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the toroid at the gap being poles pieces. A wire coil was wound around the
toroid and is energized to BACKGROUND OF THE INVENTION
generate magnetic flux. The flux diverges between the pole pieces and
impinges on the magnetic 1. Field of the Invention                       5
material of the disk. The density with which data may be written is
directly related to the number of The invention relates generally to the
field of  flux transitions, or changes in flux direction, which read/write
heads for use in mass storage devices    the heads may provide per unit of
time. Since for digital data processing systems, and more par-  these heads
have a relatively high electrical induc- ticularly to such heads
manufactured by thin film   io  tance to achieve a satisfactory rate of
flux transi- techniques. The invention provides a new thin film  tions,
expensive driving circuitry is required. Fur- head which incorporates a
solenoidal energizing     thermore, the high inductance results in
increased coil, and a method of fabricating the new head.      "ringing,"
in which a signal, at a sharp transition, tends to fluctuate about the
desired signal level. 2. Description of the Prior Art                15
Too much ringing leads to uncertainty in the signal level for too long a
time, which requires slowing A typical modern digital data processing sys-
down the system. tern comprises a hierarchy of memory devices,
More recently, thin film read/write heads have including a semiconductor
main memory of rela-      been developed which have much lower induc-
tively small capacity, and one or more mass stor-  20  tance than
conventional read/write heads. Thin film age devices, which have much
greater capacity        read/write heads are fabricated by means of lithog-
than the main memory, but which are also rela-      raphic techniques that
are generally similar to the tively much slower. The mass storage devices
pro-   techniques that are used in making integrated cir- vide a back-up
store for data which is in the main  cuit chips. In such techniques, a
planar pole piece memory, and also for the voluminous amounts of  25  is
first formed and covered with an insulating ma- data which will not fit
into main memory but which  terial. A coil is then formed on the insulating
ma- can be called upon by the processor when it is      terial in the shape
of a planar spiral over part of the needed. A processor typically only
obtains informa-  pole piece, an insulating material is deposited over tion
directly from the main memory, and so, when    the spiral, and another pole
piece is formed on top it needs information which is only in a mass stor-
30  of the insulating material. age device, it enables the mass storage
device to       However, because the coil, of a typical thin film copy the
information to the main memory. Some        read/write head has a planar
spiral shape, a rela- time later, after it has processed the information,
tively long conductor is required to provide the the processor enables the
processed information to   number of turns in the coil that is required to
be stored in the mass storage device. This frees up   35   generate the
desired magnetic field during the storage in the main memory so that other
informa-   write operation, or to intercept the magnetic field tion may be
stored there.                           sensed by the head during a read
operation. Since, Typical mass strorage devices store informa-     in a
planar spiral, the length of the conductor tion on magnetic disks, the
information being re-   increases faster than the number of turns, the long
corded in the form of transitions in magnetic flux in  40  sprial conductor
results is a relatively large resis- the magnetic media generated by a
read/write        tance, which, in turn, results in generation of a head.
The information is organized into a plurality  significant amount of heat.
The increase in the of tracks, each a selected radial distance from the
resistance of the coil also results in a concomitant center of the disk,
and each track is divided into a  increase in the noise of the signal
during the read- plurality of sectors, with each sector subtending a   45
ing operation. predetermined angular portion of the disk. The
Furthermore, when the coil has a spiral shape, read/write head is suspended
from an arm, which     the mutual inductance between turns also in- is
moved generally radially over the disk surface in  creases faster than the
number of turns, and so a a "sleek" operation to bring the read/write head
planar coil having a sufficient number of turns also into registration with
a selected disk track. The disk   5o   has a relatively high inductance.
The high induc- is rotated in a "search" operation to bring the     tance
results in a relatively low effective resonant sector containing the
desired information into an-  frequency, which, in turn, increases the
amount of gular registration with the read/write head, which  undesirable
ringing that can occur in a signal ap- reads the information contained in
the sector, or   plied to the coil. In addition, since the coil has a
writes information on the magnetic medium in the   55  relatively high
inductance, a high driving voltage is sector.
required during a write operation to provide the Originally, read/write
heads were generally      necessary write current. toroidal in shape with a
cut or gap, with the ends of 3    



3                 EP 0 324 005 B1                    4 US Patent No.
3,662,119, entitled Thin Film    traces of conductive material formed on
layers of Magnetic Transducer Head, issued May 9, 1972, to   insulating
material such as hard baked photoresist, L. Romankiw, et al., discloses a
thin film head    silicon dioxide [err] and alumina [err] The having a
solenoid coil formed around both pole     traces are formed at
predetermined angles with pieces in the head to provide both a supply and a
5   respect to a longitudinal axis 13 of the pole piece return path for
electrical current which energizes  12 and interconnected by conductive
material de- the coil. The coil is formed in one layer around    posited in
vias in the conductive material as de- each pole piece using a complex
fabrication meth-  scribed below. The configuration of the conductive od.
Since coil layers are required around both pole  traces, that is, their
placement and orientation rela- pieces, the coil is not suitable for use in
connection   io  tive to each other and to the pole piece 12, and of with
vertical recording techniques now being devel-  the vias, is selected so
that they form a solenoidal oped, in which data is recorded vertically
rather  coil around the pole piece. than horizontally on a disk surface.
The head 10 includes four layers of conductive Attention is hereby directed
toward two further  traces formed on planar layers of insulating ma- prior
art documents. JP-A-5545192 discloses a   15  terial, with two layers being
disposed under the head according to the preamble of claim 1. GB-A-   pole
piece 12 and two layers being disposed above 1216905 discloses a method for
the manufacture of  pole piece 12. In particular, two of the layers of
ferro-magnetically cored film type inductors using  traces comprise a
lower, or first, trace layer includ- thick- or thin-film techniques This
patent discloses  ing three traces 14, 16 and 18 and an upper, or the
provision of a second coil an addition to a first  20  fourth, trace layer
also including three traces 20, 22 coil on a different part of a magnetic
core.        and 24. As shown in Fig. 1 B, the traces 14, 16, and 18 are
all depicted in Fig. 1A by means of solid SUMMARY OF THE INVENTION
lines, with each pair of solid lines representing one trace. Similarly, the
traces 20, 22 and 24 are all The invention provides a new and improved   25
depicted in Fig. 1A by means of dashed lines with thin film read/write head
for a disk storage unit in a  each pair of dashed lines representing one
trace. digital data processing system, in which the en-       The other two
layers of traces include a sec- ergizing coil is in the form of a solenoid
around at  ond trace layer, comprising three traces 26, 28 and least one of
the pole pieces, and a method of      30 situated between the first trace
layer and the fabricating the head.                         3o  pole piece
12, and a third trace layer comprising The present invention provides a
head accord-   two traces 32 and 34 situated between the fourth ing to
claim 1 and a method of manufacturing it    (upper) trace layer and the
pole piece 12. As according to claim 12.                             shown
in Fig. 1 B, the traces 26, 28 and 30 are all depicted in Fig. lA by a
dashed line having al- BRIEF DESCRIPTION OF THE DRAWINGS             35
ternating long and short dashes, and traces 32 and 34 are depicted in Fig.
lA by a dashed line having This invention is pointed out with particularity
alternating one long and two short dashes. in the appended claims. The
above and further          As shown in Fig. 1C, the pole piece 12 and all
advantages of this invetion may be better under-   of the traces are formed
on and embedded in stood by referring to the following description taken
40  layers of insulating material. Six layers of insulating in conjunction
with the accompanying drawings, in  material are depicted in Fig. 1C,
namely, layers 36, which:                                             38,
40, 42, 44 and 46. As explained below in Fig. 1A is a view representing a
schematic lay-  greater detail, after insulating layer 36 and traces out of
the various traces and the pole piece     14, 16 and 18 are formed, the
sequential insulating forming part of a read/write head constructed in  45
layers 38, 40, 42, and 44 are deposited and the accordance with this
invention;                  respective traces or pole piece 12 are formed
Fig. 1B is a table that is useful in understanding  thereon. The ends of
the traces of the various trace Fig. 1A; and
layers are connected together appropriately, as de- Fig. 1C is a schematic
side sectional view, taken  scribed below, to form a solenoidal coil. In
particu- along axis 1C-1C, of the portion of the head   5o  lar, ends of
selected pairs of traces overly each illustrated schematically in Fig. 1 A.
other, and the overlying ends are connected to- gether through the vias.
After the upper trace layer, DETAILED DESCRIPTION OF AN ILLUSTRATIVE
that is, traces 20, 22 and 24, has been formed, and EMBODIMENT
all of the connections through the vias have been 55  formed, an insulating
layer 46 is applied thereto to With reference to the Figures, a new
read/write  cover the traces. Thereafter, a second pole piece head 10
constructed in accordance with the inven-  (not shown) may be formed on the
head 10 as tion includes a pole piece 12 and a plurality of   appropriate.
4    



