the
spacer layer only a portion of the magnetic flux originating
during operation from a magnetic recording medium is
passed through the MR element. For reasons of efficiency it

— is therefore of essential importance that such a layer can be
made as thin as possible. Since the thickness of the spacer
layer is determined to a considerable extent by the quality of
the main surface, this spacer layer may be perfectly smooth
and have no thickncss variations when the method according
to the invention is used, and, moreover, it may be very thin,
for example 0.2 um with respect to the layer thicknesses of
at least 0.6 um required in the known magnetic heads,
without any risk of short-circuit of the MR element.

An embodiment of the method according to the invention
is characterized in that the second insulation layer is mecha-
nochemically polished up to a predetermined distance to the
upper face of the soft-magneuc layer, whereafter the mag-
petoresistive material is deposited on the main surface
obtained. This embodiment has the advantage that only one
type of material is to be polished mechanaochemically. The




i nvéention manufactured by neans of the seccnﬁgwgmﬁwnseht oi t he net hod

according to the invention. DESCHRI BTI ON OF THE PRE Eﬁﬁﬁ_‘% EMENT SHEET
EMBODI MENTS A first enbodi ment of the inJenti@8 JuN19%e describ (?
reference to FIGS. 1 to 17. This nethod stdrtls froma pl at ¢- $haped

substrate 1 of ferrite, an NiZn ferrite bn{t NTSTEMDOUTITENT, ivhich S

provided with two parallel substrate faces{3a and 3b by means of polishing.

Pol i shing may be effect aisehyf woariypofolk mawmapcdnds consequentlyodecharut t he

met hod described i n Eur ampehemicallypolishing oneabatenialrims tgogiedt adaniags. S.
application Ser. No. 07Ith&bth therthitkndss of yhelager to'e deposited, ianditheayer Sa of
quartz is formed, for exafEdfreRiovilCditngOmetiabdfiamical pilizhitiy dacbesubstrate
faces, in this embodi e detdrRifined Bechtaidlg. b%ﬁ?ff&oﬁe&ﬂdu?&rél&bi’c gegport .

metrical control of the desired layer thickness.

If the mechanochemical polishing process is to proceed
satisfactorily, it is essential that the second insulation layer
of the given thickness is planarized. If the second insulation
layer is planarized, it is either possible to stop in this
insulation layer al a desired level or to continue polishing
down to the soft-magnetic layer. It is recommended to take
hardness differences between the non-magnetic material and
the soft-magnetic material into account from the start of the
mechanochemical polishing process.

An embodiment of the method according to the invention
is characterized in that a platc-shaped substratc is used
which is provided with two parallel substrate faces by means
of mechanical and/or mechanochemical polishing, whereal-
ter one of these faces is used as a support face. The other face
is used as a reference face in the further process steps.

The parallel substrate faces may be obtained by starting
from a substrate having two substrate faces, the substrate
faces being first prepared by means of polishing until they
have a convex, plane or concave initial shape, whereafter a
removal cycle is run through at least once, during which the
substrate faces of a substrate whose edges are thicker thana
central piece surrounded by the edges are polished in such
a way that the edges successively acquire a substantially
equal thickness, a smaller thickness and again a substantially
equal thickness as the central piece, and during which cycle
the substrate faces of a substrate whose edges are thinner

N than a central piece surrounded by the edges are polished in
such a2 way that the edges successively acquire a substan-
tially equal thickness, a larger thickness and again a sub-
stantially equal thickness as the central piece. The above-
mentioned method of manufacturing parallel faces is
described extensively in European Patent Application
02201739.7 (corrcsponds to U.S. patent application Ser. No.
071,908, filed Jun. 3, 1993) (PHN 14.081); herewith incor-
porated by reference.

Substrates having parallel substrate faces have the great
advantagc that they can be used in a mas3 manufacturing
process for the further steps of the method. Consequently,
mechanochemical polishing steps can be performed at a
larger stage for the purposc of smoothing and planting a
layer having a single or multiple material structure and for




Subsequently, an adhesive layer 7a of MO, a layer 7b of Au an Ep{pgﬂﬂﬁ&ﬂ&ﬂgET
| ayer 7c of Mo are successively deposited on the |ayer Sa by ans of, for
exanpl e sputter-deposition for formng a test and/or bias winding 7. A
photoresi st |layer is provided by nmeans qof, for exanple spin coating on the
joint layers 7a, 7b, 7c. This |ayer i s & red and subsequent |y

- 11 - exposed, USINgof. pdHiiniAl'aa it Hafthg 4 mulbiphes G bifudnld,
but of which only one or some materials of the layer can be
polished via the mechanochemical polishing process and the
other material cannot be polished.

An embodiment of the method is characterized in that the
substrate is formed from a soft-magnetic material, particu-
larly a ferrite.

It is to be noted hat a ferrite is understood to be a magnetic
material of, for example one of the following crystallo-
graphic groups: garnets, spinels, perovskites. Favourable
properties of ferrite are its great wear resistance and its -
satisfactory shielding effect against disturbing fields. The
stability of a magnetoresistive head is usually also favour-
ably influenced by the effect of the ferrite on the thin-film
flux-guiding elements and the magnetoresistive element.
Moreover, a ferrite substrate has the technological advantage

» that the substrate can be used as a flux-guiding laycr.

An embodiment is characterized in that a base clement is
used on which an inductive transducing element, a base
layer of a non-magnetic material and a flux-guiding layer are
provided, whereafter a mechanochemical polishing treat-
ment is performed for forming the support face. The base
layer may be provided with a recess by removing material
from a side remote from the base element, preferably by
means of etching, which recess is subsequently filled up with
a soft-magnetic material for forming the flux-guiding layer.
This method yields a magneric head having a write function
as well as a read function. During the method a write portion
and subscquently a rcad portion i3 formed. In order to ensure
an accurately defined main surface, the base layer is aiso
mechanochemically polished in this embodiment. A mag-
netical advantage on making a planar write portion cannot
be achieved. However, 2 maximum planeness is necessary to

et obtain a planar read portion having the previously men-
tioned advantages.

