METHO FOR THE MAKI NG OF A MAGNETI C RECORDI NG READI NG HEADR/M%P %
RECORDI NG/ HEADI NG HEAD BACKGROUND OF THE | NVENTI ON The invention relates to
a method for making a 5 nagnetic recording/readi ng head. It can be
applied especially to the making of nultiple-track heads for the readi ng of
all types of media such as nEgnetic di sk&, magneti:¢c:tapes and magnetic
cards, in all fields covering all types of equipnent such as video
10 recorders, conputer peripherals, data recorders for space vehicles, etc.
The writing anMEmHODeHangHEfMAKInGganmnhRGNETICrnEkGRNBNG/REEBENGo one
anot her, for exanple traghﬁu?rr I netic tape at a
pitch of 15 10 pm requires & magne | haV|ng el'enentary heads
conpatible with aBACKEBOUND| QF EHESIHVEETIOHls type. The French patent

appl i cation No. 2mfg0 ﬁ%rpﬁﬁﬁ{' begatBe LAY ZbtAsgOledr nglta'k'lﬁgheéd

adapted to such an application ch_paten
5 agnetJ.c recording/reading head It can be applied

especially to the making of multiple-track heads for
the reading of all types of media such as magnetic
disks, magnetic-tapes and magnetic cards, in all fields
covering all types of equipment such as video

10 recorders, computer peripherals, data recorders for
space vehicles, etc.

The writing and/or read:.ng of a large number of
tracks very close to one another, for example tracks
arranged in parallel on a magnetic tape at a pitch of

15 10 pm, requires a magnetic head having elementary heads
compatible with an information density of this type.

The French patent application No. 2 630 853
describes the organization of a matrix head adapted to
such an application. The French patent 2 648 940

20 describes various metnods of making such a head.

However, there is a problem of the integration of
the coils of the magnetic heads and of the connection
of these coils to the control circuits.

The invention proposes the making of an integrated

25+ head with its coils and also the integration of the
control circuits. This removes the drawbacks of the
prior art. The resulting component is potentially
inexpensive and provides for a greater density of gaps
in a matrix organization of magnetic heads.

30 According to the invention, the integrated head
takes the form of a component combining control logic,
power transistors, multiple-turn coils and magnetic
circuits. : :



20 destri bes vari ous net hods-of nmeki ng such a head. However, there is a
probl em of the integration of the coils of the magnetic heads and of the
connection of these coils to the control circuits. The invention proposes
the making of an integrated 25 head with its coils and al so the

I ntegration of the control circuits. This renoves the drawbacks of the
prior art. The resulting conponent is potentially inexpensive and
provides for a greater density of gaps in a matrix organi zati on of magnetic
heads. 30 AcSUMMARY) OF THE INVENTIOM, the integrated head takes the
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making of a magnetic recording/reading head comprising
the following steps:

5 - the making of magnetic excitation wires on or in
a first face of a substrate comprising this first face
and a second face opposite the first face;

- the making, on the first or second face of the
substrate, of at least two magnetic poles separated by

10 a gap;

- the drilling of holes through the substrate from
the face opposite the one bearing the magnetic poles,
each ending in such a way that there is magnetic
coupling between the bottom of the hole and the pole;

15 - the deposition of a layer of material with high
magnetic permeability in the holes and in the zones of
the substrate located between the holes.

The invention also relates to a magnetic
recording/reading head comprising a non-magnetic

20 substrate having, on one face, at least one magnetic
excitation conductor and, on this face or on the
opposite face, two magnetic poles separated by a gap as
well as an element made of a material with high
magnetic permeability having a U-shape, with the armms

25 of this U being substantially perpendicular to the face
bearing the magnetic poles and with the ends of the
arms being each magnetically coupled with a magnetic
pole, said element and said poles forming a magnetic
circuit that surrounds the conductor, wherein the

30 substrate is made of a semiconductor material in which
the control circuits to which the conductor is
connected are implanted.

BRIEF DESCRIPTION OF THE DRAWINGS

The -different objects and features of the invention

35 shall appear more clearly from the following

description, and from the appended figures, of which:



The irvention therefore relates to a nethod for the making of a magnetic

recor di ng/ readi ng head conprising the followi ng steps: 5

of magnetic excitation wires on or in a first face of a substrate

conprising this first face and a second face opposite the first face;
making, on the first or second face of tBe substrate, of at |east two
magneti c pol es separated by 10 a gap;
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- Figures 3a to 3e show a method for the making of

a magnetic head according'to the invention;

- Figures 4a to 4e show a variant of the method of
manufacture according to the invention; :

- Figure 5 shows a magnetic head and a method of
manufacture according to which magnetic poles are not
directly on the substrate plate;

- Figure 6 shows a variant of the method of
manufacture of Figure 5;

- Figure 7 shows an application of the invention to
the making of matrix magnetic head;

- Figures 8 to 14 show different modes of coils of
a matrix magnetic head.

