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Method of manufacturing a magnetic head unit, method of manufacturing a magnetic

head, magnetic head unit and magnetic head for use in the magnetic head unit.

The invention relates to a method of manufacturing a magnetic head unit
from a magnetic head and a support, the magnetic head comprising an electrically
conducting substrate and a multilayer structure arranged against the substrate and having
a transducing element, and engaging the support.

The invention also relates to a method of manufacturing a magnetic head
suitable for use in the method of manufacturing a magnetic head unit.

Such methods are known from EP 0 528 459 (PHN 13.795; herewith
incorporated by reference). In accordance with the known methods, a magnetic head is
manufactured from an electrically conducting and magnetically conducting or non-
conducting substrate and a thin-film structure which is composed of magnetic layers,
electric layers and insulation layers, and a magnetic head unit is obtained by fixing the
manufactured magnetic head in a central aperture of a support in the form of a housing.
The magnetic head comprises transducing elements and has a head face in which
transducing gaps terminate. To protect the thin-film structure, a protection block is

. provided. The housing of the magnetic head unit is provided with tape guides at both

sides of the magnetic head for the purpose of accurately guiding a magnetic tape along
the magnetic head.

To inhibit dafnage due to electrostatic discharges during use of a magnetic
head unit, it is important that the magnetic head as well as the support for the magnetic
head are grounded. An electrically conducting substrate of the magnetic head can be
connected to ground by providing a ground conductor in the magnetic head and by
establishing an electrical connection between the substrate and the ground conductor.
This can be realised, for example via an electrically conducting layer on the head face
of the magnetic head, with which the protective block is also grounded As long as the
support is entirely made of a metal, it can be connected to ground dunng assembly ina
magnetic tape apparatus by fixing it to a2 metal part of the housmg However the |
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current progressive technical developments provide the possibility of replacing metal
construction parts entirely or partly to an ever-increasing extent by other, non-
electrically conducting components such a polycarbonate reinforced with glass fibre.
This means that the grounding of the support of the magnetic head unit is no longer
automatically ensured after the unit has been mounted in a magnetic tape apparatus.

It is an object of the invention to provide a method by which a magnetic
head unit is obtained which is provided with means ensuring a safe depletion of electric
charge.

According to the invention, the method of manufacturing the magnetic
head unit is characterized in that an electrically insulating layer present on a substrate
side facing the exterior is removed for forming a surface, whereafter an electrically
conducting material for forming an electrically conducting contact layer is deposited on
the surface formed, whereafter the magnetic head is secured to the support, while the
electrically conducting contact layer is contacted with the support. In this way a reliable
Iow-ohmic connection between the support and the electrically conducting substrate is
obtained. The insulating layer obtained, for example by surface treatments or ambient
influences can be removed by means of known techniques such as sputter-etching, laser
ablation or engraving, whereafter the electrically conducting contact layer can be
formed on the conducting surface thus obtained. The electrically conducting contact
layer can be formed by means of known deposition techniques by depositing electrically
conducting material, for example Au, Cr or CrN.

An embodiment of the method according to the invention is characterized
in that a substrate of electrically conducting aluminium oxide-titanium carbide (A}, O;-
TiC) is used as a substrate, in which the electrically insulating layer comprises titanium
oxide formed by oxidation, which layer is removed before the electrically conducting
contact layer is formed. It has been found that titanium carbide decomposes due to
mechanical processing operations on said ceramic substrate, with an electrically
insulating layer of titanium oxide being formed in an oxygen-containing ambience. By
removing this oxide layer and by subsequently providing electrically conducting
material, a reliable grounding of the support is obtained when the magnetic.head is

mounted on the support. -
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in that a silicon substrate is used as a substrate, in which the electrically insulating layer
comprises silicon oxide formed by 6xidation, which layer is removed before the
electrically conducting contact layer is formed. It has been found that silicon oxide is
formed on the surface of said semiconductor substrate by ambient inﬂuénces.

