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netic layers are electrically connected at a via, the second region at
which first and second magnetic This invention relates to thin film
magnetic    layers are separated and in which the coil is posi- read/write
heads and methods of forming the same.  tioned, and a third region at which
first and second As the use of computer systems has in-   5   magnetic
layers are separated and form the gap. creased, the demand for high density
storage me-    The second region may be filled with an insulating dia has
also increased. Thus magnetic recording    means for electrically
insulating the first magnetic heads have developed to meet the demand for
layer from the second magnetic layer. increased storage density. One method
of increas-      Preferably the connecting means contacts the ing magnetic
recording densities is through the use   10  magnetic core at the via. of
magnetic read/write heads having a high intense     According to another
aspect of the present and highly concentrated fringe field. The fringe
invention, there is provided a method of forming -a field is the magnetic
field that extends or "fringes"  thin film magnetic read/write head
according to beyond a gap formed between two poles of the        claim 8.
magnetic head. This improved fringe field has been   15  The invention is
illustrated, merely by way of achieved by decreasing the size of the
magnetic    example, in the accompanying drawings, in which:- read/write
head and particularly the gap between      Figure 1 is a cross sectional
view of a portion of the two magnetic poles.
a thin film magnetic read/write head according The dimensions of magnetic
heads have stead-      to the present invention; and ily shrunk, employing
new technologies to achieve   20  Figures 2 to 9 illustrate steps in the
formation of strikingly smaller sizes. One method of fabricating   the
read/write head of figure 1. extremely small magnetic recording heads is
Figure 1 illustrates a thin film  magnetic through the use of thin film
technology. Using this  read/write head 10 according to the present inven-
method of manufacture, a magnetic recording head   tion. The head 10
includes a base or "flyer" sub- is fabricated in much the same manner as
semi-  25  strate 12 and pole pieces or core 14. The substrate conductor
integrated circuits are manufactured.    12 may be of electrically
conductive material, such Through a series of steps involving masking and
as, for example, ALSIMAG (trade mark) material. selectively depositing
materials upon a wafer, mi-  Typically, the core 14 is formed using thin
film croscopic thin film magnetic read/write heads may  layers of magnetic
material, such as an iron alloy, be manufactured.
30  e.g. Permalloy (trade mark). the core 14 comprises Such small thin film
magnetic heads, however,   a front upper portion 16 and a front lower
portion suffer from a number of problems. The heads have    18. Portions
16, 18 form an upper pole tip 20 and a a high degree of sensitivity to
noise signals. Fur-  lower pole tip 22 between which a gap 24 is thermore,
stray capacitance due to the separation  formed. The core 14 also includes
a rear upper between the thin film magnetic head and surround-   35
portion 26 and a rear lower portion 28. The portions ing materials tends to
limit the performance of     16, 18 and the portions 26, 28 of the core 14
meet magnetic storage systems using thin film heads.    at a central area
or via 30. Particularly during a read operation, the perfor-      The head
10 of Figure 1 uses two core win- mance of a thin film  magnetic head could
be       dings formed by conductors 32, 34. The conduc- improved by
eliminating stray capacitance and   40  tors 32, 34 are in the form of a
coil around the via lowering the sensitivity of the head to noise signals
30 with a portion being sandwiched between the from the surrounding
environment.                   portions 16, 18 of the core 14 and a portion
sand- According to one aspect of the present inven-   wiched between the
portions 26, 28 of the core 14. tion, there is provided a thin film
magnetic       The core 14 is separated from the substrate 12 by read/write
head according to claim 1.         45   a base coat layer 36. The base coat
layer 36 is an The separating means in the preferred embodi-   electrical
insulator such as alumina (Al203). The ment comprises a separating layer
sandwiched be-   area between the portions 16, 18 and between the tween the
substrate and the magnetic core.          portions 26, 28 is filled with an
electrically insulat- The connecting means may comprise an elec-      ing
material 38 Typically, the insulating material 38 trically conductive stud