MORE DETAILED DESCRIPTION

According to the invention, the control logic

circuits, the supply transistors and the coils are made
on a substrate of semiconductor material (silicon) by
using a technology that is now tested and widely used
on an industrial scale such as, for example, a
technology using complementary MOS transistors and a
double level of metallization. Figure 1 gives a
schematic view of such a circuit of the kind that can
be obtained on wafers in the semiconductor industry.
It will be noted that the connections are positioned on
the top and bottom edges of the chip so as to free the
right-hand and left-hand edges for the running of the
tape.

The control transistors have a resistance well
below that of the coils so that the currents are
determined by the impedance of said coils. It follows
therefrom that the heat dissipation zone is that of the
coils.

non- magnetic 20 substrate



extitation conductor and, on-this face or on the opposite face, two
nagnetlc pol es separated by a gap as well as an el enent made of a materi al
wi th high magnetic perneability having a U shape, with the arns 25 of this
U being substantially perpendicular to the face bearing the magnetic pol es
and with the ends of the arms being each®magnetically coupled with a
magnetic pole, said elenent and said poles formng a magnetic circuit that
surrounds the conductor, wherein the 30 substrate is nade of a

sem conduct or natExgarela whows aheezemplel ofi ragchematithisectinabnduct or

s connect ed gigyl TRl AL ORR B DECRLETION OFdHonbRAVLNGRgier.cb  fer ent
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obj ects and features he I nvention 35 _shall appear nore clearly
from the FbFFB%Fn@lHBSGrQ%Plbﬂbréﬁﬂt?¢oh?t%ec% ended figures, of

whi ch: It has a substrate 1 bearing, on one of its faces

5 10, magnetic excitation conductors 2 or coil wires.

The substrate 1 is, for example, made of semiconductor

material (silicon for example) and control circuits 7,

7' are implanted in the substrate. The circuits 7, 7'

are therefore semiconductor cirguits and contain power

10 transistor circuits that can be used to supply the

connection wires with current. They are then connected

by means known in the prior art to the excitation wires

2. The circuits 7, 7' may also contain logic control

circuits receiving commands from the exterior and

15 controlling the power supply circuits of the excitation
wires.

Above the coils there are positioned magnetic poles
3, 3' separated by a gap 30. A layer of insulator
material 13 may be provided above the excitation wires

20 2. This layer, whose surface is plane and slightly
curved, enables the poles 3, 3' to be received easily
and to be insulated from the excitation wires 2. The
poles 3, 3' are made advantageously acco:ding to the
method for the manufacture of thin layers as described

25 in the French patent application No. 2 605 783.

Holes 12 and 12' go through the substrate 1 and the
layer 13 and contain a material with high magnetic
permeability 4 in such a way that this material is in
contact or almost in contact with the poles 3, 3' so as

30 to be magnetically coupled with the poles 3, 3'. The
layer 4 therefore magnetically couples the poles 3 and
3' to each other.

Finally, a supporting plate 6 which is preferably
rigid is fixed to the plate 11 of the substrate 1 with,

35 for example, bonder 5. Advantageously, the plate 6 is
made of a material that is a good conductor of heat,



3 - Fi'gure 1 shows a general-exenplary enbodi nent according to the

I nvention; - Figure 2 shows a detailed exanple of a magnetic head accordi ng
to the invention; 5 - Figures 3a to 3e show a nmethod for the maki ng of
a magnetic head according to the invention; - Figures 4a to 4e show a

vari ant of the nmethod of manufacture accdording to the invention; - Figure 5
shows a magnetic head and a nethod of 10 nmanufacture according to which
magneti c poles are not directly on the substrate plate; - Figure 6 shows a
variant of thforeldxathplle NBRVE86HYT etOf driaBliee the- EbOULRg7 shHovthean
application of,the.invention to 15 the making of matrix nagnetic head;
Figures 8 to FENNF di fferent nodes of coils of a matrix magnetic head.
MORE DETAI LED DEGRIGYAON to the exemplary embodiment of Figure 2,

the excitation wires 2 and the circuits 7, 7' are

5 positioned on the face 10 of the substrate but in
another embodiment they could be on the face 11.

Referring to Figures 3a to 3e, a description shall

now be given of a method for making a magnetic head
according to the invention.