An embodiment is characterized in that the base element
is plate-shaped and is provided with two parallel base faces
by means of mechanical and/or mechanochemical polishing,
whereafter the base layer is formed on one of said faces. The
parallel base faces may be obtained by means of the method
described in European Patent Application no. 92201739.7
corresponds to U.S. patent application Ser. No. 071,908).
Also in this case elements with parallel faces have advan-
tages as far as mass manufacture, mechanochemical polish-
ing of single materials and mechanochemical polishing of
distributed materials are concerned. ' :
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exposed photoresist is devel oped and then renoved by rinsing in water.

After subsequent heating and cooling, the layer 7c of M is ekehatbEMENT SHEET
whereafter the unexposed photo- resist is renoved by neans of acetone an

the layer 7b of Au is processed by neans of sputter-etching with an M
pattern as a mask. The winding 7 is obtained by subsequent etching of the

Mo | ayer 7c. An insulation |ayer 5b of quartz is provided by neans of,

for exanple PE-CVD on thsnleaﬁ;iifmgm cbieRdh ot Fnbpsk Rlcindagyer . The

| ayers 5a and 5b jointl, E . N 2hlafy haver 5 of a
non- magnetic material . %f@?@ -Pang?l'b{ai ?/%cr W%%\/?’ng an 8p%er face 17c

renmote fromthe first i *ation layer 5 is fornmed, for exanple, by means
of sputter-deposition of Aarembesiinssntas chagacterizeddnithatdbe main lryYeriidn | ayer 5

provi ded on the subst r Zommed fromoquiansi Quartesmay dergroyided.vibr exammigul at i on
| ayer functions as a r dxydncpme of BE-G¥ER Itkps been found that if the mecha-
nochemical polishing treatment is performed down to the
soft-magnetic material, the soft-magnetic material of the
flux-guiding elements will hardly have any influence on the

eminent result of the mechanochemical polishing process,

notably in so far as the surface is plane and free from

damage.

An cmbodiment is characterized in that the main layer is
formed from zirconia. Zirconia is a crystalline material in 2
cubic form. The main constituent is ZrO, to which 5-10 at.
% of CaO or Y,0, are added. Zirconia, whichk may be
providcd, for example by sputtering, is a mechanically hard
and wear-resistant material. Probably due to its great hard-
ness, zirconia, together with all soft-magnetic materials to be
further described, forms a substantially perfect main surface
after mechanochemical polishing.

It is to be noted that zirconia and the much softer quartz
can be subjected to similar polishing treatments when the
mechanochemical polishing process is optimized. As com-
pared with zirconia, quartz has technological advantages
because it can be easily deposited and etched. As compared
with quartz, zirconia has the advantage that it is much more
wear-resistant. -

An embodiment is characterized in that an alloy from the
group of alloys formed by CoZsNb alloys, FeNbSi alloys,
FeSiAl alloys and NiFe alloys is used as a soft-magnetic
material. These materials may be provided by means of
S~ known techniquecs such as sputtering or vapour deposition.

In the present invention the soft-magnetic material is etched
for forming the fux-guiding element. NiFe and FeNbSi
alloys can relatively easily be etched wet-chemically. Fo1
CoZsNb and FeSiAl alloys sputter-ctching or reactive ior
etching is preferably used.

An embodiment is characterized in that a ferrite is used as
a soft-magnetic material. A ferrite usually has such a high
resistivity that the MR element can be dircctly provided on
the flux-guiding eclements formed from such a2 material
without resulting in any noticeable loss of sensitivity of the
magnctic hcad. In other words, when a ferrite is used, in
which an MnZn ferrite or an NiZn ferrite is preferred, the
spacer layer may be omitted in the method according to the
invention and a layer of a magnetoresistive material may
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FeNbSi after sputtering in a magnetic field, a layer is obtained which is

both magnetically soft and mechanically hard and wear -resi st@ﬂ; &\%Nqa\m{gﬂ
‘an FeNbSi alloy it is also possible to use a CoZrNb all oy, lié‘gu | oy

or an NiFe alloy. Alayer 9 of Mo is provided, for exanple by nmeans of
sputter-deposition on the soft-magnetic g ayer 17, whereafter Mo is renoved
by nmeans of etching in the areas 1la and 11b for structuring the |layer 9.

Subsequently the sof netic layer, 17 is sput er etched with the
structured | ayer 9 f ngg‘ihﬁﬁq ‘é&eda:gfﬁ °I ayer portions
17a and 17b being | eMR ejgment. q’ﬂ 'f"gt he | ayer 9
possibly left are rePRUEER thegH

Subsequent |y, a secoPR@$sh §PS‘B P(S’H“P ‘118‘ ‘H ace renote from
the |ayer portions 1%%% °P'§‘q° jtes <8Ry 5/_% WE"@ s of, for
exanpl e PE-CVD on th teFhry Q‘ﬂfdrsl“FBﬁ%-"m’ﬂ&“& Of H8<sof t - magneti c
The magncuc head obtained by means of the method
according to the invention is provided with a head face for
cooperation with a magnetic recording medium, particularly
a magnetic tape or disc, while a flux-guiding element
terminates in the head face. In this connection ferrite flux-
guiding elements have the advantage that the fersite con-
tributes to the corrosion resistance and the wear resistance of
the head face.
An embodiment is characterized in that an NiFe alloy is
N used as a magnetoresistive material. The NiFe alloy can be
provided by means of known techniques such as sputter-
deposition or vapour deposition. The MR element formed
from NiFe is provided with contact faces for realising an
electrical connection with a read device. Preferably, equi-
potential strips having a satisfactory electrical conductivity
are provided on the NiFe layer formed so as to linearize the
behaviour of thec MR clement. This measure is described in
U.S. Pat. No. 4,052,748 (herewith incorporated by refer-
euce).
An embodiment is characterized in that the base layer is
formed from quartz.

