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Description

Technical Field

[0001] The present invention relates to a manufactur-
ing method for a power module substrate that is suitable
for a power module used in a semiconductor device for
controlling a large current and a high voltage.

Background Art

[0002] Such a power module generally includes a pow-
er module substrate having a ceramics substrate formed
of AlN, Al2O3, Si3N4, or SiC and a conductive pattern,
formed of pure aluminum or an aluminum alloy, provided
on a surface of the ceramics substrate, a radiating ele-
ment that is provided on the other surface of the ceramics
substrate, a semiconductor chip, serving as a heating
element, that is provided on an upper surface of the con-
ductive pattern, and a cool sink that is provided on a lower
surface of the radiating element. Heat from the heating
element is dissipated to the outside through the radiating
element and the cool sink.
[0003] Here, as disclosed in Japanese Patent No.
2953163, the conductive pattern is generally formed by
joining a plate-shaped base material formed of pure alu-
minum or an aluminum alloy with the surface of the ce-
ramics substrate by soldering or brazing, and then etch-
ing the base material. Such a conductive pattern formed
by etching has a width to be gradually wider from the
upper surface (heating element side) toward the lower
surface (ceramics substrate side).
[0004] These days, a large-current, high-voltage, and
compact power module, that is, a conductor having a
narrower width constituting the conductive pattern and a
narrower gap between the conductors is required.
[0005] First, in order to meet the former requirement,
a conduction area of the conductive pattern needs to be
increased. However, as for the large conduction area,
since there is a limitation on design of the apparatus itself
in which the power module is incorporated, the external
size of the ceramics substrate cannot be increased, and
thus the width and thickness of the conductor cannot be
increased. In this case, as described above, if the con-
ductive pattern is formed by etching, the width of a lower
part of the conductor is increased by an increased width.
For this reason, compactness as the latter requirement
cannot be achieved. Accordingly, there is a problem in
that both requirements are not satisfied simultaneously.
[0006] The increase in the thickness of the conductor
results in an increase in the number of steps of etching,
and manufacturing costs of the power module may be
increased.
[0007] Meanwhile, in a technical field different from a
technical field to which the invention belongs, an inven-
tion that can solve the above-described problems is dis-
closed in Japanese Unexamined Patent Application,
First Publication No. H11-186679. That is, in a method

of manufacturing an insulation substrate having a base
insulating layer, an adhesion insulating layer, and a con-
ductive pattern in that order, a conductive pattern mem-
ber (conductor) obtained by performing press punching
on a plate material is placed in an aligned state on the
surface of the adhesion insulating layer in a B stage state,
then the adhesion insulating layer and the adhesion in-
sulating layer are joined with other by pressing, and sub-
sequently a conductive pattern is provided on the surface
of the
adhesion insulating layer. In the insulation substrate
formed in such a manner, the substantially entire side
surface (a surface rising from the surface of the adhesion
insulating layer) of the conductor constituting the con-
ductive pattern is exposed.
[0008] EP-A 0 935 286 A discloses a copper circuit
junction substrate and a method for producing the same.
The method comprises placing a brazing sheet on a sur-
face of a ceramics substrate, placing a conductive pattern
member punched from a base material on a surface of
the brazing sheet, pressing at least the conductive pat-
tern member in its thickness direction, and melting the
brazing sheet to join the conductive pattern member with
the surface of the ceramics substrate.
[0009] US 6,197,618 B1 discloses that a temporary
self-adherence of the individual components in a stack
of semiconductor components is accomplished by the
use of adhesive bodies either separate from the solder
preforms used in the stack or included within the solder
in the form of a stacky paste. The adhesive bodies may
comprise relatively high-purity water, and adhesion of
the adjoining parts is achieved by the surface tension of
the water. During a single heating step, preferably per-
formed in a protective, non-oxidizing atmosphere, the
water is completely evaporated while the solder preforms
are heated to form the desired solder joints.