10 In a first step (Figure 3a), control circuits 7, 7'
and excitation wires 2 are made on the surface 10 of a
substrate 1. In the case of an embodiment using
semiconductors, the control <circuits 7, 7' are
implanted in the substrate and the excitation wires 2

15 are made on the surface of the substrate. The
excitation wires 2 are electrically connected to the
control circuits 7, 7'. The face 10 and the excitation
wires are covered with an insulator layer 13. This
layer is preferably flattened or slightly curved (in

20 the case of applications for the reading of magnetic
tapes).

In a second step, the magnetic poles 3, 3'
separated by a gap are made on the layer 13. According
to a thin-layer manufacturing method, the magnetic pole

25 3 is made on the face 10 and then a layer of non-
magnetic material 30 is made on this pole.

This non-magnetic layer 30 has a thickness smaller
than that of the pole 3. A layer of magnetic material
designed to form the pole 3 is then made on the unit.

30 Then, this magnetic layer and the non-magnetic layer 30
are machined above the pole 3 so as to bring out this
pole 3. Thus the structure of Figure 3b is obtained.

According to the exemplary embodiment of Figure 3b,
the layer of non-magnetic material 30 located between

35 the poles 3' and the face 10 has been kept but,



According to the invention, the control logic 20 circuits, the supply
transistors and the coils are nade on a substrate of sem conductor materi al
(silicon) by using a technology that is now tested and wi dely used on an
i ndustrial scale such as, for exanple, a technol ogy using conpl enentary MOS

transistors and a 25 double level of @etallization. Figure 1 gives
a schematic view of such a circuit of the kind that can be obtained on
wafers in the sem conductor industry. It will be noted that the connections

are positioneacetrdirg t ogoandahethe edgabodiméhe, chipt so esuld friee the 30
ri ght - hand a%ﬁiﬁﬁﬁ-{ggm edges for the running of the tape. The control
transi stors have & +esistance wel | bel ow that of the coils so that the
currents are det duringl dythhed spepafBégutesdicd,cbolles 12t 1A' A%e 35

therefrom thajriifedent HhSSiRBitPAEOPCrSm! Rk 2hckN81C0I Ihe hole

5 12 preferably reaches the pole 3. The hole 12' reaches
the layer 30 or the pole 3'. The holes 12 and 12' may
also be holes that do not lead into the substrate 1 or
the layer 13. It is enough then that there should be a
magnetic coupling between the poles 3, 3' and the holes

10 12, 12' respectively.

In a fourth step (Figure 3d), a material with high
magnetic permeability 4 is then deposited in the holes
12, 12' and on the zone of the substrate 1 located
between the holes. This material 4 is aimed at

15 obtaining the magnetic coupling of the poles 3 and 3'
and forming the element that closes the magnetic
circuit of the magnetic head.

In this state, the magnetic head according to the
invention is made.

20 In a fifth step (Figure 3e) the face 11 of
substrate may be fixed to a supporting plate 6 whose
role is to make the unit rigid as well as possibly to
act as a cooling unit.

For example, the thickness of the substrate 1 may

25 be equal to about a hundred micrometers while that of
the pole 3 may be equal to about ten micrometers while
the non-magnetic layer 30 is some micrometers thick.

The materials used will be for example:

- substrate = silicon

30 - poles 3, 3' = sendust (alloy of iron, tin and
aluminium)

- layer of magnetic material 4 = permalloy.

Figures 4a to 4e show an alternative to the method
described here above.



4 Figure 2 shows an exanple of a schematic sectional viewin the zone of
the coils. It shows a nmagnetic circuit with a gap inbricated in a coil.
It has a substrate 1 bearing, on one of its faces 5 10, magnetic
excitation conductors 2 or coil wires. The substrate 1 is, f or exanple,
made of semiconductor material (silicon Tor exanple) and control circuits
7, 7" are inplanted in the substrate. The circuits 7, 7' are therefore
sem conductor circuits and contain power 10 transistor circuits that can
be used to suppl yInhhEigoneedd oduringsthet firstrsoep, Tty exeitakeion

connected_by gpans 5198"‘@11:8?1% f”’i" GEL hQabNon C¥El LALLOM M EEStKe ThE
circuits 7, 7 nag al'so contarn [bgic control crrclUifs recelving comands
fromthe extesubstmate1s controlling the power supply circuits of the

excitation wWires.in the second step (Figure 4b), the magnetic poles

5 3, 3' are made on the face 10.

The holes 12, 12' are made during the third step
(Figure 4c) as here above. Then, the magnetic material
4 is deposited in the holes 12, 12' as above (Figure
4d). Finally, a supporting element 6 is attached to

10 the unit.