of, for example, copper.  so  is a photo-resist. The gap 24 between the
pole tips Preferably the substrate, the magnetic core     20, 22 is filled
with alumina. and the connecting means have greater electrical       Also
shown in Figure 1 is an electrically con- conductivity than the separating
layer.            ductive stud 40 extending through the base coat In the
illustrated embodiment the magnetic      layer 36 between the substrate 12
and the via 30 of core comprises a first magnetic layer deposited  55  the
core 14. The stud 40 is in electrical contact upon the separating layer,
and a second magnetic   with the core 14 through the via 30 and the sub-
layer, the first and second magnetic layers having  strate 12. Through the
stud 40, an electrical circuit a first region at which the first and second
mag-  is formed between the core 14 and the substrate 2   
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the core 14 and the substrate 12 through the base During fabrication, a
plurality of heads similar  coat layer 36. The stud 40 electrically short
circuits to the head 10 may be deposited across the entire  stray
capacitance formed due to the separation surface of the substrate 12. After
the layers of the  between the core 14 and the substrate 12. heads 10 are
deposited as shown in Figure 1, the   5  The steps used in fabricating the
head 10 of substrate 12 is "diced" or sliced into the individual  Figure 1
are illustrated in Figures 2 to 9. As shown heads, each carried by a
portion of the substrate  in Figure 2, the substrate 12 is shown. The sub-
12, such that the pole tips 20, 22 and the gap 24  strate 12 is typically
large relative to the dimen- are exposed. The gap 24 and the pole tips 20,
22   sions of the thin film magnetic read/write head to of each head may be
lapped in a direction gen-  10  be formed thereon and is referred to as a
"wafer". erally inward, towards the centre of the head 10, to  During the
manufacturing process, many thin film the desired dimensions. The lapping
process is a   heads similar to the head 10 typically are fab- grinding
process in which the exposed portion of   ricated on a single such
substrate 12. Only the the gap 24 is applied to a diamond slurry. Elec-
fabrication of a single thin film magnetic head 10 trical contacts (not
shown) are applied to the con-  15  is, however, illustrated in the
drawings. ductors 32, 34. The completed head may then be        In Figure
3, the substrate 12 is shown following attached to some type of carrying
fixture (not     deposition of the electrically conductive stud 40. shown)
for use in reading and writing data on a    The stud 40 may be deposited
upon the substrate magnetic storage medium such as a data storage     12
using photo-lithographic masks. Using photo- disk.
20  lithographic masks, the photo-resist is applied In operation, a
magnetic storage medium (not   across the substrate 12 except for the area
where shown) is placed near the pole tips 20, 22 which  the stud 40 is to
be formed. In this area, the photo- form the gap 24. During a read
operation, the     resist is in the form of a reverse image, or mould of
changing magnetic field due to the moving storage  the stud 40. The
material used to form the stud 40 medium impresses a magnetic field upon
the pole  25  is then deposited into this photo-resist mould. The tips.
This impressed field is carried around the   photo-resist is then
chemically removed leaving conductors 32, 34 through the portion 16, the
via  only the structure shown in Figure 3. Using this 30 and the portion 18
of the core 14. This causes  technique, the stud 40 has a generally
cylindrical an electrical current to be induced in the conduc-  shape and
is in electrical contact with the base tors 32, 34. This electric current
is representative of  30  substrate 12. Copper is a suitable material for
the the magnetic field produced by the moving mag-     stud 40, although
other electrically conductive ma- netic storage medium. During a write
operation,    terials may also be used. and electric current is caused to
flow in the con-    Following the deposition of the stud 40 upon ductor 32
or the conductor 34. This results in a   the substrate 12, the base coat
layer 36 is depos- magnetic field in the core 14 which is applied to  35
ited across the entire substrate 12 as shown in the storage medium due to
the fringing effect at   Figure 4. The base coat layer 36 is of an elec-
the gap 24 formed between the pole tips 20, 22.    trically non-conductive
material, for example, alu- The dimensions of the head 10 are extremely
mina and may be applied using sputtering tech- small. At these small