Disclosure of the Invention

Problems to be Solved by the Invention

[0010] When the conductive pattern is formed by etch-
ing the base material, as described above, there is a prob-
lem in that much processing time is required and high-
efficiency production is rarely realized. Further, the con-
ductive pattern formed by etching is gradually wider from
the upper surface side (heating element side) toward the
lower surface side (ceramics substrate side). According-
ly, it is difficult to meet the recent requirements for a com-
pact power module and reduction in the line width of the
conductive pattern.
[0011] Further, like the invention described in Japa-
nese Unexamined Patent Application, First Publication
No. H11-186679, if the conductive pattern member (con-
ductor) is formed by press punching, the rear side in a
cutting direction of the cut surface, that is, a first cut sur-
face (two-third of the thickness) has smaller surface
roughness, but the front side in the cutting direction, that
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is, a second cut surface (one-third of the thickness) has
larger surface roughness. If the insulation substrate is
formed by applying the invention described in the Japa-
nese Unexamined Patent Application, First Publication
No. H11-186679, the power module is formed using the
insulation substrate, and then the resultant power module
is used, the power module may not be appropriately used.
For example, the rise of the second cut surface may be-
come a singular point and a spark may occur in that por-
tion as a start point or the conductor may be electrically
connected to an adjacent conductor.
[0012] The invention has been finalized in considera-
tion of the above problems, and it is an object of the in-
vention to provide a method of manufacturing a power
module substrate that can realize high-efficiency produc-
tion and reduction in the line width of a conductive pattern.

Means for Solving the Problems

[0013] In order to solve the above problems and
achieve the above objects, the invention defined in claim
1 is proposed. The method of claim 1 is a method of
manufacturing a power module substrate with
a conductive pattern which does not necessitate an etch-
ing step.
[0014] The method of claim 1 is a method of manufac-
turing a power module substrate having a conductive pat-
tern (13) provided on a surface of a ceramics substrate
(12), the method comprising the steps of:

temporarily fixing a base material (13a) on a first sur-
face of a brazing sheet (15a) by the surface tension
of a volatile organic medium before a conductive pat-
tern member (13b) is punched out from the base
material (13a);
punching out the base material (13a) and forming
the conductive pattern member (13b) while the base
material (13a) is temporarily fixed on the first surface
of the brazing sheet (15a) by the surface tension of
the volatile organic medium, the base material (13a)
being punched out together with the brazing sheet
(15a) so that the conductive pattern member (13b)
and a brazing sheet portion have the same outer
shape;
fitting the conductive pattern member (13b) and the
brazing sheet portion into a punching hole formed in
the base material (13a), thereby forming a push-back
member (13c);
arranging a template (41) having a guide hole (41a)
between the push-back member (13c) and the ce-
ramics substrate (12), the brazing sheet portion,
which is temporarily fixed to the conductive pattern
member (13b) facing the surface of the ceramics
substrate (12); pressing the conductive pattern
member (13b) from the punching hole toward the
surface of the ceramics substrate (12) to be pulled
out of the push-back member (13c);
temporarily fixing the second surface of the brazing

sheet portion on the surface of the ceramics sub-
strate (12) by the surface tension of the volatile or-
ganic medium, which is coated on the second sur-
face of the brazing sheet portion or on the surface
of the ceramics substrate (12);
heating the brazing sheet portion and the conductive
pattern member so as to volatilize the volatile organic
medium;
pressing at least the conductive pattern member
(13b) in its thickness direction; and
melting the brazing sheet portion to join the conduc-
tive pattern member (13b) with the surface of the
ceramics substrate.

[0015] According to the method of manufacturing a
power module substrate of the invention, after the tem-
porary fixation by the surface tension of a volatile organic
solvent, the brazing sheet 15a is melted to join the con-
ductive pattern member 13b with the surface of the ce-
ramics substrate 12. Therefore, the conductive pattern
13 can be provided on the surface of the ceramics sub-
strate 12, without performing etching. As a result, high-
efficiency production of the power module substrate and
reduction in the line width of the conductive pattern can
be realized.
[0016] In the method of manufacturing a power module
substrate according to the invention, when the conduc-
tive pattern member 13b is temporarily fixed on the sur-
face of the ceramics substrate 12 through the brazing
sheet portion, in a state where the conductive pattern
member 13b punched from the base material is fitted into
a punching hole formed in the base material 13a, the
conductive pattern member 13b is disposed to face the
surface of the ceramics substrate 12, then the conductive
pattern member 13b is pressed form the punching hole
toward the surface of the ceramics substrate 12 to be
pulled out of the push-back member 13a, and subse-
quently the conductive pattern member 13b is temporar-
ily fixed on the surface of the ceramics substrate 12
through the brazing sheet portion by the surface tension
of the volatile organic medium, which is coated on the
second surface of the brazing sheet portion or on the
surface of the organic substrate 12. Therefore, the con-
ductive pattern member 13b can be comparatively accu-
rately and easily positioned and temporarily fixed at a
desired position on the surface of the ceramics substrate
12.
[0017] In the method of manufacturing a power module
substrate according to the invention, the base material
13a and the brazing sheet (15a) are temporarily fixed by
the surface tension of the volatile organic medium before
the conductive pattern member 13b is punched out from
the base material 13a, and, in this state, the conductive
pattern member 13b is punched together with the brazing
sheet 15a so that the conductive pattern member 13b
and a brazing sheet portion have the same outer shape.
[0018] In this case, since the conductive pattern mem-
ber 13b is punched from the base material 13a together
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with the brazing sheet 15a, when the conductive pattern
member 13b is joined with the ceramics substrate 12,
occurrence of a phenomenon that the brazing filler metal
is adhered to the ceramics substrate 12 without reference
to the conductive pattern member 13b, which is called a
stain, can be suppressed to the minimum, and a high-
quality power module substrate can be formed.