There is thus obtained a structure (Figure 4e)
which differs from that of Figure 3e by the fact that
the excitation wires and the control circuits 7, 7' are
made on the face 11 instead of on the face 10.

15 The difficulty with this type of completely
integrated technology is the compatibility of the
operations for processing the magnetic head and the
silicon circuits. There is a risk of destroying the
logic transistors and the control transistors during

20 the operations for annealing the poles. This is why an
alternative method of manufacture shall now be
described.

This alternative method is illustrated in Figure 5.

A composite plate 9 made of non-magnetic material

25 90 and of magnetic material 91 is made separately. The
non-magnetic material 90 is, for example, glass and the
magnetic material 91 is ferrite. The magnetic poles 3,
3' are made on a face 92 above magnetic zones 91 so
that each of them is magnetically coupled to the face

30 93 of the plate 9.

During the second step described here above, this
face is then fixed by bonding, for example, to the face
10 of the substrate.

The substrate 1 is then thinned out on the face 11

35 side and then holes are drilled in the substrate 1
before the electrodeposition of permalloy as here



Above the coils there are positioned nagnetic poles 3, 3' separated by a
gap 30. A layer of insulator nmaterial 13 may be provided above the
excitation wires 20 2. This layer, whose surface is plane and slightly
curved, enables the poles 3, 3' to be received easily and to be insul ated
fromthe excitation wires 2. The poles 8 3' are nade advant ageously
according to the nethod for the manufacture of thin |ayers as described 25
in the French patent application No. 2 605 783. Holes 12 and 12' go through
the substrat eabowed theh| suppdrd iyl q@i#ts n6a oft esidlicent hohi gheatgnetic
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making of blind holes by chemical corrosion) and then
the heat conductor is bonded to this active face or
thinned out by the rear face up to the permalloy and
the unit is bonded to the glass-ferrite composite
10 material.

According to another variant shown in Figure 6,
instead of using a plate 9 of composite material, a
wafer 8 of homogeneous and non-magnetic material such
as silicon is used. The magnetic poles 3, 3' are made

15 on this wafer. Then this wafer is thinned out. Then,
as here above, this wafer 8 is attached to the
substrate plate 1 bearing the excitation wires 2 and
the control circuits. The plate 1 is thinned out.
Then, the holes 12 and 12' are made through the

20 ‘substrate 1 and through the wafer 8.

The magnetic material 4 deposited in the holes 12,
12' enables the constituting of the magnetic circuits
coupling the two magnetic poles 3 and 3'.

Various alternative ways of making the magnetic

25 closing circuit are possible. The first silicon
substrate may be drilled with its blind holes (leading
to the poles) before the bonding of the second
substrate. These same blind holes may be filled with
permalloy before bonding. This brings us to the

30 variants explained in the above paragraph.

' This embodiment is advantageous for two reasons:

- the two silicon substrates 1 and 8 may have the
same dimensions;

- the density of the gaps may be greater than in

35 the previous approach because there is no longer any
glass-ferrite composite material used.



made of a material that is a-good conductor of heat, 5 for exanple
silicon, to enable the cooling of the circuits. According to the exenplary
enbodi ment of Figure 2, the excitation wires 2 and the circuits 7, 7'
positioned on the face 10 of the substrate but in another enbodi nent
could be on the face 11. Referring to Fi8ures 3a to 3e, a description
now be given of a nethod for making a magnetic head according to the
i nvention. 10
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In a first step (Figure 3a), control circuits 7, 7'
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two levels by cross—-connections that go through the
substrate 1 and even through the supporting plate 6.

The invention can be applied to the making of a set
of matrix heads as shown in Figure 7 and described in
the French patent application No. 2 630 853.

In a set of heads such as this, the heads are
organized in rows and columns. A head such as Tl has
two poles 3, 3' separated by a gap 30, each located on
a magnetic pad PL1 connected to a layer or to a plate
of magnetic material 1. Magnetic excitation conductors
or row coils L1 enable the induction of a magnetic flux
in the magnetic circuits of a row of magnetic heads.
Other magnetic excitation conductors or column coils Cl
enable the induction of a magnetic flux in the magnetic
circuits of a column of magnetic heads. A magnetic
head located at the intersection of a row coil and a
column coil is excited.

According to the invention, the coil conductors are
not housed in grooves. They are on the surface of the
substrate 1. The working of the magnetic heads is,
however, the same. Their mode of coiling determines
the pads PL1.

Figures 8 to 14 show different modes of coils made
possible by the method of the invention.