5        EP 0 324 005 B1                    6 As has been mentioned, the
traces are inter-    connected to the bonding pads in a known manner.
connected by appropriate vias which are formed     The bonding pads may be
located in any conve- through the insulating layers between the ends of
nient location, but it is desirable that they be the traces. These
interconnections are such as to  formed close to the ends of the traces to
which form a continuous circuit, with the traces and vias   6   they
connect to minimize the resistance of the path cooperating to effectively
form a coiled electrical  between the line from the read/write signal
generat- path around pole piece 12 from the upper end (as   ing and sensing
circuitry. shown in Fig. 1) to the tip 74. One such via,          The
method of fabricating the new read/write namely via 48, connects the right
end (as shown in  head is as follows. Initially, the first insulating layer
Fig. 1A) of trace 14 in the lower trace layer, to the   10  36 is formed as
a base for traces 14, 16 and 18, right end of trace 24 in the upper trace
layer.    and the traces are formed thereon using any con- Similarly, vias
50 and 52 interconnect the respec-  ventional lithographic and metal
deposition tech- tive rights ends of the other traces 16 and 22, and
nique. Then, the second insulating layer 38 is 18 and 20, in the lower and
upper trace layers.    formed, using a conventional technique, and the
Similar vias 54 and 56 interconnect the left ends of  is  upper surface
(the surface to the right as shown in respective pairs of traces 18 and 22,
and 16 and   Fig. 1C) may be smoothed. The upper surface of 24, between
the  first (lowest) and  fourth       layer 38 forms the base for traces
26, 28 and 30, (uppermost) trace layers. The result is a solenoid  which
are then formed. The third insulating layer 40 coil around pole piece 12
which extends from the   is then formed, and the pole piece 12 is formed.
leftmost end of trace 14 near the top of pole piece   20   The pole piece
may be formed using similar lithog- 12 (as shown in Fig. 1A) to the
leftmost end of    raphic techniques, although the pole piece may be trace
20 near the bottom of pole piece 12.         somewhat thicker than the
traces. The second and third trace layers are similarly    After the pole
piece is formed, the fourth in- interconnected by vias 58 (right end of
traces 34  sulating layer 42 is formed and vias are formed to and 28), 60
(right end of traces 32 and 26), 62 (left  26  the second layers of traces.
A metal layer is then end of traces 30 and 34), and 64 (left end of traces
deposited to form the third layer of traces which 28 and 32). This forms a
solenoid coil around pole  also services to fill the vias with conductive
ma- piece 12 which extends from the rightmost end of   terial and thereby
form the inner solenoid coil. At trace 30 near the top of pole piece 12 (as
shown in  the same time, vias, which, as described below, will Fig. lA) to
the leftmost end of trace 26 near the   30  be used later to interconnect
the first layer of bottom of pole piece 12. The solenoid coil formed
traces and a fourth layer of traces may be formed from the second and third
trace layers is generally  and filled with conductive material. The
microlithog- interior of the solenoid coil formed from the first  raphic
technique using laser for fabrication of elec- and fourth trace layers.
tronic components and the like, may be used to The two solenoid coils are
connected together  35  form the vias. by a via 66 which conncects the
leftmost end of        After the third layer of traces have been formed
trace 20, in the upper layer of traces, to the left-  and the
interconnections have been formed through most end of trace 26 in the
second layer of traces.  the vias bewteen the second and third layers of
The result is a single solenoid coil having both a  traces, the fifth layer
of insulating material, layer >   supply path and a return path for
energizing cur-  40  44, is formed, and the vias formed to the first layer
rent, with both paths being formed around a single  of traces. A metal
layer is then deposited to form pole piece 12. It is apparent that the new
head    the fourth layer of traces, that is traces 20, 22 and does not
require a coil to be formed around the    24 which also serves to fill the
vias conductive other pole piece to provide a return current path,
material to provide the outer solenoid coil. There- and so the new head may
be particularly useful in  46  after, the top insulating layer 46 is
deposited. conncection with vertical recording methods. How-      The
connections between the respective ends ever, it is also apparent that
another coil may be  of traces 14 and 30 and the bonding pads 70 and formed
around the second pole piece (not shown)    72 may be formed using the same
method de- if vertical recording is not to be used.           scribed above
of interconnecting the ends of the Returning to Fig. 1A, the leftmost end
of trace   so  respective traces. This may be done at any conve- 14, and
the rightmost end of trace 30 are con-     nient point in the process.
nected, through vias 74 and 76, to bonding pads       As has been noted
above, a head including a 70 and 72, respectively, which may be located on,
pole piece and conductors as described above for example, the uppermost
(rightmost, as shown in  constructed in accordance with the invention is
Fig. 1C) surface of insulating layer 46. Conventional  55  useful in disk
drives incorporating either horizontal read/write signal generating and
sensing circuitry  and vertical recording techniques. This is a result (not
shown) which generates writing current, or    of the fact that the solenoid
coil formed around one senses reading current generated in the head, is
pole piece, including both the interior and the ex- 5    



7                EP 0 324 005 B1                     8 terior coil layers,
provides both a supply path and a   layers. return path for the energizing
current. Thus, the head does not require a second coil around the      4.
The head of claim 1 wherein said plurality of other pole piece to provide a
return current path.     electrically conductive traces includes:
Furthermore, the new method of making the head   5         a first set of
electrically conductive traces simplifies fabrication of the head.
(14,16,18,26,28,30) disposed at an angle with It will be appreciated that a
read/write head       respect to said longitudinal axis and separated
typically includes two pole pieces. In a head which    from said pole piece
by one of said insulating is used in vertical recording, typically only one
pole  layers, and piece will be surrounded by a coil. However, if a   10
a second set of electrically conductive head is to be used in longitudinal
recording, one or   traces (20,22,24,32,34) disposed at an angle both pole
pieces may be surrounded by coils.           with respect to said
longitudinal axis and sepa- rated from said pole piece by the other one of
Claims                                                 said insulating
layers, 15         wherein traces of said first and second 1. A head (10)
for a magnetic storage device           sets of traces are selectively
interconnected comprising a pole piece (12) disposed along a       through
said pair of insulating layers to form longitudinal axis (13) and having a
distal end     said solenoid. (74) adapted to be disposed adjacent to a
storage medium of the magnetic storage de-  20  5. The magnetic head of
claim 4 wherein said vice, and a plurality of electrically insulating
first set of traces comprises a first plurality of layers (40,42) having
generally planar oppos-       generally planar traces (14,16,18) disposed
on ing surfaces, said pole piece being disposed        a surface of said
one of said insulating layers, therebetween,
said second set of traces comprises a a plurality of electrically
conductive traces   25  second plurality of generally planar traces
(14,16,18,20,22,24) separated from said pole       (20,22,24) disposed on a
surface of said other piece (12) by said pair of insulating layers
one of said insulating layers, and (40,42) and selectively interconnected
by vias         said other one of said insulating layers and
(48,50,52,54,56) through said insulating layers     said first plurality of
traces and said second to form a solenoid around said pole piece,  30
plurality of traces being selectively intercon- characterised in that said
solenoid having a        nected  by vias (48,54,50,56,52) disposed pair of
ends (70,72) disposed adjacent to a         through said pair of insulating
layers (40,42) to proximal end of said pole piece (12) and being     form
said solenoid. continuous between said ends to provide a generally helical
path for the flow of energising   35  6. The head of claim 1 wherein said
electrically current around said pole piece, a first portion     conductive
traces are selectively intercon- (14,24,16,22,18) of said generally helical
path     nected to form a pair of solenoids, each one of extending from
said proximal end to a region        which is electrically insulated from
and dis- of said distal end of said pole piece, and a        posed around
said pole piece, each one of second portion (20,26,32,28,34,30) of said
gen-   40  said pair of solenoids extending from  said erally helical path
returning from said region of   proximal end to said distal end region,
said said distal end to said proximal end of said        solenoids being
serially coupled together in pole piece (12) whereby the second portion
said distal end region to provide a path for the serves to increase the
flux linkage between         round trip flow of said energising current
from said solenoid and said pole piece (12) relative   45  said proximal
end to said distal end region, to that provided by the first portion to
increase   and back to said proximal end, all around said the sensitivity
of the head 10.                     pole piece. 2. The head of claim 1
wherein said pair of ends    7. The head of claim 6 wherein: (70,72) are
adapted to be connected to a sig-  50     A. said first set of traces
includes: nal source for supplying the energising current         i. a
first plurality of generally parallel to and returning the energising
current from             electrically conductive traces (14,16,18) said
solenoid.                                           disposed on an
insulating substrate (36) in a first direction skewed with respect to 3.
The head of claim 2 wherein said plurality of  55        the axis; traces
(14-34) are disposed at skewed direc-            ii. a third layer of
insulating material (38) tions with respect to the longitudinal axis on
disposed  over said first plurality of opposing surfaces of said pair of
insulating             traces; and 6    7                 EP 0 324 005 B1
8 



terior coil layers, provides both a supply path and a    layers. return
path for the energizing current. Thus, the head does not require a second
coil around the       4. The head of claim 1 wherein said plurality of
other pole piece to provide a return current path.       electrically
conductive traces includes: Furthermore, the new method of making the head
5          a first set of electrically conductive traces simplifies
fabrication of the head.                       (14,16,18,26,28,30) disposed
at an angle with It will be appreciated that a read/write head
respect to said longitudinal axis and separated typically includes two pole
pieces. In a head which      from said pole piece by one of said insulating
is used in vertical recording, typically only one pole   layers, and piece
will be surrounded by a coil. However, if a   10       a second set of
electrically conductive head is to be used in longitudinal recording, one
or     traces (20,22,24,32,34) disposed at an angle both pole pieces may be
surrounded by coils.             with respect to said longitudinal axis and
sepa- rated from said pole piece by the other one of Claims
said insulating layers, 15          wherein traces of said first and second
1. A head (10) for a magnetic storage device             sets of traces are
selectively interconnected comprising a pole piece (12) disposed along a
through said pair of insulating layers to form longitudinal axis (13) and
having a distal end       said solenoid. (74) adapted to be disposed
adjacent to a storage medium of the magnetic storage de-   20   5. The
magnetic head of claim 4 wherein said vice, and a plurality of electrically
insulating     first set of traces comprises a first plurality of layers
(40,42) having generally planar oppos-        generally planar traces
(14,16,18) disposed on ing surfaces, said pole piece being disposed
a surface of said one of said insulating layers, therebetween,
said second set of traces comprises a a plurality of electrically
conductive traces   25  second plurality of generally planar traces
(14,16,18,20,22,24) separated from said pole         (20,22,24) disposed on
a surface of said other piece (12) by said pair of insulating layers
one of said insulating layers, and (40,42) and selectively interconnected
by vias           said other one of said insulating layers and
(48,50,52,54,56) through said insulating layers      said first plurality
of traces and said second to form a solenoid around said pole piece,  30
plurality of traces being selectively intercon- characterised in that said
solenoid having a         nected  by  vias (48,54,50,56,52) disposed pair
of ends (70,72) disposed adjacent to a          through said pair of
insulating layers (40,42) to proximal end of said pole piece (12) and being
form said solenoid. continuous between said ends to provide a generally
helical path for the flow of energising   35   6. The head of claim 1
wherein said electrically current around said pole piece, a first portion
conductive traces are selectively intercon- (14,24,16,22,18) of said
generally helical path      nected to form a pair of solenoids, each one of
extending from said proximal end to a region         which is electrically
insulated from and dis- of said distal end of said pole piece, and a
posed around said pole piece, each one of second portion
(20,26,32,28,34,30) of said gen-   40  said pair of solenoids extending
from  said erally helical path returning from said region of    proximal
end to said distal end region, said said distal end to said proximal end
of said        solenoids being serially coupled together in pole piece (12)
whereby the second portion           said distal end region to provide a
path for the serves to increase the flux linkage between          round
trip flow of said energising current from said solenoid and said pole piece
(12) relative   45  said proximal end to said distal end region, to that
provided by the first portion to increase    and back to said proximal end,
all around said the sensitivity of the head 10.                      pole
piece. 2. The head of claim 1 wherein said pair of ends     7. The head of
claim 6 wherein: (70,72) are adapted to be connected to a sig-   so      A.
said first set of traces includes: nal source for supplying the energising
current           i. a first plurality of generally parallel to and
returning the energising current from               electrically conductive
traces (14,16,18) said solenoid.
disposed on an insulating substrate (36) in a first direction skewed with
respect to 3. The head of claim 2 wherein said plurality of  55
the axis; traces (14-34) are disposed at skewed direc-              ii. a
third layer of insulating material (38) tions with respect to the
longitudinal axis on             disposed  over said  first plurality of
opposing surfaces of said pair of insulating              traces; and 6
9                EP 0 324 005B1                       10 iii. a second
plurality of generally parallel   trically coupled together to provide both
said 