Effects of the Invention

[0019] According to the method of manufacturing a
power module substrate of the invention, the conductive
pattern 13 can be provided on the surface of the ceramics
substrate 12, without performing etching. Therefore,
high-efficiency production of the power module substrate
and reduction of the line width of the conductive pattern
13 can be realized.
[0020] Further, the present invention enables the re-
duction of the line width of the conductive pattern on a
power module substrate and simultaneously the joining
strength of the conductive pattern 13 on the surface of
the ceramics substrate 12 can be improved.

Brief Description of the Drawings

[0021]

FIG. 1 is a view of a first process step of the method
of manufacturing a power module substrate accord-
ing to the invention.
FIG. 2 is a view of a second process step of the
method of manufacturing a power module substrate
according to the invention.
FIG. 3 is a view of a third process step of the method
of manufacturing a power module substrate accord-
ing to the invention.

Reference Numerals

[0022]

11: power module substrate
11a: laminate
12: ceramics substrate
13: conductive pattern
13a: first base material
13b: conductive pattern member
13c: first push-back member
14: metal layer
14a: second base material
14b: metal layer member
14c: second push-back member
15a: brazing sheet
41: first template
41a: first guide hole
42: second template
42a: second guide hole

Best Mode for Carrying Out the Invention

[0023] Hereinafter, an embodiment according to the
invention will be described with reference to the draw-
ings. FIGS. 1 to 3 depict different steps of the method of
manufacturing a power module substrate according to
the invention. FIG. 4 shows a power module 10 to which
a power module substrate formed by the manufacturing
method shown in FIGS. 1 to 3. The power module 10
includes a power module substrate 11, a radiating ele-
ment 21, a cool sink 22, and a semiconductor chip 23
serving as a heating element.
[0024] In the power module substrate 11, a conductive
pattern 13 is provided at an upper surface of a ceramics
substrate 12 formed of AlN, Al2O3, Si3N4, or SiC, and a
metal layer 14 is provided at a lower surface thereof. The
conductive pattern 13 and the metal layer 14 are formed
of pure aluminum or an aluminum alloy, and are joined
with the ceramics substrate 12 by an Al-Si or Al-Ge braz-
ing sheet 15a, as described below.
[0025] Next, a manufacturing method of the power
module substrate 11 having the above-described config-
uration will be described with reference to FIGS. 1 to 3.
[0026] First, a volatile organic medium (not shown) is
uniformly coated on one surface of a first base material
13a formed of pure aluminum or an aluminum alloy, then
an Al-Si or Al-Ge brazing sheet 15a is placed, and sub-
sequently the brazing sheet 15a is temporarily fixed
across one surface of the first base material 13a by the
surface tension of the volatile organic medium. In this
state, the first base material 13a is punched together with
the brazing sheet 15a along the outer shape of the con-
ductive pattern 13 to be formed, thereby forming a con-
ductive pattern member 13b. A portion of the brazing
sheet 15a is temporarily fixed across one surface of the
conductive pattern member 13b by the surface tension
and is substantially identical with the outer shape of the
conductive pattern member 13b. As the conductive pat-
tern member 13b and the portion of the brazing sheet
15a are observed in plan view, the portion of the brazing
sheet 15a does not protrude from the outer edge of the
conductive pattern member 13b. Then, the conductive
pattern member 13b punched from the first base material
13a is fitted into a punching hole, thereby forming a first
push-back member 13c.
[0027] As for a second base material 14a formed of
aluminum or an aluminum alloy, like the first base mate-
rial 13a, in a state where a brazing sheet 15a is tempo-
rarily fixed, the second base material 14a is punched
together with the brazing sheet 15a along the outer shape
of the metal layer 14 to be formed, thereby forming a
metal layer member 14b. Then, the metal layer member
14b punched from the second base material 14a is fitted
into a punching hole, thereby forming a second push-
back member 14c.
[0028] Here, as the volatile organic medium, polyva-
lent alcohol, for example, divalent or trivalent alcohol is
exemplified. Viscosity is 1 3 10-3 Pa·s or more, and pref-
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erably, 20 3 10-3 Pa·s to 1500 3 10-3 Pa·s, and surface
tension is 80 3 10-3 N/m or less, and preferably, 20 3
10-3 N/m to 60 3 10-3 N/m. Further, the volatile organic
medium is volatilized when a temperature is a melting
temperature of the brazing sheet 15a or less, specifically,
400°C or less, and preferably, 300°C or less.
[0029] Next, as shown in FIG. 1, the first push-back
member 13c is disposed above the ceramics substrate
12 such that the brazing sheet 15a faces the upper sur-
face of the ceramics substrate 12, while the second push-
back member 14c is disposed below the substrate 12
such that the brazing sheet 15a faces the lower surface