Figure 8 shows a matrix head in which each magnetic
head has its own two poles. Each row of magnetic heads
has a row coil, D1 for example, that is individually
coiled around the poles D1 of a row. Each column of
magnetic heads has a column coil S1 that is coiled
around all the poles D1 to D5 of a column together.
Such an arrangement enables the reduction of all cross-
talk between magnetic heads owing to the fact that
there is no common pole between neighboring heads. A

are 5
t hey
shal |

and
t he
7,



15 are made on the surface of the substrate. The excitation wires
2 are electrically connected to the control circuits 7, 7'. The face 10 and
the excitation wires are covered with an insulator |ayer 13. This | ayer
is preferably flattened or slightly curved (in 20 the case of applications
for the reading of magnetic tapes). In &0second step, the magnetic poles 3,
3' separated by a gap are nade on the |ayer 13. According to a thin-|ayer
manuf act uri ng nmet hod, the nagnetic pole 25 3 is made on the face 10 and
then a | ayer médaonf cabhingcsuch cas athid aksoraialles hilye potductiiomn

non- magneti c y. 30,838 I ckness smaller than that of the pole 3. A
| ayer of nagﬁ%?igﬁ%a%%rlafgﬁégigned to formthe pole 3 is then nade on the

unit. 30 Then, thFiIwEgn8tishowsya BabiriXeheed raynehieh| & dragetie
machi ned abovgoldeipok8mBofiotds th MHdads .oulathbs BEie B1 HuiScdiled
structure of TIGHLE SR’ oL hRoY rhacO" Pold ! N RSP e pRg men
two coils such as S3 and S4 coiled around the poles of
a column alternately. |

Figure 10 shows a mode of coiling in which it is
the column coils that are each common to a column of

10 poles and in which there are two row coils coiled
around the poles of a row alternately.

Figure 11 shows a mode of coiling similar to that
of Figure 9, but the magnetic heads are positioned in a
zigzag arrangement and connect the magnetic poles

15 diagonally.

Figure 12 shows a mode of coiling similar to that
of Figure 11 but wherein the pads and poles are square-
shaped. They are positioned at 45° with respect to the
direction of the rows and columns.

20 Figure 13 shows a mode of coiling in which the pads
and poles positioned at 45° (as in Figure 12) have row
coils and column coils coiled around them individually.

Figure 14 shows a mode of coiling 'in which there
are two coils per row D3, D4 for example, coiled around

25 the poles of a row alternately as well as two coils per
column S1 and S2 for example, coiled around the poles
of a column alternately.



tHe | ayer of non-magnetic material 30 |ocated between 35 t es and
the face 10 has been kept but, 6 according to anot her !’mw I”
it could be elimnated. EUrlng athird step (Figure 3c), ,"
are drilled in the substrate 1 fromthe face 11. The hole 5 12 pref rabl y*
reaches the pole 3. The hole 12' reachedlthe | ayer 30 or the pole 3'. The
hol es 12 and 12' may al so be holes that do not lead into the substrate 1 or
the layer 13. It is enough then that there should be a magnetic coupling
between the poles 3, 3'-and thewHaters I0LAPMEDB ISt espectively. In a fourth
step (Figure 3d),,a materj al_w net meahi l ity en
. : :Ef@hond O%Q MRga hgkggéhesg é m?%#ép*g

deposited in the %oles 15‘ the“"Zone 0 Substr ocat ed
recordlng/reading head comprising the following steps:

- the making of magnetic excitation wires on or in

5 a first face of a substrate having this first face and
a second face opposite the first face;

- the making, on the first or second face of the
substrate, of at least two magnetic poles separated by
a gap;

10 - the drilling of holes through the substrate from
the face opposite the one bearing the magnetic poles,
each ending in such a way that there is magnetic
coupling between the bottom of the hole and the pole;

- the deposition of a layer of material with high

15 magnetic permeability in the holes and in the zones of
the substrate located between the holes.

2. A method according to claim 1, comprising an
additional step for the bonding of the face of the
substrate opposite the face bearing the magnetic poles

20 to a supporting plate.

3. A method according to claim 1, wherein the
making of the magnetic poles is done by:

- the making of a first magnetic pole on the face
of. the substrate;

25 - the making of a layer of non-magnetic material
with a thickness smaller than that of the first
magnetic pole on the first pole and on the face of the
substrate bearing this first pole;

- the machining of the layer of the second pole and

30 of the non-magnetic material located on the first pole.