electrically conductive traces (26,28,30)        supply path and said
return path for the ener- disposed on said third insulating layer
gising current. (38) in a second direction skewed with respect to said
axis, the second direction    5   9. The head of claims 1,4 or 6 further
comprising being different from said first direction,       a second pole
piece disposed adjacent to said the traces of the second plurality of
at least one pole piece (12) and insulated from traces (26,28,30) having a
length that is        said traces. generally shorter than the lengths of
the traces of the first plurality of traces   10   10. The head of claim 9
wherein a proximal end of (14,16,18); and
said at least one pole piece is electrically B. said second set of traces
includes:             coupled to a proximal end of said second pole i. a
third plurality of generally parallel       piece. electrically conductive
traces (32,34) dis- posed on said second one of the pair of   15   11. The
head of claim 10 wherein a distal end of insulating layers (42) in a
direction skew-      said at least one pole piece is spaced closely ed with
respect to the axis and generally       to a distal end of said second pole
piece parallel to the first direction, the traces of  relative to a spacing
between said proximal the third plurality of traces (32,34) having     end
of said at least one pole piece and said a length similar to the length of
the   20       proximal end of said second pole piece. traces of the second
plurality of traces (26,28,30);                                  12. A
method of fabricating a head (10) for use in ii. a fourth layer of
insulating material        a magnetic storage device, the head being of
(44) disposed over said third plurality of      the kind that includes: a
pole piece (12) sup- traces (30,32); and                     25
ported by a substrate (36), disposed along a iii. a fourth plurality of
generally parallel   longitudinal axis (13), and having a distal end
electrically conductive traces (20,22,24)       (74) adapted to be disposed
adjacent to a disposed on said fourth insulating layer         storage
medium of the magnetic storage de- (44) in a direction skewed with respect
to       vice; and first and second electrically insulating the axis and
generally parallel to the sec-   30  layers (40,42) having generally planar
oppos- ond direction, the traces of the fourth         ing surfaces, said
pole piece being disposed plurality of traces (20,22,24) having a
therebetween, characterised in that said meth- length similar to the length
of the traces       od includes the steps of: of the first plurality of
traces (14,16,18).        depositing a first set of electrically conduc- 35
tive traces (14,16,18,26,28,30) at an angle with &  The head of claim 7
wherein                            respect to said axis (13) so that said
first set of an end of at least one of the traces of the       traces is
disposed between said substrate (36) third plurality of traces (32,34)
overlays an end     and said first insulating layer (40), of a trace of the
second plurality of traces              depositing a second set of
electrically con- (26,28,30),                                  40
ductive traces (20,22,24,32,34) over said sec- an end of at least one of
the traces of the       ond insulating layer (42) at an angle with re-
fourth plurality of traces (20,22,24) overlays an     spect to said axis,
and end of a trace of the first plurality of traces          selectively
interconnecting traces of said (14,16,18),
first and second sets of traces through said an end of a trace (20) of the
fourth plurality   45  insulating  layers  by   means  of  vias of traces
(20,22,24) overlays an end of a trace       (48,54,50,56,52,66,60,64,58,62)
to form a pair (26)  of the  second  plurality  of traces            of
serially coupled solenoids that are each (26,28,30), and
electrically insulated from and disposed around each  overlaying  end
being  electrically        said pole piece (12), each of said solenoids
coupled to a respective underlaying end there-   so   extending from said
proximal end of said pole by to form said pair of solenoids, a first one of
piece to a region of a distal end (74) of said the pair of solenoids
comprising the traces of        pole piece, said solenoids being serially
coup- the first and fourth plurality of traces (14-24)     led together in
said region of said distal end to and a second one of the pair of solenoids
provide a generally helical path for the round comprising the traces of the
second and third   55   trip flow of energising current from said proxi-
plurality of traces (26-34), with the second so-      mal end to said
region of said distal end (74), lenoid being generally interior of the
first sole-    and back to said proximal end, all around said noid and the
first and second coils being elec-       pole piece (12) whereby the
connection of the 7    11              EP 0 324 005 B1
12 solenoids serves to increase the flux linkage         15. The method of
claim 12 wherein said first set 



between said pole piece and said solenoids               of traces
(14,16,18,26,28,30) collectively com- relative to that provided by one of
said sole-            prise a first trace portion and said second set noids
to increase the sensitivity of the head 10.        of traces
(20,22,24,32,34) collectively comprise 5        a second trace portion,
said step of intercon- 3. The method of claim 12 wherein said vias (48-
necting further including producing vias be- 66) are produced using laser
radiation.                  tween ends of said. traces of said first trace
portion and ends of said traces of said second 14. The method of claim 13
wherein:                          trace portion. A. The step of depositing
the first set of   10 traces (14,16,18,26,28,30) comprises
16. The method of claim 15 wherein said first and i. depositing a first
plurality of generally        second trace portions each includes a
plurality parallel electrically  conductive  traces           of traces,
said second trace portion being de- (14,16,18) on said substrate (36) in a
first        posited so that an end of at least one of said direction
skewed with respect to the ion-   is      traces of said second trace
portion overlays an gitudinal axis (13),                                end
of a trace of said first trace portion. ii. depositing a third layer (38)
of insulat- ing material over said first plurality of       17. The method
of claim 15 wherein: traces (14,16,18), and
A. the step of depositing the first trace iii. depositing a second
plurality of gen-   2o        portion includes the steps of: erally
parallel  electrically  conductive                i. depositing a first
plurality of generally traces (26,28,30) on said third insulating
parallel  electrically-conductive  traces layer (38) in a second, different
direction              (14,16,18) on said substrate in a first skewed with
respect to the longitudinal                   direction skewed with respect
to the axis; axis (13);                                25             ii.
depositing a third layer of insulating B. the step of depositing the second
set of                 material (38) over said first plurality of traces
(20,22,24,32,34) comprises                           traces (14,16,18); and
i. depositing a third plurality of generally             iii. depositing a
second plurality of gen- parallel  electrically  conductive  traces
orally  parallel  electrically  conductive (32,34) on said second
insulating layer   3o             traces (26,28,30) on said third
insulating (42) in the first direction, and aligning                layer
(38) in a second direction skewed ends of the traces of the third plurality
of             with respect to said axis, the second traces (22,34) with
ends of the traces of                 direction being different from  said
first the second plurality of traces (26,28,30).                direction,
the traces of the second plural- ii. depositing a fourth layer of
insulating    35        ity of traces (26,28,30) having a length material
(44) over the third plurality of                that is generally shorter
than the lengths traces (32,34), and
of the traces of the first plurality of traces iii. depositing a fourth
plurality of gen-                (14,16,18); and orally  parallel
electrically  conductive             B. said step of depositing the second
trace traces (20,22,24) over the fourth insulat-   40        portion
(20,22,24,32,34) includes the steps ing layer (44) in the second direction,
of: aligning ends of the traces of the fourth                i. depositing
a third plurality of generally plurality of traces (20,22,24) with ends of
parallel  electrically-conductive  traces the traces of the first plurality
of traces               (32,34) on said second insulating layer (14,16,18),
and aligning an end of a trace   45          (42) in a direction skewed
with respect to (20) of the fourth  plurality of traces
the axis and generally parallel to the first (20,22,24) with an end of a
trace (26) of                direction, the traces of the third plurality
the second plurality of traces (26,28,30);                of traces (32,34)
having a length similar and
to the length of the traces of the second C. the interconnecting step
comprises inter-  so            plurality of traces (26,28,30); connecting
the respective aligned ends (48-                 ii. depositing a fourth
layer of insulating 66) of the traces, thereby to form said pair
material (44) over said third plurality of of serially coupled solenoidal
coils disposed               traces (32,34); and around the pole piece
(12), a first one of                  iii. depositing a fourth plurality of
gen- said coils comprising traces of the first and    55         erally
parallel  electrically  conductive fourth plurality of traces and a second
one                 traces (20,22,24) on said fourth insulating of said
coils comprising traces of the sec-                 layer (44) in a
direction skewed with re- ond and third plurality of traces.
spect to the axis and generally parallel to 8    13              EP 0 324
005 B1                     14 the second direction, the traces of the
to said axis and said second set of traces 