An embodiment of the method according to the invention is characterized
in that a substrate of an electrically conducting ferrite is used as a substrate, in which
the electrically insulating layer is a surface layer formed by mechanical treatment,
which layer is removed before the electrically conducting contact layer is formed. A
suitable ferrite is, for example monocrystalline or polycrystalline MnZa ferrite. As a
result of mechanical operations such as sawing, grinding or polishing, metal ions are
removed from a zone contiguous to the processed surface so that an electrically
insulating or at least an electrically poorly conducting surface layer is obtained. |

The electrically insulating layer is preferably removed from the substrate
by bombarding a surface to be treated of the substrate placed in a vacuum or low-
pressure space with jons. Subsequently, and preferably in a similar space, particularly
the same space, electrically conducting material is sputtered on the surface treated for
forming the electrically conducting contact layer. It has been found that Cr is
particularly suitable for fofming the contact layer, due to its favourable properties of
inertia, electrical conductivity, sputtering capacity and adhesive strength.

An embodiment of the method according to the invention is characterized
in that an electrically conducting adhesive is provided between the electrically
conducting:contact layer on the substrate and the support. A suitable adhesive is, for
example an epoxy resin having electrically conducting particles such as, for example Ag
particles.

It is also an object of the invention to provide a method of manufacturing
a magnetic head which is suitable for use in the previously mentioned method according
to the invention.

According to the invention, the method of manufacturing a magnetic head,
starting from an electrically conducting substrate on which a multilayer structure,
parncularly a thin-film structure is formed, is characterized in that electrically
conducting material for forming a ground conductor is deposited during formation of the
multilayer structure, the ground conductor being electrically connected to the suBStrate.
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An embodiment of the method according to the invention is characterized
in that prior to depositing electrically conducting material for forming the ground |
conductor, a lead-through aperture extending as far as the substrate is provided in an
insulation layer which is already present on the substrate, and the substrate is provided
with an electrically conducting surface at the area of the lead-through aperture,

- whereafter electrically conducting material for forming the ground conductor and a

connection between the ground conductor and the substrate is deposited on the insulation
layer and, through the lead-through aperture, on the electrically conducting surface of
the substrate. In this way a reliable electrical connection between the substrate and the
ground conductor is ensured in the magnetic head obtained by means of the method
according to the invention. |

The invention also relates to a magnetic head unit which is obtainable by
means of the relevant method according to the invention.

The magnetic head unit according to the invention comprises a magnetic
head having an electrically conducting substrate and a multilayer structure engaging the
substrate and comprising at least a t:ransducing element, and a support for the magnetic
head, and is characterized in that the substrate is electrically connected to a ground
conductor of the magnetic head, a substrate surface facing the support being provided
with a contact layer of an electrically conducting material, which layer engages the
support.

An embodiment of the magnetic head unit according to the invention is
characterized in that the support is electrically conducting and is secured on an
elechimllyhsulaﬁng base associated with the magnetic head unit. The base is
preferably made of a synthetic material, for example a polycarbonate filled with glass
fibore. |

| An embodiment of the magnetic head unit according to the invention is
characterized in that an electrically conducting adhesive is present at least locally _
between the contact layer of an electrically conducting material and the support. A
suitable adhesive is, for example an adhesive based on an epoxy resin or polyimide and
filled with suitable metal particles such as Ag or Ni particles. |

The invention further relates to a magnetic head which is obtainable by

means of the relevant method according to the invention and is suitable for use in the

magnetic head unit according to the invention.
. ‘This Sheet Has Been Rep,

WA llll

t e mrtaereigy )




b

10

15

20

25

30

IR E Y.

IR R EE Y

PHN 14.723 | 5 | " "18.05119%4

The magnetic head according to the invention has a head' face and
comprises an electrically conducting substrate and a multilayer structure present on the
substrate provided with a transducing element and a transducing gap terminating in the
head face, and is characterized in that a ground conductor in the multilayer structure is
in direct contact with the substrate via a lead-through aperture and is provided with an
abutting face. | '

‘An embodiment of the magnetic head according to the ihvention is
characterized in that an electrically conducting ceramic substrate is used as a substrate,
preferably electrically conducting -aluminium oxide-titanium carbide (AL O;-TiC).