dimensions and at the high   niques. This results in a rise in the base
coat layer speed at which the head reads and writes data,  40  36 due to
the stud 40 shown in Figure 4. This rise stray capacitance may have a
significant effect in  may be removed by lapping the face of the base
degrading performance of the head. Specifically,   coat layer 36. After
lapping the base coat layer 36, the capacitance due to the separation
between the  the cross sectional view resembles that shown in core 14 and
the surrounding structure, such as the  Figure 5. substrate 12, may degrade
performance of the   45     The lapping process removes a portion of the
head. Furthermore, the material of the core 14 of  base coat layer 36 until
the face of the stud 40 is the head 10 may act as a conduit for noise to
enter  exposed. Typically a diamond slurry is used in the the conductors
32, 34. The environment in which   lapping process. Lapping may be done
over a the head 10 operates is typically filled with many  timed period to
ensure enough of the base coat noise sources including stepper motors, disk
drive  so  layer 36 is removed from the stud 40 to expose it. motors and
high frequency electrical equipment.    Alternatively, the base coat layer
36 may be visu- During the read operation, these noise sources    ally
inspected to determine if the face of the stud could interfere with the
information signals carried  40 is exposed. A third method of determining
in the form of electrical currents in the conductors  whether enough of the
base coat layer 36 has been 32, 34 by masking the information being read
from   55  removed to expose the stud 40 is by detecting the the storage
medium.                                resistance between the substrate 12
and the dia- These problems are alleviated, however, by the  mond slurry
used in the lapping process. When the stud 40 which forms an electrical
circuit between  face of the stud 40 is exposed to the diamond 3  
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resistance measured between the sub-    2. A  thin film  magnetic
read/write head as strate 12 and the diamond slurry will drop signifi-
claimed in claim 1 characterised in that the cantly. Typically, during the
lapping process a         separating means comprises a separating layer
small portion of the stud 40 may be removed along      (36) sandwiched
between the substrate (12) with the base coat layer 36. This is not harmful
to   5  and the magnetic core (14). the completed head shown in Figure 1.
After the base coat layer 36 has been lapped     3. A  thin film  magnetic
read/write head as to the extent shown in Figure 5, and the face of the
claimed in claim 1 or 2 characterised in that stud 40 exposed, a thin layer
50 of magnetic ma-        the conductive stud is a copper stud. terial such
as Permalloy (trade mark) is applied   10 across the surface. This layer 50
forms the portions  4. A  thin film  magnetic read/write head -as 18, 28 of
the core 14, as well as the pole tip 22       claimed in claim 2 or claim 3
when dependent and the part of the via 30.
thereon, characterised in that the substrate Next, using photo-lithographic
techniques, the      (12). the magnetic core (14) and the conduc-
insulating layer 38 is deposited upon the layer 50   is  tive stud means
(40) have greater electrical in the shape shown in Figure 7. Alumina is
depos-       conductivity than the separating layer (36). ited in the gap
24. Conductors 34 are deposited upon the insulating layer 38 and formed
into a coil.  5. A  thin film  magnetic read/write head as In Figure 8, the
insulating layer 38 has been       claimed in claim 1 or 2 characterised in
that built up slightly using photo-lithographic masking   20  the magnetic
core (14) comprises a first mag- and etching techniques. The conductors 32
are           netic layer (50) deposited upon the separating deposited
similar to the conductors 34 in the form     layer (36). and a second
magnetic layer, the of a coil.
first and second magnetic layers having a first In Figure 9, the insulating
layer 38 has been       region at which the first and second magnetic built
up and covers the conductors 32, 34. Next,  25    layers are electrically
connected at a via (30). another layer (not shown) of magnetic material is
the second region at which first and second deposited over the structure
shown in Figure 9 to       magnetic layers are separated and in which form
the portions 16, 26 as well as the pole tip 20    the coil (32, 34) is
positioned, and a third and a part of the via 30 as shown in Figure 1.
region at which first and second magnetic lay- The core 14 is electrically
in contact with the   30  ers are separated and form the gap (24).