An embodiment is characterized in that the base layer is
formed from zirconia.

An embodiment is characterized in that the recess in the
base layer is provided by etching.

— An embodiment is characterized in that the mecha-
nochemical polishing treatment is performed with a colloi-
dal suspension of SiO, particles in an alkali solution, par-
ticularly a KOH or NaOH solution. A colloidal suspension
of 8§10, nano particics may bec uscd for this purpose, having,
for example an average grain size of 30 am. The NaOH or
KOH solution may have a pH of approximately 10.

It is to be noted that mechanochemical polishing is known
per se from IBM Technical Disclosure Bulletin, vol 27, no.
8, January 1983. This publication describes mechanochemi-
cal polishing of a glass structure. It i3 also known per se to

"use an agent commerciaily available under the trade name
S for the mechanochemical polishing proccss.
e pORTE REPLACEMENT SMEET
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| ayer 17 and on an interpositioned, bared portion 5c of the first

i_nsulation layer S. Material is deposited until the second insul atli - A¥EEET
18 has a thickness at which the snallest distance d[err], betﬁégh&¢%%€%§$

face 18a and the support face 3a is larger than the | argest distance d[err]
bet ween the upper face 17c and the support face 3a. The second insul ation
| ayer 18 thus formed is mechanochem cally polished for formng a
su%st antiall'y perfect| {\MpfRRedimeat daoehamcanizad sigr that ctbeomaghach is free from
def ect s. Si nce t h@oshmigapolighing treatment iscpestormed with 3 machaayer 18 is
uneven, the mechanocfeghemiralppolishingnggentccomprising @ ¢alloidaj iSiOy per f or med on
a smal | polishing suselitien imwhish grains apppiessnt witicht havenl dvetsgeg sur f ace
i ncreases. The | ayer patticlek size rofslessothanhk0 seitrometen and & hadndsayer 18 is
chosen to be such, arwhi¢this bewdrathan theilaedneso bi SIOQUThisomemedi s adapted to
be such that a pl ane socuidingtot ihe Sinvéion pieids £ivesaemob@r HBcha-

nochemically polishcd main surfacc. It has becn found that

a surface roughness R(rms) of the polished surface smaller

than 1 nm can be achieved. Measurements have shown that

there is no damage or defect of the material structure of the

mechanochemically polished surface. The above also

applies to mechanochemical polishing of the substrate and
the base layer.

The exact effect of the above-mentioned mechanochemi-
cal polishing agent is mot known. It is assumed that, in
-\_/, solution, the grains are eaveloped by SiO, nano particles due
to electrostatic forces, which enveloped particles chemically
and mechanically attack the surface to be polished, while
chemically attacked parts of the surface to be polished are
relatively éasily removed under mechanical pressure.
Experiments have proved that optimum polishing results
are achieved at an average particle size of less than 1.0 um.
It is therefore preferred to use grains whose average particle
size is less than 1.0 micrometer, for example 100 nanometer.
It is also preferred that the concentration of the grains in the
colloidal solution is less than 1 g per liter. This solution is

preferably alkaline and is, for example a KOH or NaOH
solution.

Al;0, or zirconia is suitable as a material for the grains,
but diamond is preferred because the materials are to be
polished. A colloidal SiO, solution provided with diamond
grains having an average particle size of less than 1.0 pm is
thercfore preferred as a polishing agent.

The invention also relates to a thin-film magnetic bead
obtained by the method according to the invention and
having a head face for cooperation with a magnetic record-
ing medium, in which the flux-guiding element terminates in
the head face. In the magnetic head according to the inven-
tion the magnetoresistive element has a very plane, accu-
rately defined base, so that the magnetical stability of the
magnetoresistive element is ensured. Due to the applied
method according to the invention, corrosion-resistant and/
or wear-resistant materials may be used for layers terminat-
ing in the head face, so that a long lifetime of the head face,
heace of the complete magnetic head, is possible.

Neae
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- 12 - before the soft-nmagnetic nateri al
reached by mechanochem cal

of the portions 17a and 17b is
polishing. This ensures that the main surface

19, which is partly formed by the non-magnetic material of t REERACENENT SHEET
i nsulation | ayer 18 and partly by the soft-magnetic material of

portion 17a and 17b,

differences in hardness between the non-nagnetic nateri al

the | ayer

I s plane, snooth-ad-free from defects despite

soft-magnetic material. The inventionials® relatesstoot thindilm magnetic head

obtainable by means of the method according to the inven-
tion and having a head face in which a flux-guiding element
terminates, which magnetic head is characterized in that a
further flux-guiding element spaced apart from said flux-
guiding element is provided, a spacing between the two
flux-guiding elements being bridged by a magnctoresistive
element located opposite a mechanochemically polished
second insulation layer. The presence of two flux-guiding
elements guarantees a high efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.