An embodiment of the magnetic head according to the invention is
characterized in that a semiconductor substréte is used as a substrate, preferably silicon.

An embodiment of the magnetic head according to the invention is
characterized in that an electrically conducting ferrite substrate is used as a substrate,
preferably an MnZn ferrite.

. These and other aspects of the inventién will be apparent from and
elucidated with reference to the embodiments described hereinafter.
In the drawings
Fig. 1 is a perspective elevational view of an embodiment of the magnetic
head unit according to the.invention,
- Fig. 2 is a perspective elevational view of an embodiment of the magnetic
head according to the invention, and
Fig. 3 is a cross-section of the magnetic head of Fig. 2 before it is
provided with a contact layer.

The embodiment of the magnetic head unit according to the invention
shown in Fig. 1 comprises a magnetic head 1 and a support 3. An embodiment of the
magnetic head 1, which is shown in greater detail in Figs. 2 and 3, comprises an
electrically conducting block 5, a multilayer structure 7 provided on the block 5,
particularly a thin-film magnetic head structure, and a counterblock 9 for protecting the
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multilayer structure 7. In this embodiment, the electrically conducting block 5, further
referred to as substrate 5, and the counterblock 9 are manufactured of an electrically
conducting, but magnetically non-conducting material, particularly the ceramic
composite material Al,O5-TiC. The counterblock 9 is grounded, for example vig an
electrical connection with a substrate 3.

The thin-film magnetic head shown in the Figures can be manufactured by
providing the substrate 5 with a structured, electrically insulating layer 11 and by
subsequently providing a first magnetic flux guide 13, an inductive transducing element
15, a second magnetic flux guide 17, a test and/or bias winding 19, a third, interrupted
magnetic flux guide 21a, 2lband a magnetoresistive element 23. The electrically
insulating layer 11, and other necessary electrically insulating, non-magnetic layers such
as 11a to 11g, can be formed, for example by means of PE-CVD (Plasma-Enhanced
Chermcal Vapour Deposition) of SiO,.

After structuring, for example by means of etchmg the electrically
insulating layer 11, the substrate 5 is prov1ded with an electrically conducting surface 5a
by means of sputter-etching and subsequently the first flux guide 13 and an electrically
conducting first layer portion 14a are formed by deposition, for example sputtering
deposition of a soft-magnetic, electrically conducting material such as an FeNbSi alloy,
a CoZzNb alloy, an FeSiAl alloy or an NiFe alloy. The inductive transducing element
15, which may be used as a write winding, and the winding 19 may each be formed,
for example by successiveI): sputtering Au and by structuring the gold layer obtained by
means of known techniques, for example etching. The second flux guide 17 and the
third flux g:uide 21a, 21b can be formed similarly as the first flux guide 13. After the
insulating layer 1le has been provided, a layer of a magnetoresistive material is
provided for which purpose an alloy of NiFe is sputtered in this embodiment.
Subsequently, the layer formed is structured, for example by means of a photoresist
mask and etching so as to form the magnetoresistive transducing element (MR element)
23. In this embodiment, equipotential strips 25 for forming a barberpole structure are
subsequently provided on the MR element 23. The transducing elements 15 and 23, and
the winding 19 are connected to external cbntact faces 24 via conductor strips (not
shown).