substrate 12 through the stud 40. in the base coat layer 36. Stray
capacitance due to the separation   6. A  thin film  magnetic read/write
head as between the core 14 and the substrate 12 is short-      claimed in
claim 5 characterised in that the ed by the stud 40 which is electrically
connected in    second region is filled with an insulating means parallel
with this stray capacitance. In addition, the   35  (38) for electrically
insulating the first magnetic stud 40 electrically grounds the core 14,
which is      layer from the second magnetic layer. an advantage because
the head 10 is then less sensitive to noise signals present in its
operating  7. A  thin film  magnetic read/write head as environment. The
stud 40 may be sandwiched be-          claimed in claim 5 or 6
characterised in that tween the core 14 and the substrate 12 at positions
40  the conductive stud means (40) contacts the other than that shown, but
a location near the via      magnetic core (14) at the via (30). 30 is
preferable. 8. A method of forming a thin film magnetic Claims
read/write head (10) according to claim  1, 45      characterised by
comprising: depositing a con- 1. A thin film magnetic read/write head (10)
com-      ductive stud (40) upon the substrate (12) for- prising: a
substrate (12); a thin film magnetic     ming  an  electrically  insulating
separating core (14) supported by the substrate including      means (36)
on the substrate (12); and forming a read/write gap (24) for reading and
writing      the core (14) upon the conductive stud (40) information;
electrically insulating separating   50  and  said  electrically
insulating  separating means (36) for separating the substrate (12)
means (36) whereby the conductive stud (40) and the magnetic core (14); and
a coil (32, 34)     is sandwiched between the substrate (12) and within the
magnetic core and extending there-       the core (14) and is in electrical
contact with through; characterised by a conductive stud        the
substrate (12) and the core (14). (40) formed separately from and extending
be-   55 tween the substrate (12) and the magnetic core (14) for
electrically connecting the substrate (12) to the magnetic core (14). 4 
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resistance measured between the sub-     2. A  thin film  magnetic
read/write head as strate 12 and the diamond slurry will drop signifi-
claimed in claim 1 characterised in that the cantly. Typically, during the
lapping process a          separating means comprises a separating layer
small portion of the stud 40 may be removed along        (36) sandwiched
between the substrate (12) with the base coat layer 36. This is not harmful
to    5  and the magnetic core (14). the completed head shown in Figure 1.
After the base coat layer 36 has been lapped     3. A  thin film  magnetic
read/write head as to the extent shown in Figure 5, and the face of the
claimed in claim 1 or 2 characterised in that stud 40 exposed, a thin layer
50 of magnetic ma-        the conductive stud is a copper stud. terial such
as Permalloy (trade mark) is applied   10 across the surface. This layer 50
forms the portions  4. A  thin film  magnetic read/write head -as 18, 28 of
the core 14, as well as the pole tip 22       claimed in claim 2 or claim 3
when dependent and the part of the via 30.
thereon, characterised in that the substrate Next, using photo-lithographic
techniques, the       (12), the magnetic core (14) and the conduc-
insulating layer 38 is deposited upon the layer 50   15  tive stud means
(40) have greater electrical in the shape shown in Figure 7. Alumina is
depos-       conductivity than the separating layer (36). ited in the gap
24. Conductors 34 are deposited upon the insulating layer 38 and formed
into a coil.  5. A  thin film  magnetic read/write head as In Figure 8, the
insulating layer 38 has been        claimed in claim 1 or 2 characterised
in that built up slightly using photo-lithographic masking   20  the
magnetic core (14) comprises a first mag- and etching techniques. The
conductors 32 are            netic layer (50) deposited upon the separating
deposited similar to the conductors 34 in the form       layer (36), and a
second magnetic layer, the of a coil.
first and second magnetic layers having a first In Figure 9. the insulating
layer 38 has been        region at which the first and second magnetic
built up and covers the conductors 32, 34. Next,  25     layers are
electrically connected at a via (30). another layer (not shown) of magnetic
material is       the second region at which first and second deposited
over the structure shown in Figure 9 to        magnetic layers are
separated and in which form the portions 16, 26 as well as the pole tip 20
the coil (32, 34) is positioned, and a third and a part of the via 30 as
shown in Figure 1.          region at which first and second magnetic lay-
The core 14 is electrically in contact with the   30  ers are separated and
form the gap (24). substrate 12 through the stud 40 in the base coat layer
36. Stray capacitance due to the separation    6. A  thin film  magnetic
read/write head as between the core 14 and the substrate 12 is short-
claimed in claim 5 characterised in that the ed by the stud 40 which is
electrically connected in    second region is filled with an insulating
means parallel with this stray capacitance. In addition, the   35  (38) for
electrically insulating the first magnetic stud 40 electrically grounds the
core 14, which is      layer from the second magnetic layer. an advantage
because the head 10 is then less sensitive to noise signals present in its
operating  7. A  thin film  magnetic read/write head as environment. The
stud 40 may be sandwiched be-          claimed in claim 5 or 6
characterised in that tween the core 14 and the substrate 12 at positions
40  the conductive stud means (40) contacts the other than that shown, but
a location near the via      magnetic core (14) at the via (30). 30 is
preferable. 8. A method of forming a thin film  magnetic Claims
read/write head (10) according to claim  1, 45      characterised by
comprising: depositing a con- 1. A thin film magnetic read/write head (10)
com-       ductive stud (40) upon the substrate (12) for- prising: a
substrate (12); a thin film magnetic      ming  an  electrically
insulating  separating core (14) supported by the substrate including
means (36) on the substrate (12); and forming a read/write gap (24) for
reading and writing       the core (14) upon the conductive stud (40)
information; electrically insulating separating   so  and  said
electrically  insulating  separating means (36) for separating the
substrate (12)         means (36) whereby the conductive stud (40) and the
magnetic core (14); and a coil (32, 34)      is sandwiched between the
substrate (12) and within the magnetic core and extending there-        the
core (14) and is in electrical contact with through; characterised by a
conductive stud         the substrate (12) and the core (14). (40) formed
separately from and extending be-   55 tween the substrate (12) and the
magnetic core (14) for electrically connecting the substrate (12) to the
magnetic core (14). 