fourth plurality of traces (20,22,24) having    (20,22,24) are deposited in
a second, different a length similar to the length of the           skewed
direction with respect to said axis so traces of the first plurality of
traces         that ends of traces of said second set overlay (14,16,18).
5       ends of traces of said first set, and further comprising the steps
of: 18. The method of claim 17 wherein an end of at              depositing
a third electrically insulating least one of the traces of the third
plurality of    layer (38) over said first set of traces, and traces
(32,34) overlays an end of a trace of the     depositing a third set of
electrically conductive second plurality of traces (26,28,30), and an   10
traces (26,28,30) in said second skewed direc- end of at least one of the
traces of the fourth      tion between said third insulating layer (38)
plurality of traces (20,22,24) overlays an end of    and said pole piece
(12), said third set of a trace of the first plurality of traces
(14,16,18),  traces being deposited so that an end of one and further that
an end of at least one of the       of the traces (26) of said third set
(26,28,30) is traces (20) of the fourth plurality of traces   15   overlaid
by an end of one of the traces of said (20,22,24) overlays an end of a
trace (26) of        second set (20), the second plurality of traces
(26,28,30), the           depositing a fourth electrically insulating
interconnecting  step comprising electrically        layer (44) over said
pole piece, and depositing coupling each overlaying end to a respective
a fourth set of electrically conductive traces underlaying end thereby to
form said pair of  20     (32,34) in said first skewed direction between
solenoidal coils, a first coil comprising the        said fourth insulating
layer (44) and said sec- traces from the first and fourth plurality of
ond insulating layer (42), said fourth set of traces (14-24) and the second
coil comprising        traces being deposited so that ends of traces the
traces from the second and third plurality       of said fourth set overlay
ends of traces of said of traces (26-32), the first and second coils  25
third set (26,28,30), and being serially coupled together in said region
applying laser radiation to produce vias of said distal end to provide a
path for the         (48-66) between the respective overlaying round trip
flow of energising current from said      ends of said traces and
electrically coupling proximal end to said distal end region, and
said respective overlaying ends to form said back to said proximal end, all
around said pole  3o  pair of solenoids, one of said solenoids com- piece.
prising the traces of said first and second sets of traces and the other
one of said solenoids 19. The method of claim 15 wherein said vias (48-
comprising the traces of said third and fourth 62) are produced using laser
radiation, the first    sets of traces. and second trace portions (14-34)
being reflec-   35 tive and the first and second insulating layers  21. The
method of claims 12,15 or 20 further com- (40,42) being non-reflective at
the wavelengths      prising disposing a second pole piece adjacent of the
laser radiation, the step of producing        to said at least one pole
piece (12) and in- said vias comprising
sulated from said traces. A. placing a reflective mask over the loca-   40
tions where the vias (48-62) are to be         22. The method of claim  21
further comprising formed, the mask defining apertures at the
electrically coupling a proximal end of said at locations where the vias
are to be formed          least one pole piece to a proximal end of said
over the trace portion,                            second pole piece. B.
illuminating the mask with the laser radi-  45 ation to remove insulating
material exposed    23. The method of claim  21 further comprising by said
apertures to expose selected points       spacing a distal end of said at
least one pole of said trace portion, such that when the          piece
close to a distal end of said second pole insulating material exposed by
the apertures       piece relative to a spacing between said proxi- is
removed sufficiently to expose the trace   50   mal end of said at least
one pole piece and portion, the trace portion stops the laser        said
proximal end of said second pole piece. radiation, thereby to form
recesses; and C. depositing conductive material in the re-
PatentansprUche cesses. 55   1. Kopf (10) far eine magnetische Speichervor-
20. The method of claim 12 wherein said first set        richtung mit einem
Polschuh (12), der entlang of traces (14,16,18) are deposited to be dis-
einer LAngsachse (13) angeordnet ist und ein posed in a first skewed
direction with respect       distales Kopfende (74) aufweist, das dazu an-
9    15   EP 0 324 005 B1           16 gepa~t ist, angrenzend an ein
Speichermedium       und von dem Polschuh durch die andere der 



der magnetischen Speichervorrichtung ange-         isolierenden Schichten
getrennt sind, ordnet zu werden und elner VieIzahl elektrisch     wobel die
Spuren des ersten und zweiten Spu- igolierender Schichten (40, 42), die im
alige-     rensatzes selektiv miteinander Ober das isolie- meinen planar
gogen~berliegende Oberflachen   5    rende Schichtenpaar verbunden sind, um
die aufweisen. zwischen denen der Polschuh an-         Spule zu bilden.
geordnet ist, einer Vielzahl elektrisch leitender Spuren (14, 16, 18, 20,
22, 24), die von dem   5. Magnetischer Kopf nach Anspruch 4, Polschuh (12)
durch ein Paar isolierender          wobei Schichten (40, 42) getrennt sind
und selektiv  lo  der erste Spurensatz eine erste VieIzahI von mittels
Durchkontakten (48, 50, 52, 54, 56)        im aligemeinen planaren Spuren
(14, 16, 18) durch die isolierenden Schichten hindurch ver-     umfaBt, die
auf einer Oberflache von einer der bunden sind, urn eine Spule urn den
Polschuh       isolierenden Schichten angeordnet sind, herurn zu bilden.
dadurch gekennzeichnet, daB      der zweite Spurensatz eine zweite Vielzahl
von die Spule ein AnschluBendenpaar (70, 72), das   is  im aligemeinen
planaren Spuren (20, 22, 24) angrenzend an ein proximales FuBende des
umfalt, die auf der Oberflache der anderen Polschuhs (12) angeordnet ist,
aufweist und        der isolierenden Schichten angeordnet sind sich
zwischen den Anschlulenden fortsetzt,         und um einen gew6hnlich
spiralformigen Weg fOr         diese andere der isolierenden Schichten und
den FluB des Erregerstroms um den Polschuh   20    die erste VieIzahl von
Spuren und die zweite herurn bereitzustellen, wobei sich ein erster
Vielzahl von Spuren selektiv untereinander mit- Abschnitt (14, 24, 16, 22,
18) des gewohnlich      tels Durchkontakten(48, 54, 50, 56, 52), die zur
spiralf6rmigen Weges von dem proximalen Fu-        Ausbildung der Spule
durch das isolierende Bende bis zu einern Bereich des distalen Kopf-
Schichtenpaar (41, 42) hindurch angeordnet endes des Polschuhs erstreckt
und ein zweiter  25  sind, verbunden sind. Abschnitt (20, 26, 32, 28, 34,
30) des gewohn- lich spiralf6rmigen Weges von dem Bereich       6. Kopf
nach Anspruch 1, wobei die elektrisch des distalen Kopfendes zu dem
proximalen           leitenden Spuren selektiv untereinander ver- Fulende
des Polschuhs (12) zurlckfUhrt, wo-        bunden sind, um ein Spulenpaar
zu bilden, bei der zweite Abschnitt dazu dient, die FluB-  30  jede
einzelne Spule davon ist elektrisch vom kopplung zwischen der Spule und dem
Pol-           Polschuh isoliert und rund urn ihn angeordnet, schuh (12) zu
steigern im Verhaltnis zu der        wobei jede einzelne Spule des
Spulenpaares durch den ersten Abschnift bereitgestellten        sich von
dem proximalen Fu~ende zurn Be- Steigerung der Empfindlichkeit des Kopfes
reich des distalen Kopfendes erstreckt und die (10).
35       Spulen im Bereich des distalen Kopfendes in Reihe
zusammengeschaltet sind, urn einen 2. Kopf nach Anspruch 1, wobei das
AnschluBen-         Weg fOr ein Umstr6men des Erregerstroms denpaer (70,
72) zum Verbinden mit einer Si-       urn den Polschuh herum vorn
proximalen Fu- gnalquelle zurn ZufUhren des Erregerstroms         Bende
zurn Bereich des distalen Kopfendes und zurn RUckfUhren das Erregerstroms
far die  40  und zurOck zurn proximalen FuBende bereitzu- Spule angepafit
ist.                               stellen. 3. Kopf nach Anspruch 2, wobei
die Vielzahl von    7. Kopf nach Anspruch 6, wobei Spuren (14-34) in Bezug
auf die Langsachse in         A. der erste Spurensatz einschlieBt: schrigen
Richtungen auf den gegenOberlie-  45          i. eine erste Vielzahl von im
aligemeinen genden Oberflichen des isolierenden Schich-
parallelen elektrisch leitenden Spuren tenpaares angeordnet sind.
(14, 16, 18), die auf einem isoliarenden Substrat (36) in einer ersten in
Bezug auf 4. Kopf nach Anspruch 1, wobei die VieIzahl der             die
Achse schragen Richtung angeordnet elektrisch leitenden Spuren einschlieet:
50           sind, einen ersten Satz elektrisch leitender Spuren
ii. eine dritte Schicht von isolierendem (14, 16, 18, 26, 28, 30), die in
einem Winkel in        Material (38), die Ober der ersten Vielzahl Bezug
auf die L~ngsachse angeordnet sind                von Spuren aufgebracht
ist und und von dem Polschuh durch eine der isolie-            iii. eine
zweite Vielzahl von im aligemei- renden Schichten getrennt sind und
55           nen elektrisch leitenden Spuren (26, 28, einen zweiten Satz
elektrisch leitender Spuren          30), die auf der dritten isolierenden
(20, 22, 24, 32, 34), die in einern Winkel in           Schicht (38) in
einer zweiten in Bezug Bezug auf die Langsachse angeordnet sind
auf die Achse schragen Richtung ange- 10    17      EP 0 324 005 B1     18
ordnet sind, wobei die zweite Richtung        um sowohl die ZufUhrung als
auch die ROck- unterschiedlich zur ersten Richtung ist       fUhrung fOr
den Erregerstrom bereitzustellen. 