In the drawings

FIGS. 1 to 16 show various steps of a first embodiment of
the method according to the invention,

FIG. 17 shows a thin-film magnetic head according to the
invention manufactured by means of the first embodiment of
the method according to the invention,

FIGS. 18 to 29 show various steps of a sccond cmbodi-
ment of the method according to the invention, and

FIG. 30 shows a thin-film magnetic head according to the

invention manufactured by means of the second embodi-
ment of the method according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A first cmbodiment of the invention will be described with
reference to FIGS. 1 to 17. This method starts from a
plate-shaped substrate 1 of ferrite, an NiZn ferrite in this
embodiment, which is provided with two parallel substrate
faces 3a and 3b by means of polishing. Polishing may be
effected by means of known polishing methods, but the
method described in Buropean Patent Application no.
92201739.7 U.S. application Ser. No. 071,908 is preferably
used. An insulation layer Sa of quartz is formed, for example
by means of PE-CVD, on one of the substrate faccs, in this
embodiment the substrate face 3a serving as a support.
Subsequently, an adhesive layer 7a of MQ, a layer 75 of Au
and an adhesive layer 7c of Mo are successively deposited
on the layer Sa by means of, for example sputter-deposition
for forming a test and/or bias winding 7. A photoresist layer
is provided by means of, for example spin coating on the

and t he

joint layers 7a, 7b, 7c. This layer is dried and subsequenFiyRE - A
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portions 17a and 17b of the soft-magnetic layer 17, which parts adjoin the

mai n surface 19,

and 178, respectively, in FIGS. 11 to 17. In this enbodi nent

formtwo flux-guiding elenents which are denoted by 17A

HEPeACEMENT SHEET

mechanochem cal polishing treatment, which is also referred to as tribo-
chenmical polishing in literature, is pegnfornmed W|th a colloi- dal

suspensi on of Si qerrI;Fge articles jn an aI kal | I ut | on r exanpl e NaCOH
to which diamond gr & a\H 3, juitable é&xl O [errImare
added. The concent r §XFesed W‘ﬁl’ noe @F’&l ithe “55@9 ion is |less

than 1 g per |iter. nnsingin watersAlersubsequent heating andifoRlingdhet i c,

el ectrical |y i nsul alayayTenof Mo i etchedwiereaier bie unexpased photodef ect | ess i n
surface 19 obt ai ned resist isremouediey mearsoofiaoetdne andthe layer ThoSAwnbodi ment
quartz is deposit edisprocsssesbyiediis-of ¢puterrettliing withrapdMepatterhayer 23a of a
magnet or esi stive nahes sk Fhepwindingetisubtdified by fibséquenyaching ,

pur pose an all oy

of the Mo layer 7c.

An insulation layer 5b of quartz is provided by means of,
for example PE-CVD on the layer 5a and the winding 7 on
this layer. The layers Sa and Sb jointly constitutc a first
insulation layer 5 of a non-magnetic material. A soft-mag-
netic layer 17 baving an upper face 17¢ remote from the first
insulation layer 5 is formed, for example, by mcans of
sputter-deposition of an FelNbSi alloy on the first insulation
layer § provided on the substrate 1 functioning as a support,
which insulation layer functions as a read gap. By heating
FeNbSi after sputtering in a magnetic field, a layer is
obtained which is both magnetically soft and mechanically
hard and wear-resistant. Instead of an FeNbSi alloy it is also
possible to use a CoZzNDb alloy, an FeSiAl alloy or an NiFe
alloy. A layer 9 of Mo is provided, for example by means of
sputter-deposition on the soft-magnetic layer 17, whereafter
Mo is removed by means of etching in the areas 11a and 11b
for structuring the layer 9. Subsequently the soft-magnetic
layer 17 is sputter-etched, with the structured layer 9 func-
tioning as a mask and with the two layer portions 17a and
175 being left. After sputter-etching, the parts of the layer 9
possibly left are removed, for example by wet-chemical
ctching. Subsequently, a second insulation layer 18 having
an upper face remote from the layer portions 17a and 175 is
formed from quartz by means of, for example PE-CVD on
the remaining portions 17a and 17b of the soft-magnetic
layer 17 and on an interpositioned, bared portion 5S¢ of the
first insulation layer S. Material is deposited until the second
insulation layer 18 has a thickness at which the smallest
distance d,, between the upper face 18z and the support face
3a is larger than the largest distance d, between the upper
face 17¢ and the support face 3a. The second insulation laycr
18 thus formed is mechanochemically polished for forming
a substantially perfectly plane and smooth main surface 19
which is free from defects.

Since the surface 18a of the second insulation layer 18is
uneven, the mechanochemical polishing treatment is ini-~
tially performed on a small polxshmg surface. Afler some
polishing, the polishing surface increases. The layer thick-
ness of the second insulation layer 18 is chosen to be such,
and the mechanochemical polishing process is adapted to be
such thal a plane and smooth surface p is already formed

for which
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of NiFe is sputtered in this enbodinent.
structured by neans of a photoresist mask and etching to forman MR e
23. A layer 25a of an electrically conducting materi al,
provi ded on the MR el ement 23, which layer is structured by neans of a
phot oresi st mask and etching to form.eguLpotenti al
bar berpole structure and to formelectrically conducting strips 25b for

gretic tmateriabofithe pogiodsl7eandnot shown).
Subsequent |y an i nsul 47bdsreachedbybechanoéhinical polisiting.Ehis ensusespr ovi ded by

for exanpl e thift-thy naifisorface 49, Which ie paitlyofosmed by the t he

conducting strips 25b pahSnfinet @&Mdbf&c's@édﬂd%émdmﬁrmmrder to

el ectrically connecti ibgfore ¢chdVBofe

neans of),

provi de el ectri cal co

for exanple BaTi err]

adhesi ve.