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8 Patentanspriche                                        dadurch
gekennzeichnet, daB der zweite Be- reich mit einem Isoliermittel (38) zur
elektri- 1. Magnetischer  Dunnschicht-Lese-/Schreibkopf         schen
Isolation  der ersten  magnetischen (10) mit: einem Substrat (12); einem
magneti-      Schicht von der zweiten magnetischen Schicht schen
D(nnschichtkern (14). der von dem Sub-   5   gefullt ist. strat gehaltert
ist und einen Lese- Schreibspalt (24) zum Lesen und schreiben von
Informatio-    7. Magnetischer  DOnnschicht-Lese-/Schreibkopf nen
einschlie~t; elektrisch isolierenden Trenn-    nach Anspruch 5 oder 6,
einrichtungen (36) zum Trennen des Substra-        dadurch gekennzeichnet,
daB der leitende Zap- tes (12) von dem Magnetkem (14); und einer  to
fen (40) mit dem  Magnetkern (14) an dem Wicklung (32,34) in dem
Magnetkern, die sich       Obergangsbereich (30) in Kontakt steht. durch
diesen hindurcherstreckt; dadurch gekennzeichnet, daB ein leitender
8. Verfahren zur Herstellung eines magnetischen Zapfen (40) getrennt von
dem Substrat (12)          W)nnschicht-Lese-/Schreibkopfes (10) gemaB
ausgebildet ist und sich zwischen dem Sub-  i5      Anspruch 1. strat (12)
und dem Magnetkern (14) erstreckt,      gekennzeichnet durch die folgenden
Schritte: urn das Substrat (12) elektrisch mit dem Ma-       Abscheiden
eines leitenden Zapfens (40) auf gnetkem (14) zu verbinden.
dem Substrat (12); Ausbilden elner elektrisch isolierenden Trenneinrichtung
(36) auf dem 2. Magnetischer  Dfnnschicht-Lese-/Schreibkopf  20
Substrat (12); und Ausbilden des Kems (14) nach Anspruch 1,
auf dem leitenden Zapfen (40) und der elek- dadurch gekennzeichnet, daB die
Trenneinrich-      trisch isolierenden Trenneinrichtung (36), wo- tung eine
Trennschicht (36) umfalt, die zwi-       durch der leitende Zapfen (40)
zwischen dem schen dem Substrat (12) und dem Magnetkern          Substrat
(12) und dem Kern (14) eingeschich- (14) eingeschichtet ist.
25      tet ist und in elektrischem  Kontakt mit dem Substrat (12) und dem
Kern (14) steht. 3. Magnetischer  D~innschicht-Lese-/Schreibkopf nach
Anspruch 1 oder 2,                         Revendlcations dadurch
gekennzeichnet, daB der leitende Zap- fen ein Kupferzapfen ist.