und die Spuren der zweiten Vielzahl von Spuren (26, 28, 30) eine Lange
aufwei-     9. Kopf nach den Ansprachen 1, 4 oder 6, der sen, die im
aligemeinen kUrzer als die   5    weiterhin einen zweiten Polschuh umfaft,
der LAnge der Spuren der ersten Vielzahl          anliegend an den
zumindest einen Polschuh von Spuren (14, 16, 18) ist und               (12)
angeordnet ist und von den Spuren isoliert B. der zweite Spurensatz
einschlieft:           ist. i. eine dritte Vielzahl von im aligemeinen
parallelen elektrisch  leitenden Spuren   10  10. Kopf nach Anspruch 9,
wobei ein proximales (32, 34), die auf dem zweiten Paar von        FuBende
von dem zumindest einen Polschuh isolierenden Schichten (42) in einer in
elektrisch mit einem proximalen FuBende des Bezug auf die Achse schragen
Richtung         zweiten Polschuhs verbunden ist. und im aligemeinen
parallel zu der ersten Richtung angeordnet sind, wobei die  15  11. Kopf
nach Anspruch 10, wobei ein distales Spuren der dritten Vielzahl von Spuren
Kopfende des zumindest einen Polschuhs (32, 34) eine ahnliche Lange wie die
nahe beabstandet ist von einem distalen Kop- Lange der Spuren der zweiten
Vielzahl         fende des zweiten Polschuhs relativ zum Ab- von Spuren
(26, 28, 30) aufweigen,            stand zwischen dem proximalen Fulende
des ii. eine vierte Schicht von isolierendem   20  zumindest einen
Polschuhs und dom proxima- Material (44) Uber der dritten Vielzahl von
len Fufende des zweiten Polschuhs. Spuren (30, 32) aufgebracht ist und iii.
eine vierte Vielzahl von im allgemoi-  12. Vorfahren Zur Herstellung eines
Kopfes (10) nen parallelen elektrisch leitenden Spu-      zur Verwendung in
einer magnetischen Spei- ron (20, 22, 24), die auf der vierten isolie-  25
chervorrichtung, wobei der Kopf derart ist, daB renden Schicht (44) in
einer in Bezug auf     er enthilt: die Achse schragen Richtung und im all-
oinen Polschuh (12), der von einem Substrat gemeinen parallel zu der
zweiten Rich-        (36) unterstdtzt wird und der entlang einer tung
angeordnet sind, wobei die Spuren        Langsachse (13) angeordnet ist und
ein dista- der vierten Vielzahl von Spuren (20, 22,  so  les Kopfende (74)
aufweist, das dazu angepaUt 24) eino ahnliche Lange wie die Langen
ist, angrenzend an ein Speichermedium der der Spuren der ersten Vielzahl
von Spu-       magnetischon Speichervorrichtung angeordnet ron (14, 16, 18)
aufweison.                   zu werden, und erste und zweite elektrisch
isolierende Schichten (40, 42), die im aligemei- 8. Kopf nach Anspruch 7,
wobel                S5       nen gegenUberliegende planare Oberflachen ein
Ende von mindestens einer der Spuren der       aufweisen, Zwischen denen
der Polschuh an- dritten Vielzahl von Spuren (32, 34) ein Endo
geordnet ist, dadurch gekennzeichnot, daB das einer Spur der zweiten
Vielzahl von Spuren         Verfahren die Verfahrensschritte onthalt: (26,
20, 30) Uberlagert,                            Abscheiden eines ersten
Satzes elektrisch lei- ein Ende von mindestens einer der Spuren der  4o
tender Spuren (14, 16, 18, 28, 28, 30) in einem vierten Vielzahl von Spuren
(20, 22, 24) ein       Winkel in Bezug auf die Achse (13), so daB der Ende
einer Spur der ersten Vielzahl von Spu-       erste Spurensatz zwischen dem
Substrat (36) ron (14, 16, 18) Oberlagert,                       und der
ersten isolierenden Schicht (40) ange- ein Ende einer Spur (20) der vierten
Vielzahl      ordnet ist, von Spuren (20,22, 24) ein Ende einer Spur  45
Abscheiden eines zweiten Satzes elektrisch lei- (26) der zweiten Vielzahl
von Spuren (26, 28,      tender Spuren (20, 22, 24, 32, 34) Ober der 30)
Uberlagert und                                 zweiten isolierenden Schicht
(42) in einem jedes Uberlagernde Endo elektrisch mit einem       Winkel in
Bezug auf die Achse und entsprechenden darunter liegenden Ende ver-
selektives Verbinden der Spuren des ersten bunden ist, wodurch zur Bildung
des Spulen-  5o    und zweiten Spurensatzes mittels Durchkontak- paares
eine erste Spule des Spulenpaares die       ten (48, 54, 50, 56, 52, 66,
60, 64, 58, 62) Spuren der ersten und vierten Vielzahl von         durch
die isolierenden Schichten hindurch, um Spuren (14-24) umfaSt und eine
zweite Spule        oin Spulenpaar von in Reihe verbundenen des
Spulenpaares die Spuren der zweiten und        Spulen zu bilden, daB jede
elektrisch isoliert dritten Vielzahl von Spuren (26-34) umfaBt, wo-  55
vom Polschuh (12) und um ihn herum ange- bei die zweite Spule im
aligerneinen innerhalb     ordnet ist, wobei sich jede der Spulen vom der
ersten Spule ist und die erste und zweite      proximalen FuBende des
Polschuhs bis zu ei- Spule elektrisch miteinander verbunden sind,       nem
Bereich des distalon Kopfendes (74) des 11    19                 EP 0 324
005 B1                   20 Polschuhs erstreckt und die Spulen im Bereich
(20, 22, 24) mit einem Ende einer Spur des distalen Kopfendes in Reihe
miteinander             (26) der zweiten Vielzahl von Spuren (26, 



verbunden sind, um einen im allgemeinen spi-            28, 30), und
ralformigen Weg fOr die Umstromung des Er-            C. der
Verbindungsschritt des Verbinden regerstroms rund um den Polschuh (12)
herum    6      der entsprechend  ausgerichteten  Enden von dem  proximalen
FuBende zum  Bereich             (48-66) der Spuren umfaBt, wodurch das in
des distalen Kopfendes (74) und zur~ck zum            Reihe geschaltete
solenoidale Spulenpaar proximalen Fulende, wobei die Verbindung dar
gebildet wird, das um den Polschuh herum Spulen dazu dient, die
FluBkopplung zwischen          angeordnet ist (12), wobei eine erste der
dem Polschuh und der Spule zu steigern im   10        Spulen die Spuren der
ersten und vierten Verhaltnis zu der durch eine der beiden Spu-
Vielzahl von Spuren umfaBt und elne zweite len bereitgestellten Steigerung
der Empfind-          der Spulen die Spuren der zweiten und lichkeit des
Kopfes (10).                             dritten VieIzahl von Spuren
umfaBt. 13. Verfahren nach Anspruch 12, wobel die Durch-  15  15. Verfahren
nach Anspruch 12, wobei der erste kontakte (48-66) unter Verwendung von
Laser-       Spurensatz (14, 16,18, 26, 28, 30) gemeinsam strahlen
hergestellt werden.                       einen ersten Spurenabschnitt
umfaBt und der zweite Spurensatz (20, 22, 24, 32, 34) gemein- 14. Verfahren
nach Anspruch 13, wobel                  sam  einen zweiten Spurenabschnitt
umfaft, A. der Abscheideschritt des ersten Spuren-  20   wobel der
Verbindungsschritt weiterhin ein- satzes (14, 16, 18, 26, 28, 30) umfaft:
schlieft, Durchkontakte zwischen den Enden i. Abscheiden einer ersten
Vielzahl von       der Spuren des ersten Spurenabschnitts und im
aligemeinen parallelen elektrisch lei-     den Enden der Spuren des zweiten
Spurenab- tenden Spuren (14, 16, 18) auf dem Sub-       schnitts
herzustellen. strat (36) in einer ersten in Bezug auf die  25 LAngsachse
(13) schrigen Richtung.         16. Verfahren nach Anspruch 15, wobei der
erste ii. Abscheiden einer dritten Schicht (38)     und zwelite
Spurenabschnitt jeweils eine Viel- von isolierendem Material Ober der er-
zahl von Spuren enth~lt, und der zweite Spu- sten Vielzahl von Spuren (14,
16, 18) und     renabschnitt so angeordnet ist, daB ein Ende iii.
Abscheiden einer zweiten Vielzahl von   30  von mindestens einer Spur des
zweiten Spu- im aligemelnen parallelen elektrisch lei-     renabschnitts
ein Ende einer Spur des ersten tenden Spuren (26, 28, 30,)auf der dritten
Spurenabschnitts Uberlagert. isolierenden Schicht (38) in einer zweiten in
Bezug auf die Langsachse (13) unter-    17. Verfahren nach Anspruch 15,
wobei schiedlichen, schragen Richtung .     35         A. der
Verfahrensschritt der Abscheidung B. der Abscheideschritt des zweiten
Satzes         des ersten Spurenabschnitts die Schritte von Spuren (20, 22,
24, 32, 34 ) umfaBt:           umfaBt: i. Abscheiden einer dritten Vielzahl
von           i. Abscheiden einer ersten Vielzahl von im allgerneinen
parallelen elektrisch lei-         im allgemeinen parallelen elektrisch
lei- tenden Spuren (32,34) auf der zweiten   40         tenden Spuren (14,
16, 18) auf dem Sub- isolierenden Schicht (42)in der ersten
strat in einer ersten in Bezug auf die Richtung und Ausrichten der Enden
der              Achse schrigen Richtung. Spuren der dritten Vielzahl von
Spuren             ii. Abscheiden einer dritten Schicht von (22, 34) mit
den Enden der Spuren der              isollerendem Material (38) Ober der
er- zweiten Vielzahl von Spuren (26, 28, 30)   45      sten Vielzahl von
Spuren (14,16,18) und ii. Abscheiden einer vierten Schicht von
iii. Abscheiden einer zweiten Vielzahl von isolierendem Material (44) Uber
der drit-          im allgemeinen parallelen elektrisch lei- ten Vielzahl
von Spuren (32, 34) und               tenden Spuren (26, 28, 30) auf der
drit- iii. Abscheiden einer vierten Vielzahl von         ten isolierenden
Schicht (38) in einer irm allgemeinen parallelen elektrisch lei-  so
zweiten in Bezug auf die Achse schr~gen tenden Spuren (20, 22, 24) auf der
vier-           Richtung, wobei die zweite Richtung un- ten isolierenden
Schicht (44) in die zwei-         terschiedlich von der ersten Richtung ist
te Richtung, Ausrichten der Enden der              und die Spuren der
zweiten Vielzahl von Spuren der vierten Vielzahl von Spuren
Spuren (26, 28, 30) eine Lange aufwei- (20, 22, 24) mit den Enden der
Spuren   55         sen, die im allgemeinen klrzer ist als die der ersten
VieIzahl von Spuren (14, 16,            Langen der Spuren der ersten
Vielzahl 18) und Ausrichten eines Endes einer               von Spuren (14,
16, 18) und Spur (20) der vierten Vielzahl von Spuren 12    EP 0 324 005 B1
22 B. der Verfahrensschritt der Abscheidung     19. Verfahren nach Anspruch
15, wobei die Durch- des zweiten Spurenabschnitts (20, 22, 24,
kontakte (48-62) unter Verwendung von Laser- 