The method described above has the further particular characteristic
features that (1) simultaneously with the formation of the second flux guide 17-an
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electrically conducting second layer portion 14b is formed on the first layer' portion 14a,
(2) simultaneously with the formation of the winding 19 an electrically condﬁcﬁn_g third
layer portion l4c is formed on at least the second layer portion 14b, (3) simulﬁh_jéously~"_
with the formation of the third flux guide 21a, 21b an electrically conducting fo__u_:ith .
layer portion 14d is formed on the third layer portion 14, and (4) simultaneously with
the formation of the equipotential strips 25 an electrically conducting fifth layer portion
14e is formed on the fourth layer portion 14d. The layer portion 1l4c also :xte_ncis across'h
the electrically insulating layer 11c and constitutes a ground conductor 16 wtuch at one
end is in direct electrical contact with the substrate 5 via the layer portioﬁs ,14é'gand 14b
and at the other end constitutes an external abutting face 18 via the layer portxons 14d
and 14e. Lead-through apertures 20 are provided in the electrically msulatmg layers 11,
11a and 11c for the layer portions 14a to 14c, for example by means of etchmg, when
the method according to the invention is being carried out. ‘

After the formation of the muitilayer structure 7 described above, the
counterblock 9 is glued oato the insulating layer 11g, whereafter the assembly obtained
can be provided with a head face 27 by means of grinding and/or polishing. If desired,

a wear-resistant, possibly electrically conducting layer, for example a chromlum 1"nig_ricl_e.'_
layer, can be provided on the head face. | '

The magnetic head 1 shown in Figs. 2 and 3 is suitable, inzer alia for use
in a DCC apparatus. In this embodiment the magnetic head has nine gaps 29 for, digital
writing of information on a magnetic tape, nine gaps 31 for digital reading of
mformauon and two gaps 33 for analog reading. ‘il

" Before magnetic head 1 is built into the support 3 (see also F1g 1) an
outer side 35 of the AL, O,-TiC substrate § is treated. In fact, it has been found that after -
the manufacture of the magnetic head 1 the electrically conducting substrate 5 Qas an
electrically non-conducting outer surface due to the presence of an electrically 'iz‘_iéulating
layer 37. In the present embodiment this layer 35 is found to be caused by TiO, which
is produced on the outer surface of the substrate 5 by processing operahons and/or
ambient influences. ' -

It has been found that the electrically insulating layer 37 can be removed
in an efficient manner by spufter—etching of the magnetic head placed in a low-pressure
space of a sputtering device. The sputter-etching operation may. be performed for

example in an argon ambience at a pressure of, for example 1 Pa.
Tius 5
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After the electrically insulating layer 37 on the outer side 35 has been
removed completely, an electrically conducting material for forming an electrically
conducting contact layer 39 is deposited on the electrically conducting surface obtained.
To this end, the same low-pressure space is preferably used, in which by means of
sputtering, for example RF diode sputtering at 1 Pa in, for example an argon ambience,
Cr is deposited on the outer side 35 from which the electrically layer 37 has been
removed.

For manufacturing the magnetic head unit according to the invention, the
magnetic head 1 provided witﬁ the contact layer 39 is placed in a central aperture 41 in
the support 3, which is made of metal in this embodiment, and is subsequently
positioned with respect thereto. To this end the outer side 35 of the magnetic head is
urged against two positioning projections 43a and 43b of the support 3, while also the
electﬁcal.ly conducting contact layer 39 is brought into electrical contact with the
support 3. Subsequently, the magnetic head 1 is secured to the support 3 by means of
an adhesive 45, preferably an electrically conducting adhesive such as an epoxy resin
filled with silver.

The magnetic head unit according to the invention also has an electrically
non-conducting base 47, for example of polycarbonate filled with glass fibre on which
the support 3 is secured. The base 47 has fixation apertures 49 for fixing the magnetic
head unit in a magnetic tape apparatus. The support 3 has tape guiding elements 51 for
guiding a magnetic tape along the magnetic head.