30  1. Tete de lecture/enregistrement magn6tique (10) a film mince,
comprenant : un substrat 4. Magnetischer  DOnnschicht-Lese-/Schreibkopf
(12); un noyau magnetique (14) a film mince nach Anspruch 2 oder Anspruch
3, wenn die-         supporte par le substrat, comprenant un entre- ser
hierauf zurOckbezogen ist,                     fer de
lecture/enregistrement (24) servant a lire dadurch gekennzeichnet, daB das
Substrat  35       et enregistrer une information ; des moyens (12), der
Magnetkern (14) und der leitende         separateurs (36) isolants de
I'leectricite. ser- Zapfen (40) eine grofere elektrische Leitfahig-    vant
a separer le substrat (12) et le noyau keit als die Trennschicht (36)
aufweisen.          magndtique (14) ; et une bobine (32, 34) contenue dans
le noyau magn6tique et s'eten- 5. Magnetischer
D~nnschicht-Lese-/Schreibkopf  40     dant a travers ce noyau ;
caracterisee par un nach Anspruch 1 oder 2,                            plot
conducteur (40) forme s~par6ment du dadurch gekennzeichnet, daB der
Magnetkern         substrat (12) et du noyau magnetique (14) et (14) eine
erste auf der Trennschicht (36) abge-    s'6tendant entre ces 6lements,
pour connecter schiedene Magnetschicht (50) und eine zweite
6lectriquement le substrat (12) et le noyau Magnetschicht aufweist, daB die
ersten und   4s    magn6tique (14). zweiten Magnetschichten einen ersten
Bereich, an dem die ersten und zweiten Magnetschich-     2. TMte de
lecturelenregistrement magnetique se- ten elektrisch an einem
Obergangsbereich (30)      Ion la revendication 1, caract6ris6e en ce que
miteinander verbunden sind, einen zweiten Be-      les moyens separateurs
comprennent une cou- reich, an dem die ersten und zweiten Magnet-  5o   che
s6paratrice (36) interposee entre le subs- schichten voneinander getrennt
sind und in         trat (12) et le noyau magndtique (14). dem die Wicklung
(32, 34) angeordnet ist, und einen dritten Bereich aufweisen, an dem die
3. TOte de lecturelenregistrement magnetique a ersten und zweiten
Magnetschichten voneinan-       film mince selon la revendication 1 ou 2,
ca- der getrennt sind und den Spalt (24) bilden.  55   racterisde en ce que
le plot conducteur est un plot en cuivre. 6. Magnetischer
Dtinnschicht-Lese-/Schreibkopf 
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magnetique a film mince selon ia revendication 2 ou 3 lors- qu'elle y est
rattachee, caract6risee en ce que le substrat (12), le noyau magn6tique
(14) et le moyen (40) formant plot conducteur ont une   5 plus grande
*conductibilite electrique que la couche s6paratrice (36). 5. T8te de
lecture/enregistrement magnetique a film mince selon la revendication 1 ou
2, ca-  10 racteris6e en ce que le noyau magnetique (14) comprend une
premibre couche magn6tique (50) deposee sur la couche s6paratrice (36), une
deuxibme couche magn6tique, les premie- re et deuxieme couches magniftiques
ayant  15 une premibre region dans laquelle les premie- re et deuxieme
couches magnetiques sont connectees electriquement au droit d'un pas- sage
(30), une deuxibme region dans laquelle les premiere et deuxibme couches
magn6ti-  20 ques sont s6parees, et dans laquelle la bobine (32, 34) est
disposee, et une troisibme region, dans laquelle les premibre et deuxibme
cou- ches magn6tiques sont separ6es et forment I'entrefer (24).
25 6. Tete magnetique de lecture/enregistrement se- Ion la revendication 5.
caract6ris6e en ce que la deuxibme region est combl6e d'un moyen isolant
(38) servant a isoler electriquement la  30 premibre couche magnetique de
la deuxibme couche magn6tique. 7. Tete magnetique de lecture/enregistrement
so- lon la revendication 5 ou 6, caract6ris6e en ce  35 quo le moyen (40)
formant plot conducteur est en contact avec le noyau magnetique (14) au
droit du passage (30). 8. Proced6 de formation d'une tete (10) de lectu-
40 re/enregistrement magn6tique a film mince se- Ion la revendication 1,
caracterise en ce qu'il consiste a deposer un plot conducteur (40) sur be
substrat (12) ; former un moyen separateur (36) isolant de l'electricite
sur le substrat (12);  45 et former le noyau (14) sur le plot conducteur
(40) et sur ledit moyen separateur (36) isolant de l'lectricite, de sorte
quo le plot conducteur (40) est interpos6 entre le substrat (12) et le
noyau (14) et est en contact 6lectrique avec le  50 substrat (12) et avec
le noyau (14). 55    