32, 34) die Schritte umfaBt:                     strahlen hergestellt
werden und die ersten und i. Abscheiden einer dritten Vielzahl von
zweiten Spurenabschnitte (14-34) reflektierend im aligemeinen parallelen
elektrisch lei-   5  und die ersten  und zweiten isolierenden Q_;
tenden Spuren (32, 34) auf der zweiten         Schichten (40, 42) nicht
reflektierend bei den isolierenden Schicht (42) in einer in Be-
WellenlIngen der Laserstrahlen sind und der zug auf die Achse schragen
Richtung           Verfahrensschritt der Herstellung der Durch- und im
aligemeinen parallel zu der ersten     kontakte umfalt: Richtung, wobei die
Spuren der dritten   i0      A. Positionieren einer reflektierenden Maske
Vielzahl von Spuren (32, 34) eine Shnri-         aber den Bereichen, an
denen die Durch- che Lnge aufweisen, wie die Lange der           kontakte
(48-62) gebildet werden, wobei die Spuren der zweiten Vielzahl von Spuren-
Maske bei Bereichen, an denen die Durch- (26, 28, 30),
kontakte auf dern Spurenabschnitt zu bilden ii. Abscheiden einer vierten
Schicht von   i5   sind, Offnungen definiert, isolierendem Material (44)
Uber der drit-        B. Bestrahlen der Maske mit den Laser- ten Vielzahl
von Spuren (32, 34) und             strahlen, um isolierendes Material zu
entfer- iii. Abscheiden einer vierten Vielzahl von       nen, das durch die
Offnungen bestrahit im allgemeinen parallelen elektrisch lei-        wird,
um selektive Punkte der Spurenab- tenden Spuren (20, 22, 24) auf der vier-
20     schnitte so freizulegen, daB, wenn das iso- ten isolierenden Schicht
(44) in einer in       lierende Material, das durch die Offnungen Bezug auf
die Achse schralgen Richtung           bestrahit wird, ausreichend entfemt
ist, um und im aligerneinen parallel zu der zwei-        den
Spurenabschnitt freizulegen, der Spu- ten Richtung, wobei die Spuren der
vier-        renabschnitt die Laserstrahlen stoppt, um ten Vielzahl von
Spuren (20, 22, 24) eine   25   dadurch Aussparungen zu bilden und 3hnliche
Ldnge nie die LAnge der Spu-            C. Abscheiden von leitandenm
Material in ren der ersten Vielzahl von Spuren               den
Aussparungen. (14,16,18) aufweisen. 20. Verfahren nach Anspruch 12, wobei
der erste 18 Verfahren nach Anspruch 17, wobei ein Ende   3o     Spurensatz
(14, 16, 18) abgeschieden wird, von mindestens einer der Spuren der dritten
um in einer ersten in Bezug auf die Achse Vielzahl von Spuren (32, 34) ein
Ende einer        schragen Richtung angeordnet zu werden und Spur der
zweiten Vielzahl von Spuren (26, 28,      der zweite Spurensatz (20, 22,
24) in einer 30) Oberlagert und ein Ende von mindestens         zweiten in
Bezug auf die Achse unterschiedli- einer der Spuren der vierten Vielzahl
von Spu-  35  chen schrigen  Richtung so abgeschieden ren (20, 22, 24) ein
Ende einer Spur der ersten    wird, daB sich Enden der Spuren des zweiten
Vielzahl von Spuren (14, 16, 18) Uberlagert und    Satkes mit Enden der
Spuren des ersten Sat- weiterhin ein Ende von mindestens einer der
zes Uberlagern und wobei es weiterhin die Spuren (20) der vierten Vielzahl
von Spuren        Schritte umfaft: (20, 22, 24) ein Ende einer Spur (26)
der  4o      Abscheiden einer dritten isolierenden Schicht zweiten Vielzahl
von Spuren (26, 28, 30) lber-     (38) Ober dem ersten Spurensatz und
Abschei- lagert, wobei der Schritt zurn Zusammenschal-      den eines
dritten Satkes elektrisch leitender ten umfalt: elektrisches Verbinden
jedes Ober-     Spuren (26, 28, 30) in der zweiten schr~gen lagernden Endes
mit dam entsprechenden dar-        Richtung zwischen der dritten
isolierenden unter liegenden Ende, wodurch zum  Bilden   45     Schicht
(38) und dem Polschuh (12), wobei der des solenoidalen Spulenpaares eine
erste Spu-      dritte Spurensatz so abgeschieden wird, daB le die Spuren
der ersten und der vierten Viel-     ein Ende von einem der Spuren (26) des
drit- zahl von Spuren (14-24) umfaft und die zweite      ten Satkes *(26,
28, 30) durch ein Ende von Spule die Spuren der zweiten und dritten Viel-
einem der Spuren des zweiten Satzes (20) zahl von Spuren (26-32) umfaSt und
die erste  6o   Uberlagert wird. und zweite Spule in dern Bereich des
distalen      Abscheiden einer vierten elektrisch isolieren- Kopfendes in
Reihe zusamrnmengeschaltet wer-       den Schicht (44) Uber dem Polschuh
und Ab- den, um fOr die Umstrdmung des Erregerstro-        scheiden eines
vierten Satzes von elektrisch mes rund um  den Polschuh herum  einen
leitenden Spuren (32, 34) in der ersten schr3- Strompfad von dam proximalen
FuBende zu   56       gen Richtung zwischen der vierten isolierenden dem
Bereich des distalen Kopfendes und zu-         Schicht (44) und der zweiten
isolierenden rOck zu dem proximalen FuBelnde bereitkustel-      Schicht
(42), wobei der vierte Spurensatz so len.
abgeschieden wird, daB sich Enden der Spu- 13    23            EP 0 324 005
B1                   24 ren des vierten Satzes mit Enden der Spuren
piece polaire, une premibre partie (14, 24, 16, des dritten Satzes (26, 28,
30) Oberlagern und     22, 18) dudit chemin generalement hdlicoTdal 



Anwenden von Laserstrehlen, um Durchkontak-        s'etendant depuis ladite
extremite proximale to (48-66) zwischen don entsprechenden sich
jusqu'a une region de ladite extrdmite distale Oberlagernden Enden der
Spuren herzustellen   5    de ladite pibce polaire, et une seconde partle
und elektrisches Verbinden der entsprechen-        (20, 26, 32, 28, 34, 30)
dudit chemin gen6rale- den sich Uberlagernden Enden, um das Spu-
ment h6licoTdal revenant de ladite region de lenpaar zu bilden, woboi eine
der Spulen die       ladite extremite distale vers ladite extremite Spuren
des ersten und zweiten Spurensatzes         proximale de ladite pibce
polaire (12), la se- umfaBt und die andere der Spulen die Spuren   io
conde partie servant & augmenter le couplage des dritten und vierten
Spurensatzes umfaBt.       inductif entre ledit solenoTde et ladito pikce
polaire (12) par rapport & celui qui est assure 21. Verfahren nach Anspruch
12, 15 oder 20, das        par la premibre partie pour augmenter la sensi-
weiterhin ein Abschoiden einen zweiten Pol-        bilit de la tote (10).
schuhs angrenzend an zumindest einen Pol-  is schuh (12) und isoliert von
den Spuren umfaft.  2. Tfte solon la revendication 1, dans laquelle ladite
paire d'extremit~s (70, 72) sont adaptoes 22. Verfahren nach Anspruch 21,
das weiterhin ein      pour Otre relides A une source de signaux pour
elektrigches Verbinden eines proximalen Fu-        foumir le courant
d'excitation audit solknoTde Bendes von dem  zumindest einen Polschuh   2o
et le renvoyer depuis ce dernier. KJi    mit einem  proximalen FuBende des
zweiten Polschuhs umfalt.                              3. T~te solon la
revendication 2, dans laquelle ladite multiplicite de traces (14-34) sont
dispo- 23. Verfahren nach Anspruch 21, das weiterhin ein      seos dans des
directions obliques par rapport Beabstanden eines distalen Kopfendes des
zu-  2n   A l'axe longitudinal sur des surfaces oppos6es mindest einen
Polschuhs eng zu einem dista-        de ladite paire de couches isolantes.
Ion Kopfende des zweiten Polschuhs relativ zu einem Abstand zwischen dem
proximalen Fu-       4. TOte solon la revendication 1, dans laquolle Bende
des zumindest einen Polschuhs und des        ladite multiplicite de traces
electriquement proximalen Endes des Zweiten Poischuhs um-   30
conductrices comprend: fa~t.
un premier ensemble de traces electrique- ment conductrices (14, 16, 18,
26, 28, 30) Revendlcations
disposees suivant un angle par rapport audit axe longitudinal et separdes
de ladite plice 1. TMte (10) pour dispositif d'enregistrement ma-  35
polaire par l'une desdites couches isolantes, et gn6tique comprenant une
pice polaire (12)             un second ensemble de traces electrique-
disposee suivant un axe longitudinal (13) et       ment conductrices (20,
22, 24, 32, 34) dispo- ayant une extremite distale (74) adapt6e pour
sees suivant un angle par rapport audit axe 8tre dispos6e a proximite d'un
support d'enre-     longitudinal et separ6es de ladite piece polaire
gistrement du dispositif d'enregistrement ma-  40  par l'autre desdites
couches isolantes, gnetique, et une paire de couches electrique-
dans laquelle des traces desdits premier ment isolantes (40, 42) ayant des
surfaces         et second ensembles de traces sont intercon- opposees
generalement planes, ladite pikce         nectees s6lectivement A travers
ladite paire de polaire 6tant disposeo entre elles,                couches
isolantes pour former ledit soldnordo. une multiplicite de traces
dlectriquement  45 conductrices (14, 16, 18, 20, 22, 24) separees  5. TMte
magnetique solon la revendication 4, de ladite pice polaire (12) par ladite
paire de    dans laquelle ledit premier ensemble de traces couches
isolantes (40, 42) et interconnectees      comprend une promibre
multiplicite de traces selectivement par des passages (48, 50, 52,
g6neralement planes (14, 16, 18) disposees 54, 56) a travers lesdites
couches isolantes  so   sur une surface de ladite premibre couche pour
former un solenoTde autour de ladite pie-     isolante, ce polaire,
caracterisee en ce quo ledit sol4-        ledit second ensemble de traces
corn- nofdo a une paire d'extremitds (70, 72) dispo-     prend une seconde
multiplicite de traces gene- s6es & proximite d'une extr6mite proximale de
ralement planaires (20, 22, 24) disposees sur ladite pibce polaire (12) et
s'6tend de fagon   5s  une surface de ladite autre couche isolante, et
continue entre lesdites extrdmitds pour consti-       ladite autre couche
isolante et ladite pre- tuer un chemin g6n6ralement helicoTdal pour le
mibre multiplicite de traces et ladite seconde flux de courant d'excitation
autour de ladite      multiplicit4 de traces 6tant interconnectees s6- 14
25                 EP 0 324 005 B1                    26 lectivement par
des passages (48, 54, 50, 56,           traces (32, 34) dtant d'une
longueur simi- 52) disposeos a travers ladito paire de cou-
laire & la longueur des traces de la se- 