4. A method according to claim 1, wherein the
electronic control circuits are made on or in the first
substrate face.

5. A method according to claim 4, wherein the

35 substrate is made of a semiconductor material and



between the hol es. Thi s-nmaterial 4 is alrred at 150.,ta ninnfhp

magnetic coupling of the poles 3 and 3' and form

closes the nmagnetic circuit of the magnetic head In th| ﬂ Bre 1'“! ,IIII”II,
magneti c head according to the invention is made. 20

step (Figure 3e) the face 11 of sdistrate may be fixed to a
supporting plate 6 whose role is to nmake the unit rigid as well as possibly
to act as a cooling unit. For exanple, the thickness of the substrate 1 nay
25 be equal wbezbdnt thehuetieetromicomdtrendtshidee t hmplehtelde ipol the may be

equal to abou u},ggrgkgrorreters while the non-magnetic |ayer 30 is sone
m croneters t he materials used will be for exanple; - substrate =

silicon 30 - :5pol ed Fethod 3ererdingal oy cdpimy ohy phergdd athei ni um
- layer of nmegiaebirgalbteitldl high RRIJAIYIY . permeability is made of

5 permalloy.

7. A method according to claim 1, wherein the
making of the magnetic poles is done separately on a
supporting plate, this supporting plate being then
fixed by'its face opposite the face bearing the poles

10 to the first face or to the second face of the
substrate.

8. A method according to claim 7, wherein the
supporting plate is made of a non-magnetic material.

9. A method according to claim 7, wherein the

15 supporting plate is made of a composite material of
magnetic elements and non-magnetic elements
perpendicular to its main faces, the magnetic elements
magnetically coupling each pole to the face opposite
the one that bears these poles.

20 10. A magnetic recording/reading head comprising a
non-magnetic substrate having, on one face, at least
one magnetic excitation conductor and, on this face or
on the opposite face, two magnetic poles separated by a
gap as well as an element made of a material of high

25 magnetic permeability having a U-shape, the arms of
this U being substantially perpendicular to the face
bearing the magnetic poles and the ends of the arms
being each magnetically coupled with a magnetic pole,
said element and said poles forming a magnetic circuit

30 that surrounds the conductor, wherein the substrate is-
made of a semiconductor material in which the control
circuits to which the conductor is connected are
implanted.

11. A magnetic head according to claim 10,

35 comprising an element made of non-magnetic material
between the magnetic poles and the substrate.



Fi'gures 4a to 4e show an alternative to the nmethod descr
7 In Figure 4a, during the first step, the excitation w
7' are made on the face 11 of the substrate. In the seco
4b), the magnetic poles 5 3, 3' are nade on the face 10.
are made during the third step (Figure 48) as here above
magnetic material 4 is deposited in the holes 12, 12' as
Finally, a supporting elenment 6 is attached to 10 the un

i bed here above.

TN

The ‘holes" 125 12
. Then, the

above (Figure 4d).
it. There is thus

obt ai ned a structi2e (Figureageetivi cheddf f acsolddngt hab ofcliigur elBe by

the fact that ilier ffhdat! BBeWLERS AHL ! NGagRBELA! Y1 [Saha 7'tr¥ €
substrate, a composite part made of elements of
magnetic materials and elements of non-magnetic

5 materials magnetic coupling each magnetic pole to one

end of an arm of the U-shaped element.

13. A matrix of heads organized in rows and
columns applying the magnetic head according to one of

the foregoing claims wherein, for each row, there is

10 provided a row coil coiled, in common, around one pole
of the heads of a row and, for each column, there is

provided a column coil coiled separately
pole of the heads of a column.

around one

14. 2 matrix of heads organized in rows and

15 columns applying the magnetic head according to one of
the foregoing claims wherein, for each row, there is
provided a row coil coiled, in common, around one pole

of the heads of a row and, for each column, at least

two independent coils coiled separately
20 poles of alternate magnetic heads.

around the



made on the face 11 instead of on the face 10. 15 The difficulty

with this type of conpletely integrated technology is the conpatibility
of the operations for processing the magnetic head and the silicon
circuits. There is a risk of destroying the logic transistors and the
control transistors during 20 the operatlidons for annealing the poles. This
Is why an alternative nethod of manufacture shall now be described.
This alternative nethod is illustrated in Figure 5 A conposite plate 9
made of non-magnetic nat er i ABARAYT DF THE mwnsmmmt erial 91 is made

et o at et al TH1 ReSFabpefion®ihBa foi fend ShaRIARP: o ARgndffc O
face 92 aboverqggn@;ng/zenésng1he@dthqmpeasasotheh@mil@wnm@n%¥¢k%i|y

coupled to the facegQ ﬂﬁk@‘ﬁ% pe Hlla%ﬁtgc diftGtlile %&%@@d&i%dﬁscrl bed
here above, this face |s t he | xed I ng, far exaqp to the_face
5 a first face of a substrate hav1ng this first face and

a second face opp051te the first face;

- the making, on the first or second face of the
substrate, of at least two magnetic poles separated by
a gap; :

10 - the drilling of holes through the substrate from
the face opposite the one bearing the magnetic poles,
each ending in such a way that there is magnetic
coupling between the bottom of the hole and the pole;

- the deposition of a layer of material with high

15 magnetic permeability in the holes and in the zones of
the substrate located between the holes. Applications:
the making of magnetic recording/reading heads for
video-tape recorders, computer peripherals and
professional recording machines.