of the ceramics substrate 12. Then, as shown in FIG. 2,
a first template 41, in which a first guide hole 41a having
an inner surface shape along the outer edge of the con-
ductive pattern member 13b is formed, is disposed be-
tween the first push-back member 13c and the upper
surface of the ceramics substrate 12. Further, a second
template 42, in which a second guide hole 42a having
an inner surface shape along the outer edge of the metal
layer member 14b is formed, is disposed between the
second push-back member 14c and the lower surface of
the ceramics substrate 12.
[0030] At this time, the volatile organic medium is uni-
formly coated on the upper and lower surfaces of the
ceramics substrate 12 or a surface of the brazing sheet
15a of the first push-back member 13c facing the upper
surface of the ceramics substrate 12 and a surface of the
brazing sheet 15a of the second push-back member 14c
facing the lower surface of the substrate 12.
[0031] In this state, as for the first push-back member
13c, the conductive pattern member 13b is pressed
against the upper surface of the ceramics substrate 12
to be pulled out of the first base material 13a, and simul-
taneously the conductive pattern member 13b is tempo-
rarily fixed on the upper surface of the ceramics substrate
12 through the portion of the brazing sheet 15a by the
surface tension. Further, as for the second push-back
member 14c, the metal layer member 14b is pressed
against the lower surface of the ceramics substrate 12
to be pulled out of the second base material 14a, and
simultaneously the metal layer member 14b is temporar-
ily fixed on the lower surface of the ceramics substrate
12 through the portion of the brazing sheet 15a by the
surface tension.
[0032] At this time, the outer edge of the conductive
pattern member 13b is guided by an inner circumferential
surface of the first guide hole 41a of the first template 41,
and the outer edge of the metal layer member 14b is
guided by an inner circumferential surface of the second
guide hole 42a of the second template 42. Accordingly,
upon pulling-out, the conductive pattern member 13b and
the metal layer member 14b are inclined with respect to
the surface of the ceramics substrate 12, such that oc-
currence of misalignment in a direction along the surface
is suppressed.
[0033] In such a manner, the portion of the brazing
sheet 15a and the conductive pattern member 13b are

laminated on the upper surface of the ceramics substrate
12 in that order, and the portion of the brazing sheet 15a
and the metal layer member 14b are laminated on the
lower surface of the substrate 12. These members are
temporarily fixed by the surface tension, thereby forming
a laminate 11a.
[0034] Next, the laminate 11a is heated under an at-
mosphere of about 300°C so as to volatilize the volatile
organic medium, and the conductive pattern member 13b
and the metal layer member 14b of the laminate 11a are
pressed in the lamination direction for about one hour at
about 0.3 MPa under an atmosphere of about 630°C.
Then, the portions of the brazing sheets 15a are melted
to join the conductive pattern member 13b and the metal
layer member 14b with the surface of the ceramics sub-
strate 12. In such a manner, the power module substrate
11, in which the conductive pattern 13 and the metal layer
14 are provided on the surface of the ceramics substrate
12, is formed.
[0035] As described above, according to the method
of manufacturing a power module substrate of the inven-
tion, after the temporary fixation is performed by the sur-
face tension of the organic medium, the portion of the
sheet 15a is melted to join the conductive pattern member
13b with the surface of the ceramics substrate 12. Ac-
cordingly, the conductive pattern 13 can be provided on
the surface of the ceramics substrate 12, without per-
forming etching, and high-efficiency production of the
power module substrate 11 and reduction of the line width
of the conductive pattern 13 can be realized.
[0036] Further, in a state where the conductive pattern
member 13b punched from the first base material 13a is
fitted into the punching hole, the conductive pattern mem-
ber 13b is disposed above the ceramics substrate 12,
and then is pressed against the surface of the ceramics
substrate 12 to be pulled out of the first base material
13a. Then, the conductive pattern member 13b is tem-
porarily fixed on the surface of the ceramics substrate 12
through the portion of the brazing sheet 15a. Accordingly,
the conductive pattern member 13b can be temporarily
fixed at a desired position on the surface of the ceramics
substrate 12 comparatively accurately and easily.
[0037] In addition, since the conductive pattern mem-
ber 13b is punched from the first base material 13a to-
gether with the brazing sheet 15a, when the conductive
pattern member 13b is joined with the surface of the ce-
ramics substrate 12, occurrence of a phenomenon that
the brazing filler metal is adhered to the ceramics sub-
strate 12 without reference to the conductive pattern
member 13b, which is called a stain, can be suppressed
to the minimum, and a high-quality power module sub-
strate 11 can be formed.