ches isolantes (40, 42) pour former ledit sold-          condo multiplicite
de traces (26, 28, 30); noTde.
ii. une quatrieme couche de matiere iso- 5            lante (44) disposee
au-dessus de ladite ,6. Tts selon la revendication 1, dans laquelle
troisibme multiplicite de traces (30, 32); lesdites traces electriquement
conductrices              et sont interconnectees sdlectivement pour for-
iii. une quatribme multiplicite de traces mer une paire de solenotdes, dont
chacun est             olectriquement conductrices generale- ilectriquement
isole de ladite pikce polaire et  to      ment parallbles (20, 22, 24)
disposees dispose autour de cette dernibre, chaque sold-           sur
ladite quatribme couche isolante (44) noTde de ladite paire de soldnotdes
sdtsndant            dans une direction oblique par rapport a depuis ladite
extrdmitd proximale jusqu'& ladite        l'axe et gdndralement parallIble
a la se- region d'extremite distale, lesdits soldnoTdos           condo
direction, les traces de la quatrib- etant couplds ensemble en serie dans
ladite  15          me multiplicite de traces (20, 22, 24) region
d'extremite distale pour constituer un            etant d'une longueur
similaire a la lon- chemin pour permettre la circulation aller et
gueur des traces de la premibre multipli- retour dudit courant d'excitation
depuis ladite          cite de traces (14, 16, 18). extremite proximale
jusqu'a ladite rdgion d'ex- tremite distale, puis de nouveau vers ladite
20   &  T2te solon la revendication 7, dans laquelle extrdmitd proximale,
tout autour de ladite pibce       une extremite d'au moins une des traces
polaire.                                            de la troisibme
multiplicite de traces (32, 34) recouvre une extrdmite d'une trace de la
se- 7. TMte solon la revendication 6, dans laquelle:       conde
multiplicite de traces (26, 28, 30), A. ledit premier ensemble de traces
coin-  25        une extremite d'au moins une des traces prend:
de la quatrieme multiplicitd de traces (20, 22, i. une premibre
multiplicitd de traces         24) recouvre une extremite d'une trace de la
dlectriquement conductrices gdndrale-          premibre multiplicite de
traces (14, 16, 18), ment parallbles (14, 16, 18) disposees            une
extrdmitd d'une trace (20) de la qua- sur un substrat isolant (36) dans une
30     tribme multiplicite de traces (20, 22, 24) recou- premibre
direction, oblique par rapport &      vre une extrdmite d'une trace (26) de
la secon- I'axe;                                         de multiplicite de
traces (26, 28, 30), et ii. une troisibme couche de matibre iso-
chaque extremite recouvrante est couplde lante (38) disposee au-dessus de
ladite        electriquement a une extremite recouverte res- premibre
multiplicite de traces; et   S5       pective de manibre & former ainsi
ladite paire iii. une seconde multiplicite de traces        de soldnoTdes,
un premier soldnoTde de la dlectriquement conductrices gdndrale-
paire de soldnoTdes comportant les traces des ment parallbles (26, 28, 30)
disposdes         premibre et quatribme multiplicites de traces sur ladite
troisibme couche isolante (38)      (14-24) et un second soldnorde de la
paire de dans une seconde direction, oblique par  40    soldnoTdos
comportant les traces des seconde rapport audit axe, la seconde direction
et troisibme multiplicites de traces (26-34), le etant diffdrente de ladite
premibre direc-     seconde soldnoTde etant gdndralement & l'intM- tion,
les traces de la seconde multiplicite    rieur du premier soldnoTde et les
premibre et de traces (26, 28, 30) etant d'une lon-        seconde bobines
dtant couplees electrique- gueur qui est gendralement inferieure  45
ment ensemble pour constituer a la fois ledit aux longueurs des traces de
ladite pre-        chemin de fourniture et ledit chemin de renvoi mibre
multiplicite de traces (14, 16, 18);     du courant d'excitation. et B.
ledit second ensemble de traces com-       9. TMte salon les revendications
1, 4 ou 6, comn- prend:                                   50      portant
on outre une seconde pikce polaire i. une troisibme multiplicite de traces
disposee a proximitd de ladite pikce polaire au dlectriquement conductrices
generale-          nombre d'au moins un (12) et isole desdites ment
parallbles (32, 34) disposeos sur         traces. ladite ssconde couche
(42) de la paire de couches isolantes dans une direction  a5  10. TOte
solon la revendication 9, dans laquelle oblique par rapport a l'axe et
generale-       une extremite proximale de ladite pikce polaire ment
parallble & la premibre direction,        au nombre d'au moins un est
coupleo dlectri- les traces de la troisibme multiplicite de     quement &
une extremitd proximale de ladite 15    27       EP 0 324 005 B1
28 seconde pike polaire.                              1e, tout autour de
ladite pikce polaire (12), I'interconnexion des solenoTdes servant & aug- 



11. TOte solon la revendication 10, dans laquelle      mentor le couplage
inductif entre ladite pikce une extr6mite distale de ladite pikce polaire
au   polaire et lesdits solenoTdes par rapport & celui nombre d'au moins un
est separde d'une ex-   5     qui est fourni par l'un desdits soidnordes
afin tremit4 distale de ladite seconde pike polaire     d'augmenter la
sensibilite de la tote (10). d'un espace faible par rapport a un espace
separant ladite extremit6 proximale de ladite   13. Procede selon la
revendication 12, dans loquel pikce polaire au nombre d'au moins un et
lesdits passages (48-66) sont produits a l'aide ladite extremite proximale
de ladite seconde   1o  du rayonnement laser. pike polaire. 14. Procedd
solon la revendication 13, dans loquel: 12. Procede de fabrication d'une
tOte (10) destinee      A. L'etape de dep8t du premier ensemble a 8tre
utilisee dans un dispositif d'enregistre-      de traces (14, 16, 18, 26,
28, 30) consiste: ment magnetique, la tOte etant du type qui  15         i.
& d6poser une premiere multiplicite de comprend: une pikce polaire (12)
supportee              traces electriquement conductrices g6ne- par un
substrat (36), disposee suivant un axe           ralement parallbles (14,
16, 18) sur ledit longitudinal (13), et ayant une extremite distale
substrat (36) dans une premiere direc- (74) adaptee de fagon & Otre
disposee a proxi-         tion, oblique par rapport a l'axe longitudi- mite
d'un support d'enregistrement du disposi-  20      nal (13), tif
d'enregistrement magn6tique; et des pro-           ii. a ddposer une
troisibme couche (38) mibre et seconde couches 6lectriquoment iso-
de matibre isolante au-dessus de ladite lantes (40, 42) presentant des
surfaces oppo-           multiplicite de traces (14, 16, 18), et sees
g6ndralement planes, ladite piace polaire          iii. a d~poser une
seconde multiplicit4 de etant disposee entre celles-ci, caracterise on   25
traces dlectriquement conductrices g~nd- co quo ledit proc6d6 comprend les
etapes                ralement paralleles (26, 28, 30) sur ladite
consistant:                                             troisieme couche
isolante (38) dans une & d6poser une premier ensemble de tra-
seconde direction, differente, oblique par ces electriquement conductrices
(14, 16, 18,            rapport a 'axe longitudinal (13); 26, 28, 30)
suivant un angle par rapport audit  3o    B. l'etape de ddp8t du second
ensemble de axe (13) de maniere & ce quo ledit premier            traces
(20, 22, 24, 32, 34) consiste: ensemble de traces soit dispose entre ledit
i. a deposer une troisibme multiplicite de substrat (36) et ladite premiere
couche isolante        traces electriquement conductrices gdne- (40),
ralement parallbles (32, 34) sur ladite se- & deposer un second ensemble de
traces   36          conde couche isolante (42) dans la pre- 4lectriquement
conductrices (20, 22, 24, 32,            miere direction, et a aligner des
extr6mi- 34) au-dessus de ladite seconde couche iso-             tes des
traces de la troisibme multiplicit6 lante (42) suivant un angle par rapport
audit           de traces (22, 34) avoc des extremites axe, et
des traces de la seconde multiplicite de & interconnecter s6lectivement des
traces   40      traces (26, 28, 30). desdits premier et second ensembles
de tra-            ii. a d6poser une quatribme couche de ces & travers
lesdites couches isolantes par            matibre isolante (44) au-dessus
de la l'interm6diaire de passages (48, 54, 50, 56, 52,       troisieme
multiplicite de traces (32, 34), 66, 60, 64, 58, 62) pour former une paire
de            et soleno(des couples en serie et qui sont isoles  45
iii. a d6poser une quatrieme multiplicite 6lectriquement, chacun, de ladite
piece polaire         de traces electriquement conductrices (12) at
disposes autour de cette derniere, cha-         gdneralement paralleles
(20, 22, 24) au- cun desdits sol6noTdes sdteondant depuis ladi-
dessus de la quatrieme couche isolante to extremite proximale de ladite
pike polaire           (44) dans la seconde direction, a aligner jusqu'a
une region d'une extremite distale (74)  5o     des extremites des traces
de la quatrib- de ladite pikce polaire, lesdits solenoTdes etant       me
multiplicite de traces (20, 22, 24) couples ensemble en serie dans ladito
region            avec des extremites des traces de la de ladite extremite
distale pour constituer une         premribre multiplicite de traces (14,
16, chemin generalement h6licoTdal permettant la            18), et a
aligner une extremite d'une circulation aller et retour de courant
d'excita-  ss    trace (20) de la quatribme multiplicite de tion depuis
ladite extremit6 proximale jusqu'a          traces (20, 22, 24) avec une
extrdmite ladite region de ladite extremite distale (74),         d'une
trace (26) de la seconde multiplici- puis de nouveau vers ladite extremite
proxima-         te de traces (26, 28, 30); et 16    29                EP 0
324 005 B1                     30 C. I'etape d'interconnexion consiste a
inter-        prend les etapes consistant: connecter les extrdmites
aligndes respecti-            i. & deposer une troisieme multiplicite de 