—

The | ayer 2

The | ayer 23a is subsequently

for epaRphGE
strips 25 of a

ggaquqarbl ock 31 of,
‘aﬁspx{eor exanpl e an
Bl % uaﬁémer

and the soft-magnctic matcrial. The remmnmg pans ot‘ the
portions 17a and 175 of the soft-magnetic layer 17, which
parts adjoin the main surface 19, form two flux-guiding
elements which are denoted by 17A and 17B, respectively,
in FIGS. 11 to 17. In this embodiment the mechanochemical
polishing treatment, which is also referred to as tribo-
chemical polishing in literature, is performed with a colloi-
dal suspension of SiO, particles in an alkali solution, for
example NaOH to which diamond grains having an average
size of less than 1.0 um are added. The concentration of the
diamond grains in said solution is less than 1 g per liter..

A thin spacer layer 21 of a non-magnetic, electrically
insulating material is provided on the plane, defectless main
surface 19 obtained in the manner described abaove. In this
embodiment quartz is deposited by means of PE-CVD for
this purpose. A layer 234 of a magnetoresistive material is
provided on the spacer tayer 21, for which purpose an alloy
of NiFe is sputtered in this embodiment. The layer 23a is
subsequently structured by means of a photoresist mask and
etching to form an MR element 23. A layer 25a of an
electrically conducting material, for cxample Au is provided
on the MR element 23, which layer is structured by means
of a photoresist mask and etching to form equipotential
strips 25 of a barberpole structure and to form electrically
conducting strips 25b for electrically connecting the MR
element to a measuring device (not shown). Subsequently an
insulation layer 27 of, for example quartz is provided by
means of, for example PE-CVD. Apertures 29 extending as
far as the conducting strips 255 are etched in this insulation
layer in order to provide electrical connections, whereafter
a protective counterblock 31 of, for example BaTiO, or
CaTiO, is secured by means of, for example an adhesive.
The layer 27 may be planed to a desired thickness in
advance, for example by mechanical polishing or lapping.
The unit now obtained is provided with a head face 33 for

" cooperation with a magnetic recording medium, particularly

a magnctic tape by means of: operations such as grinding
and/or lapping.

PR
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advance, for exanple by mechani cal
gbtained is provided with a head face 33 for cooperation vm'thF?E
recordi ng medium particularly a nagnetic tape by nmeans of operations suc

as grinding and/ or | apping. - 13 -

soft-magnetic materi al
of the soft-magnetic |
a soft-nmagnetic nate-

N

polishing or |apping. The unit now

PRIENS ST

If the

of the flux-gui.ding el enments 17A and 17B, and hence
ayer 17 which_ was arigqgipally prese&ginei s repl aced by

the soft-magnetic mateqal of the flux-guiding nts
17A and 17B, and hence of the soft-magnetic layer 17 which
was originally present, is replaced by a soft-magnetic mate-
rial which does not conduct electrically or has a poor
electrical conductance, particularly an MnZa ferrite, an
NiZn ferrite or Fe,0, ferrite, the MR element 23 may be
directly provided on the main surface 19. Consequently, the
insulation layer 21 may be dispensed with and the MR
element 23 may be in direct magnetical contact with the
flux-guiding elements 17A and 17B.

Within the scope of the invention it is possible to use the
formed polished sucface p shown in FIG. 9 as a main
surface. In that case it is not necessary to provide a spacer
layer 21 as is shown in FIG. 11. The desired insulation is
ensured by the non-magnetic, electrically insulating matcrial
present between the soft-magnetic portions 17a and 17b
used as flux guides and the polished surface p. The prede-
termined distance d of the polished surface p up to the upper
face 17¢ can be achieved with great accuracy. The mecha-
nochemical polishing treatment can be carried out with a
colloidal suspension of SiO, particles in an alkali solution,
for example, a standard solution commercially available
under the trade name Syton.

Alternatively, zirconia may be used instead of quartz,
while the insulation layers are preferably formed by means
of sputtering. _

A second embodiment of the method according to the
invention will be described with reference to FIGS. 18 to 29.
This method starts from a plate-shaped base element 101,
preferably of ferrite which is polished on both sidcs for
forming two parallel base faces 102a and 102b. An insula-
tion layer 104z of quartz is provided by means of, for
example PE-CVD on one of the base faces, in this embodi-
ment the face 102b. An electrically conducting layer 106a
of, for example mainly Au is provided on the layer 104a.
This layer 106a is structured by means of known techaiques
0 form an inductive transducing element or winding 106.
Subsequently quartz is deposited for forming an insulation
layer 1045 and an aperture 108 is etched in the two insula-
tion , laycrs 104 and 104b. Subsequently a relatively thick
insulation laycr 104¢ of quart is provided. The layers 1044,
1045 and 104c jointy constimite a base layer 104 of a
nonmagnetic material. A layer 110 of a mask material, for
example Mo is provided on the base layer 104 provided on
the base element 101 , with which mask material layer an
aperture 112 is formed in the base layer 104. To this end, a
photoresist is first deposited and structured on the layer 110,
whereafter apertures 112 are formed in the layer 110 by
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rial which does not conduct electrically or has a poor electrical
conductance, particularly an MiZn ferrite, an NiZn ferrite or Fe[err](Jerr]
ferrite, the MR el enent 23 nmay be directl rovi ded on the ' YL
Consequently, the insulation %layer 21 rrayybg di spensed vvithngﬁg"mm%ge“ !
el ement 23 may be in direct magnetical coptact with the fl ux-guiding
el emrents 17A and 17B. W¢thin the _scqpe of t I nvention it is possible to
use the formed poli s%“ﬁ%i?%%‘gmﬁsfwg%by%ﬁ“éﬁﬁ%W%urfgce. I n
that case it is not mYeEd04 s spuges;etshediwith the smugtuedayer 110 as i s shown in
FIG 11. The desi r ed 3imask for iforming thenapermee M2.tAfRCTsputteregiching c |
el ectrically insul at itheyremaining party 0 shentayee 1l are remwved by-watgneti ¢ porti ons
17a and 17b used as ichemicglétching.ohtayehl4andfi & saftiomgnéticcmaterialThe pr ede-
term ned distance d dér ¢exampbokiCdZzNbsallof d¢ pravidead ¢rotheHisase gyer face 17c can
be achi eved with gr ed04ahusistasyured,"while ittaperture 102 is completely

filled up. The layer 1144 is used for forming a flux-guiding

clement 114. The base layer 104 provided with the filled

aperture 102 is subscquently mechanochemically polished

by means of a polishing agent comprising an alkaline

colloidal SiO, solution to which diamond particles are added

for creating a plane support face 116 which is free from

scratches. A first insulation layer 105 of a non-magnetic

material is formed on the base face 116 thus obtained.