20 Figure 4e



10 of ‘the substrate. The substrate 1 is then thinned out on the face 11 35
side and then holes are drilled in the substrate 1 before the

el ectrodeposition of permalloy as here 8 above. A supporting
plate 6 of silicon or heat conductor msw]%hen be bonded to make the unit
rigid. Qher variants may give the final "reéesult. In particular, the
U-shaped pernal l oy structure may be 5 obtagi MEEVGIHM fpghe
chips (after the nmaking of blind_holes b rcal CTorrosion) and then the
heat conductor is bonded to this ' hi nned out by the rear

face up to the permalloy and the o t he ferrite
conposite 10 material. According]t L dnt S 3 Eirﬂme 6,
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instead of using a plate 9 of conposite nmaterial, a wafer 8 of honpbgeneous
and non-magnetic material such as sil.icon is used. The nmagnetic poles 3, 3
are made 15 on this wafer. Then this wafer is thinned out. Then, as here
above, this wafer 8 is attached to the sul@tyate plate 1 bearing the
excitation wires 2 and thg,contro ircuits. The plate 1 is thinned out.
Then, the holes 12 and 127 & : HQ 20 substrate 1 and through
t he mafer 8. The nag/— ey |nlthe hol es 12, 12' enables
the constituting PET=whiN3 T bl Ay the two magnetic poles 3
and 3'. Various altefnative way's of naklng magnetic 25 closing

circuit are possi bl\e. ' ' bstrate may be dr|IIed

.before
the second substrate. These sane blind 244y be '?Tt(:ij pernalloy
bef ore bondi ng. This brings us to the 30 varlants expl ained in the
above paragraph.

FIG.3b

FIG.3¢

S5 =<w  FIG.3d

"t | FIG.3e




Thi s enbodi nent i s advantageous for two reasons: - the two silicon
substrates 1 and 8 may have the sane.dinensions; - the density of the gaps
may be greater than in 35 the previous approach because there is no | onger
any glass-ferrite conposite material usedd/12 9 The coils nmay be nade
in two levels of netallization with the p? sibility of connecting these
two | evel s by cross-connections that go th JSh the substrate 1 and even
t hrough the supportimg—ptrate=6—>5 Fre ' eﬂtion can be applied to the
2 frgure 7 and described in the

13/ \2 . \'11. F|G4O

FIG.4b

FIG.4c

FIG.4d

FIG. 4e



10 two poles 3, 3
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has a‘row coill, D1 for exanple, that is individually 30 coiled around the
poles D1 of a row. Each colum of magnetic heads has a columm coil S1 that
is coiled around all the poles D1 to D5 of a columm together. Such an
arrangenent enabl es the reduction of all &f4@s- tal k between nmagnetic heads
owing to the fact that 35 there is no conmon pol e between nei ghboring
heads. A 10 node of coiling such as this al so enables the reduction of
t he i nductance. Figure 9 shows a matrix head in which a magnetic pole is
common to two heads. Arow coil D1 is coiled around the poles of a row.
For each colum, there are two coils such S3 | ed he
poles of a colum alternately. Figure 10 owWs node A '
it is

PL1
L1




the columm coils that are each comon to a colum of 10 poles and in which
there are two row coils coiled around the poles of a row alternately.
Figure 11 shows a node of coiling simlar to that of Figure 9, but the
~magnetic heads are positioned in a zi gzag gyyengenment and connect the
~magnetic poles 15 diagonally. Figure 12 shows a node of coiling simlar to
that of Figure 11 but wherein the pads and pol es are square- shaped. They
rare positioned at [err] with respect to the direction of the rows and
~colums. 20 Figure 13 shows a node of coiling in which the pads and

- pol es positioned at 45 (as in Figure 12) have row coils and colum coils

. coiled around themindividually. Figure 14 shows a node of coiling in which

"there are two coilg per row D3, D4 fory exanple, ,coiled arqund 25 t he pol es
~of arowalternateffy as wel I§ as two C(tls per c# um S1 afd S2 for exanple,
"coiled around the poles of g colum alfternately. -
: -
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11 WHAT IS CLAIMED I S: 1. A method for the nmaking of a magnetic
recordi ng/ readi ng head conprising the follow ng steps: - the naking of
magnetic excitation wires onor in5 a fié§i face of a substrate having
this first face and a second face opposit { Ze first face; - the nmaking, on
the first or second face of the substrate, of at |east two nagnetic poles
separated by a gap; 10 - the drilling of holes through the substrate
fromthe face opposite the one bearing the nagnetic poles, each ending in
such a way that there is magnetic coupling between the bottom of the hole
and the pole; - the deposition of a |ayer of material with high 15 nagnetic
pernmeability in the holes and in the zones of
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the substrate |ocated between the holes. 2. A nethod according to claiml,
conprising an additional step for the bonding of the face of the substrate
opposite the face bearing the magnetic poles 20 to a supporting plate. 3.