ves (48-66) des traces, pour former ainsi               traces
electriquement conductrices gen6- ladite paire de bobines de sol6noTde
dispo-            ralement parallleos (32, 34) sur ladite se- sWas autour
de la piece polaire (12), une   6           condo couche isolante (42) dans
une di- premibre bobine desdites bobines compor-               rection
oblique par rapport & I'axe at tant des traces des premiere et quatribme
generalement parallble a la premiere di- multiplicites de traces et une
second bobine            rection, les traces de la troisibme multi-
desdites bobines comportant des traces des              plicit4 de traces
(32, 34) 6tant d'une lon- seconde et troisieme multiplicites de traces.
i0      gueur similaire a la longueur des traces de la seconde multiplicite
de traces (26, 15. Procede solon la revendication 12, dans lequel
28, 30); ledit premier ensemble de traces (14, 16, 18,             ii. a
deposer une quatribme couche de 26, 28, 30) comporte collectivement une
pre-              matiere isolante (44) au-dessus de ladite miere partie de
traces et ledit second ensem-   15        troisibme multiplicite de traces
(32, 34); ble de traces (20, 22, 24, 32, 34) comporte               et
collectivement une seconde partie de traces,              iii. a d6poser
une quatribme multiplicite ladite etape d'interconnexion consistant en ou-
de traces electriquement conductrices tre a produire des passages entre des
extr6mi-            g6neralement parallbles (20, 22, 24) sur tes desdites
traces de ladite premibre partie  20         ladite quatrieme couche
isolante (44) Ks'     de traces et des extremites desdites traces de
dans une direction oblique par rapport a ladite seconde partie de traces.
l'axe at g6neralement parallble A la so- conde direction, les traces de la
quatrib- 16. Procede solon la revendication 15, dans loquel            me
multiplicite de traces (20, 22, 24) lesdites premibre et seconde parties de
traces   25       etant d'une longueur similaire a la lon- comprennent
chacune une multiplicite de tra-              gueur des traces de la
premiere multipli- ces, ladite seconde partie de traces 6tant de-
cite de traces (14, 16, 18). posee de manibre a ce qu'une extrdmite d'au
moins une desdites traces de ladito seconde      18. Procede solon la
revendication 17, dans lequel partie de traces recouvre une extremit6 d'une
30   une extremite d'au moins une des traces de la trace de ladite premibre
partie de traces.           troisieme multiplicit4 de traces (32, 34)
recou- vre une extr6mite d'une trace de la seconde 17. Procdd6 solon la
revendication 15, dans loquel:      multiplicit6 de traces (26, 28, 30), et
une extr6- A. I'etape de d6pot de la premiere partie de       mite d'au
moins une des traces de la quatrib- traces comprend les 6tapes consistant:
35       me multiplicite de traces (20, 22, 24) recouvre i. a deposer une
premibre multiplicite de       une extr6mite d'une trace de la premibre
multi- traces 6lectriquement conductrices gene-        plicit4 de traces
(14, 16, 18), ot, en outre, une ralement parallbles (14, 16, 18) sur ledit
extremite d'au moins une des traces (20) de la substrat dans une premiere
direction,           quatrieme multiplicite de traces (20, 22, 24) Ks'
oblique par rapport & I'axe;           40       recouvre une extremite
d'une trace (26) de la ii. A deposer une troisibme couche de
seconde multiplicite de traces (26, 28, 30), matibre isolante (38)
au-dessus de ladite       l'6tape d'interconnexion consistant a coupler
premiere multiplicite de traces (14, 16,        dlectriquement chaque
extremite recouvrante a 18); et                                         une
extremite recouverte respective pour for- iii. a deposer une secondo
multiplicitd de   45  mer ainsi ladite paire de bobines de solenoTde,
traces 6lectriquement conductrices gene-        une premiere bobine de
solenoTde comportant ralement paralleles (26, 28, 30) sur ladite     les
traces provenant des premibre et quatrib- troisieme couche isolante (38)
dans une         me multiplicites de traces (14-24) et la secon- seconde
direction, oblique par rapport          de bobine comportant les traces des
seconds audit axe, la seconde direction etant dif-  5o  et troisieme
multiplicites de traces (26-32), les ferente de ladite premibre direction,
les       premibre ot seconde bobines etant couplees traces de la seconde
multiplicite de tra-       ensemble en s6rie dans ladite rdgion de ladite
ces (26, 28, 30) 6tant d'une longueur qui       extremite distale pour
constituer une chemin est gen6ralement inferieure aux lon-
permettant la circulation aller et retour du cou- gueurs des traces de la
premiere multi-  55     rant d'excitation depuis ladite extremit6 proxi-
plicite de traces (14, 16, 18); et              male jusqu'a ladite region
d'extremite distale, B. ladite etape de dep8t de la seconde
puis de nouveau vers ladite extremite proxima- partie de traces (20, 22,
24, 32, 34) com-         le, tout autour de ladite pibce polaire. 17    31
EP 0 324 005 B1                   32 * 19. Proc6d6 solon la revendication
15, dans lequel    ladite seconde couche isolante (42), ledit qua- 



lesdits passages (48-62) sont produits a l'aide    tribme ensemble de
traces etant depose de de rayonnement laser, les premibre et seconde
telle sorte quo des extremites de traces dudit parties de traces (14-34)
etant reflechissantes    quatribme ensemble recouvrent des extremites et
les premibre et seconde couches isolantes   5   de traces dudit troisieme
ensemble (26, 28, (40, 42) etant non reflechissantes aux lon-        30),
et guours d'onde du rayonnement laser, l'etape            A appliquer du
rayonnement laser pour de production desdits passages consistant:
produire des passages (48-66) entre des extre- A. & placer un masque
reflechissant au-          mites recouvrantes respectives desdites traces
dessus des emplacements auxquels les   10        et a coupler
electriquement lesdites extremites passages (48-62) doivent 4tre formes, le
recouvrantes respectives pour former ladite masque ddfinissant des
ouvertures aux em-        paire de sol~noTdes, l'un desdits solenoTdes
placements auxquels les passages doivent         comportant les traces
desdits premier et se- etre formes au-dessus de la partie de tra-
cond ensembles de traces et l'autre soldnorde ces,
15       comportant les traces desdits troisibme et qua- B. a illuminer le
masque avec le rayonne-       tribme ensembles de traces. ment laser pour
eliminer de la matiere iso- lante exposee par lesdites ouvertures afin
21. Procede solon les revendications 12, 15 ou 20, d'exposer des points
selectionnes de ladite      consistant en outre & disposer une seconde
partie de traces, de telle sorte quo, lorsque   20  pikce polaire a
proximite de ladite pikce polai- K.-'     la matibre isolante exposee par
les ouvertu-     re au nombre d'au moins un (12) et de manib- res est
eliminee dans une mesure suffisante      re a ce qu'elle soit isolde
desdites traces. pour exposer la partie de traces, la partie de traces
arrete le rayonnement laser, pour  22. Procedd solon la revendication 21
consistant former ainsi des evidements; et         25       en outre &
coupler dlectriquement une extremi- C. a ddposer de la matibre conductrice
te proximale de ladite pibce polaire au nombre dans les 6videments.
d'au moins un a une extremite proximale de ladite seconde pike polaire. 20.
Procede selon la revendication 12, dans lequel ledit premier ensemble de
traces (14, 16, 18)  30  23. Proced6 solon la revendication 21 consistant
est depose de maniere a ce quo les traces          en outre & disposer une
extremit6 distale de solent disposees dans une premibre direction,
ladite pike polaire au nombre d'au moins un oblique par rapport audit axe,
et ledit second     de manibre a Otre separee d'un faible espace ensemble
de traces (20, 22, 24) est deposd         d'une extremite distale de ladite
seconde pike dans une seconde direction differente, oblique   35  polaire
par rapport a un espace separant ladite par rapport audit axe, de sorte quo
des extre-     extremit6 proximale de ladite pike polaire au mites de
traces dudit second ensemble recou-       nombre d'au moins un de ladite
extr6mit6 vrent des extremites de traces dudit premier       proximale de
ladite seconde pike polaire. ;   ensemble, et comprenant en outre les
etapes consistant:                                40 & deposer une
troisibme couche electri- quement isolante (38) au-dessus dudit premier
ensemble de traces, et & deposer un troisibme ensemble de traces
6lectriquement conductri- ces (26, 28, 30) dans ladite seconde direction
45 oblique entre ladite troisibme couche isolante (38) et ladite pikce
polaire (12), ledit troisibme ensemble de traces 6tant d6pose de sorte
qu'une extr6mite d'une des traces (26) dudit troisibme ensemble (26, 28,
30) soit recouverte  so par une extremite d'une des traces dudit se- cond
ensemble (20), a deposer une quatribme couche electri- quement isolante
(44) au-dessus de ladite pib- co polaire, et a d6poser une quatribme ensem-
55 ble de traces electriquement conductrices (32, 34) dans ladite premibre
direction oblique en- tre ladite quatribme couche isolante (44) et 18    