Flux-guiding clements 117A and 117B are provided in the
main layer 105 in a manner analogous to that described with
reference to the first embodiment of the method according to
the invention. In this method a main surface 119 is also
formed by means of mechanochemical polishing, whereafter
an MR element 123 is provided.

A thin-flm magnetic head manufactured by means of the
second embodiment of the method according to the inven-
tion is shown in FIG. 30. The magnetic head has a head facc
118 and comprises a base element 101 on which a noo-
magnetic base layer 104 is provided. The base layer 104
accommodates a winding 106 serving as an inductive trans-
ducing element and a flux guide 114 of a soft-magnetic
material terminating in the head face 118. A non-magnetic
main layer 105 consisting of a first and a second insulation
layer and accommodating a front flux guide 117A terminat-
ing in the head face 118 and a rear flux guide 117B is
provided on a mechanochemically polished support face

— 116. Both flux guides or flux-guiding elements are formed
from a soft-magnetic material. If desircd, a bias winding 107
may extend in the layer 105. The layer 105 has a mecha-
mml:;mgly polishe:} main surface 119 on which-—with a

electrically insulating spacer layer being interposi-
tioned—an MR clement 123 is provided directly ot:qi:di-
rectly. A protective layer, against which a counterblock 131
18 secured, extends on the MR element.

It is to be noted that the invention is of course not limited
to the embodiments shown. For example, within the scope of
the invention it is possible to form the flux-guiding layer 114
by structuring a soft-magnetic layer by means of an etching
process.
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nochem cal polishing treatnent can be carried out with a coll oi dal
suspension of Si(Jerr] particles in an alkali solution. feipexermERT SHEET
standard sol ution commercially avail abl e under the trade nane Syton.

rconia may be used instead of quartz, while the insulation
ably formed by means @f .sputtering. A second enbodi nent
ording to the invention will be described wth reference

Al ternatively, zi
| ayers are prefer
of the method acc

to FIGS. 18 to 29.

preferably of fer
paral |l el base fac
provi ded by neans
enbodi - nent the
exanple mainly Au

ort. depositing 3 Soft-magnetic.
material to form a soft-magnctic laycr on the first insulating

layer, the soft magnetic layer havin: upper face remote

from the first insulation layer, thereafter removing a portion

of the soft magnetic layer to form the at least one flux-

guiding element and to expose a portion of the first insu-

laung_l_ayer. and depositing non-magnetic material on the

remaining portion of the soft-magnetic layer and on the

exposed portion of the first insulation layer for forming a.
second insulation layer having an upper face remote from

the soft-magnetic layer, said second insulation layer having

a thickness, viewed in a direction transverse to the support

face, such that the smallest distance between the support

face and the upper face of the second insulation layer is

_larger than the largest distance between the support face and

the upper face of the soft-magnetic layer, thereafter mecha--
nochemically polishing the upper face of the second insu-

lation layer to form a main surface, and providing a layer of

a magnetoresistive material on the main surface to form the

magnetoresistive element.

2. A method as claimed in claim 1, mechanochcmical
polishing is performed down to the soft-magnetic layer.

3. Amethodasclanmedmclaxmlﬁmhetcompmmg
forming a spacer layer of a non-magnetic, electrically insu-

lanngnmn:nalonthemmnmrfaceobtmnedbymecha

nochemical polishing prior to providing the layer of mag-

netoresistive material,

4. A Amctlmdascla:medmclmml wherein mecha-

nochemical polishing of the second insulation layer to form
the main surface is performed up to a predetermined dis-
tance to the upper face of the soft-magnetic layer, priorto_

providing the layer of magnetoresistive material.

5. A method as claimed in claim 1, wherein the support
comprises a plate-shaped substrate having two parallel sub-

strate faces provided by mechanically and/or mecha-
nochemically polishing, one of said polished faces having

the support face.

6. A method as claimed in claim S, wherein the substrate
is formed from a soft-magnetic material.
7. A method as claimed in claim 1, wherein the support is