A met hod according to claim1, wherein th8/#8king of the magnetic poles is

done by: - the making of a first magnetic pole on the face of the
substrate; 25 - the making of a |layer of non-magnetic material with a
t hi ckness smaller than that of the first nagnetic pole on the first pole
-and on the face of the substrate bearing this first pole; - the machining

of the layer of the second pole and 30 of the non-magnetic nmaterial |ocated
on the first pole. 4. A nethod according to claim1, wherein the

el ectronic contr@lgcircuit§gare nmadef gn or in'ctlefirst!s‘lbstrateface. 5.
A met hod accordi to clai 4, wherej g the
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35 substrate is nade of a sem conductor material and 12 wherein the

el ectronic circuits are inplanted in.the substrate. 6. A nmet hod according
to claim1, wherein the material with high nmagnetic perneability is nade of
5 permal |l oy. 7. A net hod according to c@ain 1, wherein the nmaking of the
magneti c poles is done separately on a supporting plate, this supporting

pl ate being then fixed by its face opposite the face bearing the poles 10
to the first face or to the second face of the substrate. 8. A et hod
according to claim7, wherein the supporting plate is nade of a
non-magnetic material. 9. . A method according to claim?7, wherein the

FIG.1

s1v Hsz 53”_51. 55” ”'. "W
D1
ﬁx[m\\_ m\\}{ m“\x 01| ¥ mj
NN R
s1) | \]s3 S5
\f./ /;;ﬂ_a’ /// /;} N—’
M M
2 % 5 —
D D D D2
D2 _ %‘ 2\\ '< 2\\3{ 2\\){ D2 | ¥ j
R \
S2 s6 ) [ (
~— U ol
l 4}/ Y ,,;ﬂ/
D3 %[03 >< D3 }< D3 >< D3 P< 03]
- U N J .
\]:' N \nd
33 S3
S’
s1' S2 sa"sz. ss"se " "



15 supporting plate is made of a conposite material of nmagnetic el enent s

ahd non- magneti c el ements perpendicular to its main faces, the
magneti c el ements magnetically coupling each pole to the face opposite the
one that bears these poles. 20 10. ﬁgn@pnetic recordi ng/ readi ng head
conprising a non-magnetic substrate having, On one face, at |east one

magneti c excitation conductor and, on this face or on the opposite face,
two magnetic pol es separated by a gap as well as an el enment nmade of a

mat erial of high 25 nmagnetic perneability having a U-'shape, the arns of
this U being substantially perpendicular to the face bearing the nagnetic
pol es and the ends of the arns being each magnetically coupled with a
nmagnetic pole, said elemegty and g% d polgp formggpg a magnetic circuit 30

t hat surrounds the conductgr, whegein thg substgate is nmade of a

sem conductor material in ich'fﬁe cont fol cir!uits to which the conductor

I s connected are inplanted

3




11. +* A magnetic head according to claim 10, 35 conprising an

el ement made of non-nmagnetic material. between the magnetic poles and the
substrate.: 13 12. A magnhetic head according to claim 10
conprising, between the nmagnetic polesjyfyand the substrate, a
.conposite part made of elenents of magnetic naterials and el enents of
non-magnetic 5 materials magnetic coupling each nagnetic pole to one end of
~an armof the U shaped el enent. 13. A matrix of heads organized in
rows and colums applying the nagnetic head according to one of the
foregoing clains wherein, for each row, there is 10 provided a row coil
coiled, in common, around one pole of the heads of a row and, for each

"colum, there is providedSh col 2 coilS3oil ecS&eparafhly ar$6nd one
_ Y v, _
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pol e of the heads of a colum. "14. A matrix of heads organized in
rows and 15 columms applying the magnetic head according to one of the
foregoi ng clains wherein, for each row, there is provided a row coil.
coiled, in comon, around one pole of th$2#t2ds of a row and, for each
colum, at |east two i ndependent coils coiled separately around the 20
pol es of alternate nagnetic heads. :
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