It is to be neted that the invention is not limited to the embodiments
shown. Poi:. example, instead of the block 3, the counterblock 9 may be considered as
the substrate and a substrate of silicon or of an electrically conducting ferrite may be
used. Moreover, instead of the magnetic head shown with a read function as ivell asa -
write function, a magnetic head having only one of these functions may be used.
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1. , A method of manufacturing a magnetic head unit from a magnetic head

[T

and a support, the magnetic head comprising an electrically conducting substrate and a
multilayer structure arranged against the substrate and having a transducing element,
and engaging the support, characterized in that an electrically insulating layer present 6n
a substrate side facing the exterior is removed for forming a surface, whereafter an
electrically conducting material for forming an electrically conducting contact layer is
deposited on the surface formed, whereafter the magnetic head is secured to the
support, while the electrically conducting contact layer is contacted with the support.
2. A method as claimed in Claim 1, characterized in that a substrate of
electrically conducting aluminium oxide titanium carbide (ALO;-TiC) is used as a
substrate, in which the electrically insulating layer comprises titanium oxide formed by
oxidation, which layer is removed before the electrically conducting contact layer is
formed.

3. A method as claimed in Claim 1, characterized in that a silicon substrate
is used as a substrate, in which the electrically insulating layer comprises silicon oxide
formed by oxidation, which layer is removed before the electrically conducting contact

layer is formed.

- 4, . A method as claimed in Claim 1, characterized in that a substrate of an

electrically conducting ferrite is used as a substrate, in which the electrically insulating
layer is a surface layer formed by mechanical treatment, which layer is removed before
the electrically conducting contact layer is formed.

5. A method as claimed in Claim 1, 2, 3 or 4, characterized in that the
electrically insulating layer is removed by means of sputter—etchihg in a low-pressure
space, whereafter the electrically conducting layer is formed by means of sputtering in a
low-pressure space. '

6. A method as claimed in Claim 1, 2, 3, 4 or 5, characterized in that an
electrically conducting adhesive is provided between the electrically conducting contact
layer on the substrate and the support. .
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7. A method of manufacturing a magnetic head for use in the method as

claimed in Claim 1, 2, 3, 4, 5 or 6, starting from an eléctrically conducting substrate on
which a multilayer structure having a transducing element is formed, characterized in
that electrically conducting material for forming a ground conductor is deposited during
formation of the multilayer structure, the ground conductor being electrically connected
to the substrate. |

8. A method as claimed in Claim 7, characterized in that prior to depositing
electrically conducting material for forming the ground conductor, a lead-through
aperture extending as far as the substrate is provided in an insulation layer which is
already present on the substrate, and the substrate is provided with an electrically
conducting surface at the area of the lead-through aperture, whereafter electrically
conducting material for forming the ground conductor and a connection between the
ground conductor and the substrate is deposited on the insulation layer and, through the
lead-through aperture, on the electrically conducting surface of the substrate.

9. A magnetic head unit obtainable by means of the method as claimed in
any one of Claims 1 to 6, comprising a magnetic head having an electrically conducting

~ substrate and a multilayer structure engaging the substrate and comprising at least a

transducing element, and a support for the magnetic head, characterized in that the
substrate is electrically connected to a ground conductor of the magnetic head, a
substrate surface facing the support being provided with a contact layer of an
electrically conducting material, which layer engages the support.

10. A magnetic head unit as claimed in Claim 9, characterized in that the
support is électrimlly conducting and is secured on an electrically insulating base
associated with the magnetic head unit.

11. A magnetic head unit as claimed in Claim 9 or 10, characterized in that
an electrically conducting adhesive is present at least locally between the contact layer
and the support. .

12. A magnetic head obtainable by means of the method as claimed in Claim
7 or 8 and for use in the magnetic head unit as claimed in Claim 9, 10 or 11, having a
head face and comprising an electrically conducting substrate and a multilayer structure
present on the substrate provided with a transducing element and a &'ansducing gap
terminating in the head face, characterized in that a ground coriductor in the multilayer

structure is in direct contact with the substrate via a lead-through aperture and is
/ .
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provided with an abutting face. .

13. A magnetic head as claimed in Claim 12, 8hiaracterized in that an
electrically conducting ceramic substrate is used as a substrate.

14. A magnetic head as claimed in Claim 12, characterized in that a
3 5 semiconductor substrate is used as a substrate.
3 15. A magnetic head as claimed in Claim 12, characterized in that an
electrically conducting ferrite substrate is used as a substrate.
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