formed by providing an inductive transducing elemeat, a

base layer of 2 non-magnetic material and a flux-guiding

A

thod starts froma plate- shaped base el ement 101,

%?ﬁ%ﬁa‘*é% A g for g o

pbase faces, in this

106a of, for
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This |l ayer 106a is structured by neans of known techniques to rm
I nduct i ze t ransduci ng el enent o%/ wi ndi ng 106. Subsequegt |y quar fLP‘@EMENT SHEET
deposited for formng an insulation |ayer 104b and an aperture 108 is
etched in the two insula- tion , |layers 104a and 104b. Subsequently a
relatively thick insulation |ayer 104cygf. quartz is provided. The |ayers
104a, 104b and 104c jointly constitute a base |layer 104 of a nonnmagnetic
material. A layer 11(ayef on arhwie relgmsntawhefeafter mechanochemicallyr ovi ded on t he
base | ayer 104 provi gelishing thechixagrdingdayortto Torin thersupporttfacth mask materi al
layer an aperture 112 §sAfmethod as ieldiined lin ctaiina¥ cfurthiéd comprisings end, a
photoresist is first pﬁgﬁaﬁ Wbﬂﬂ@ﬁéﬂl%ﬂfﬁ% Satallél chasé fies 5}}0 wher eaf t er
apertures 112 are fo h . fi¢chandtheically polishing, prior to
providing the base layer on one of said faces.
9. A method as claimed in claim 7, wherein the base
clement is formed from a soft-magnetic material.
10. A mcthod as claimed in claim 1, wherein the non-
magnetic material is quartz,
11. A method as claimed in claim 1, wherein the non-
magnetic material is zirconia._
12. A method as claimed in claim 2, wherein the layer
_portion of the soft-magnetic layer is removed by etching.
13. A method as claimed in claim 1, wherein the soll-
- _magnetic material is an alloy seiected from the group of
alloys consisting of CoZrNb alloys, FeNbSi alloys, FeSiAl
_alloys and NiFe alloys.
14. A method as claimed in claim 1, wherein the soft-
magnetic material is ferrite.
15. A method as claimced in claim 1, wherein the magne-
toresistive material is a NiFe alloy.
16. A method as claimed in claim 7, wherein the base
layer is formed from quartz.
17. A method as claimed in claim 7, wherein the base
layer is formed from zirconia.
18. A method as claimed in claim 7, wherein a recess in
. the base layer is provided by etching, and wherein the
flux-guiding layer i3 formed by filling the recess with a
soft-magnetic material.
19. A method as claimed in claim 1, wherein mecha-
- nochemical polishing is performed with a colloidal suspen-
sion of SiO, particles in an alkali solution.
20. A method as claimed in claim 1, wherein mecha-
nochemical polishing isperfomedwithamechanochemiml
polishing agent comprising a colloidal Si0, solution in
which grains are present.
21. A method as claimed in claim 20, wherein the Si0,
solution is an alkaline solution.
22. A method as claimed in claim 20, wherein the grains
have an average particle size of less than 1.0 micrometer and
a hardness which is better than the hardness of SiO,.
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- 14 - means of etching for formng a mask. Subsequently, the base |ayer
104 is sputter-etched with the structured layer 110 as a nasREPOACEMIENT SIGEET
the aperture 102. After sputter-etching the remaining parts of the |ayer
110 are renoved by wet- chem cal etching. A |layer 114a of a soft-magnetic
material, for exanple a CoZrNb alloy hg¢ provided on the base [ayer 104 thus
structured, while the aperture 102 is conpletely filled up. The layer 11l4a
is used for formng a flux-guiding el enent 114. The base | ayer 104 provi ded
with the filled aper 23rA midikod as cluimesdjincgiaiy 2@ewiereinchegraing | y pol i shed by
means of a polishi rage diagigndconpri si ng an al kal'i ne
24. A method as claimed in claim 20, wherein the grain
concentration in the colloidal solution is less than 1 g per
liter,

T
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col*l oidal Sigerr] solution to which dianond particles are added for _
creating a plane support face 116 which is free from scrat ches. REFANGEMENT SHEFT
‘insulation |ayer 105 of a non-magnetic material is fornmed on the base face
116 t hus obt ai ned. Fl ux-gui ding elements 117A and 117B are provided in
the main layer 105 in a manner anal ogé)us to that described with reference
to the first enbodi nent of the nethod”daccording to the invention. In this
met hod a main surface 119 is also forned by neans of nechanochem cal
polishing, whereafter an METHODOF VMSNUFACTURING A A thin-film
magneti ¢ head manufactur By T: GRNETY enbodi nent of the nethod
according to the inven—tTom TS SOWT T1T F —The magnetic head has a
head facc 118 and conprises a base el enent 101 on which a non- magnetic
base | ayer 104 is provided. The base | ayer 104 acconmpdates a w ndi ng 106
serving as an inductive trans- ABSTRACT

Method of manufacturing a magnetoresistive magnetic head
in which a first insulation layer (5) of a non-magnetic
material is formed on a support face (3a), on which insula-
tion layer a soft-magnetic layer having an upper face remote
from the first insulation layer is formed by deposition of a
soft-magnetic material. Subsequenty a layer portion is
removed for forming the flux-guiding elements (17a, 17b)
and an aperture extending between said elements, and non-
magnetic material for forming a second insulation layer (18)
having an upper face remote from the soft-magnetic layer is
deposited on the soft-magnetic layer and in the aperture
formed therein, which second insulation layer has such a
thickness that, viewed in a direction transverse to the support
face, the smallest distance between the support face and the
upper face of the second insulation Iayer is larger than the
Iargest distance between the support face and the upper face
of the soft-magnetic layer. Subsequently, a mechanochemi-
cal polishing treatment is performed as from the upper face
of the second insulation layer for forming a main surface
(19) at which magnetoresistive material is subsequently
deposited for forming a magnetoresistive element (23).

Figure 17




ducing elenment and a flux guide 114 of a soft-magnetic material term nating
in the head face 118. A non-magnetic main | ayer 105 consisting of a first
and a second insulation |layer and acconmodating a front flu [ :
termnat- ing in the head face 118 and a rear flux guide 11§E%ﬁ£%§W&$ﬁ§%EFT
on a nechanochem cally polished support face 116. Both flux gui des or
flux-guiding el enents are forned froq1a soft-magnetic material. |If desired,
a bias winding 107 may extend in the®l ayer 105. The | ayer 105 has a necha-
nochemi cal 'y polished nmain surface 119 on which-with a thin electrically
I nsul ati ng spacer |ayer being interposi- tioned-an MR el enent 123 is
provided directly olend11 LTy A-pfotecl5 e layer, against which a

S

counterbl ock 131 i s}§ecured:: eXtends On-thie ’NR el enent . It is to be noted
that the invention G#=Ganse=ﬂat=#¥nFFEd_. qhe!EF@qunents shown. For
exanpl e, within the scope of ' .

(7///////////// e

30
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FIG.4
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the invention it is possible to formthe flux-guiding | ayer 114 by
»Sstructuring-a soft-magnetic |ayer by neans of an etching proc

- 15 - W claim 1. A nethod of manufacturing a thin-fil ﬁémﬁm SHEET
head conprising a magnetoresistive el enent and at | east one

-2 -

FIG.7
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flux-guiding el ement on a support, the nethod characterized by formng a
first insulation |ayer of a non-magnetic mate- rial on a face of the
support, depositing a soft-nmagnetic nmaterial to forma soft-nqﬂﬁﬁ%' ¥¢ﬁ¥§® ET
on the first insulating layer, the soft magnetic |ayer having a EE g
renmote fromthe first insulation |ayer, thereafter renoving a portion of
the soft magnetic layer to formthe-aB 4 east one flux- guiding elenent and
to expose a portion of the first insu- lating |layer, and depositing

non- magneti c material on the remaining portion of the soft-nmagnetic |ayer
and on the exposed portion of the first insulation |layer for formng a
second insul ation |ayer having an upper face renote fromthe soft-nmagnetic

| ayer, said second insulation |ayer having a thickness, viewed in a
direction transverse to the suppbrt ¥ace, suych that the smallest distance
bet ween the support face and_th¢ uppkr face \of the second insulation |ayer
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| arger than the |argest distance between the support face and the upper
‘face of the soft-nmagnetic |ayer, thereafter necha- nochem cally polishing

t he upper face of the second insu- lation layer to forma ' f ..and
providing a | ayer of a nagnetoresistive material on the narﬁmgb$¢g@@ﬁf§HEET
formthe nmagnetoresistive el ement. 2. Anethod as clainmed in claim1,
ncchanochem cal polishing is perfornmed qown to the soft-magetic |ayer

3. Anethod as clained in claim?2, furthetr conprising form ng a spacer

| ayer of a non-magnetic, electrically insu- lating nmaterial on the main
surface obtai ned by necha- nochem cal polishing prior to providing the

| ayer of nmg- netoresistive material. 49 A nmethod as claimed in claiml,
wherei n mecha- nochem cal polishing of theysecond insulation |ayer to form

t he main surfarl:-;a ' w ned dis-
3§ :

a
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tance to the upper face of the soft-magnetic |layer, prior to providing the

sl ayer of magnetoresistive material. 5. A nethod as cl ai ned | | 2l ' QHEET
wherein the support conprises a pl ate-shaped substrate having éé&ﬁh@ﬂ%ﬁ“ﬁgHE

sub- strate faces provided by nechanically and/or necha- nochemcally

pol i shing, one of said polished faces having the support face. 6. A
met hod as clained in claimb5, whereingthe substrate is formed froma
soft-magnetic materi al . 7. A nethod as clainmed in claim1l1, wherein the

support is formed by providing an inductive transducing elenment, a base
| ayer of a non-nmagnetic naterialzgnd a quxéguiding

-
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-16- layer on a base el enent, whereafter nechanochem cally polishing the
flux-guiding layer to form the support face. 8. A nethod afREPLACEMENT BHEET
claim7, further conprising providing the base elenment with two parall el

base faces by nechanically and/ or nechanochemi cally polishing, prior to

provi ding the base | ayer on one of said faces. 9. Anethod as clained in
claim?7, wherein the base elenent is fgornmed froma soft-nagnetic nmaterial.

10. A nmethod as clained in claiml1l, wherein the non- magnetic material is
quart z. 11. A nmethod as clainmed in claim1, wherein the non- magnetic
material is zirconia.
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12 A method as claimed in claim2, wherein the layer portion qﬂ‘EPLhBEMENT SHEET
*soft-magnetic |ayer is renoved by etching. 13. A nethod as clained in
claim1, wherein the soft- nagnetic nmaterial is an alloy selected fromthe’
group of .alloys consisting of CoZrNb alloys, FeNoSi alloys, FcSi Al alloys

and Ni Fe all oys. 14. A nmethod as clainmed in claim1, wherein the soft-

magnetic material is ferrite. 15. nethod as clainmed in claiml, wherein
the magne- toresistive material is a NiFe all oy. 16. A nmethod as cl ai ned
in claim7, wherein the base layer is fornmed fromquartz. 17. A nmethod as
clainmed in clai pr#= ' er is formed from zirconi a. 18. A

met hod as cl ai med>-in-clalm- 7, whe

provi ded by et tna&_.ega:th&:j_m1 FIG 18
(]

FIG.19

FI6.20
——104b
- E—
_ “ FIG.21

106

REPLACEMENT SHEET

08 JUN 1999




fltjx-guidinglayer Is formed by filling the recess wwth a soft- i B\ HEET
*19. A nmethod as clainmed in claim1, wherein necha- nochem cal pgﬁt@ﬁbﬁ EM SHEE
performed with a colloidal supen- sion of SiJerr] particles in an al kali

sol uti on. 20. A nmethod as clained in claim1, wherein mecha- nochem cal

polishing is performed with a nmechanochem cal polishing agent conprising a
colloidal SiJerr] solution in which ggains are present. 21. A nmethod as
claimed in claim?20, wherein the Si q"e$r] solution is an al kaline sol ution.

22. A nmethod as clained in claim 20, wherein the grains have an average
particle size of less than 1.0 mcroneter and a hardness which is better

than the hardness of Si 0O
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-_i? - 23. A nethod as clained in claim20, wherein the grains are
~di anond. 24. A nmethod as clainmed in claim20, wherein the grpgma -
concentration in the colloidal solutionis less than 1 g per liter .CEMENT SH,EET
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