Claims

1. A method of manufacturing a power module sub-
strate having a conductive pattern (13) provided on
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a surface of a ceramics substrate (12), the method
comprising the steps of:

temporarily fixing a base material (13a) on a first
surface of a brazing sheet (15a) by the surface
tension of a volatile organic medium before a
conductive pattern member (13b) is punched
out from the base material (13a);
punching out the base material (13a) and form-
ing the conductive pattern member (13b) while
the base material (13a) is temporarily fixed on
the first surface of the brazing sheet (15a) by
the surface tension of the volatile organic medi-
um, the base material (13a) being punched out
together with the brazing sheet (15a) so that the
conductive pattern member (13b) and a brazing
sheet portion have the same outer shape;
fitting the conductive pattern member (13b) and
the brazing sheet portion into a punching hole
formed in the base material (13a), thereby form-
ing a push-back member (13c);
arranging a template (41) having a guide hole
(41a) between the push-back member (13c) and
the ceramics substrate (12), the brazing sheet
portion, which is temporarily fixed to the conduc-
tive pattern member (13b), facing the surface of
the ceramics substrate (12);
pressing the conductive pattern member (13b)
from the punching hole toward the surface of the
ceramics substrate (12) to be pulled out of the
push-back member (13c);
temporarily fixing the second surface of the braz-
ing sheet portion on the surface of the ceramics
substrate (12) by the surface tension of the vol-
atile organic medium, which is coated on the
second surface of the brazing sheet portion or
on the surface of the ceramics substrate (12);
heating the brazing sheet portion and the con-
ductive pattern member so as to volatilize the
volatile organic medium;
pressing at least the conductive pattern member
(13b) in its thickness direction; and
melting the brazing sheet portion to join the con-
ductive pattern member (13b) with the surface
of the ceramics substrate.

Patentansprüche

1. Verfahren zum Herstellen eines Leistungsmodul-
substrats, das ein leitfähiges Muster (13), das auf
einer Oberfläche eines Keramiksubstrats (12) vor-
gesehen ist, aufweist, wobei das Verfahren die
Schritte umfasst:

vorübergehendes Fixieren eines Basismaterials
(13a) auf einer ersten Oberfläche eines Lot-
blechs (15a) durch die Oberflächenspannung

eines flüchtigen organischen Mediums, bevor
ein leitfähiges Musterelement (13b) aus dem
Basismaterial (13a) gestanzt wird;
Ausstanzen des Basismaterials (13a) und Bil-
den des leitfähigen Musterelements (13b), wäh-
rend das Basismaterial (13a) vorübergehend
auf der ersten Oberfläche des Lotblechs (15a)
durch die Oberflächenspannung des flüchtigen
organischen Mediums fixiert ist, wobei das Ba-
sismaterial (13a) gemeinsam mit dem Lotblech
(15a) ausgestanzt wird, sodass das leitfähige
Musterelement (13b) und ein Lotblechabschnitt
dieselbe Außenform aufweisen;
Einsetzen des leitfähigen Musterelements (13b)
und des Lotblechabschnitts in ein Stanzloch,
das in dem Basismaterial (13a) gebildet ist, wo-
durch ein zurückversetztes Element (13c) gebil-
det wird;
Anordnen einer Matrize (41) mit einem Füh-
rungsloch (41a) zwischen dem zurückversetz-
ten Element (13c) und dem Keramiksubstrat
(12), wobei der Lotblechabschnitt, der vorüber-
gehend an dem leitfähigen Musterelement (13b)
fixiert ist, der Oberfläche des Keramiksubstrats
(12) zugewandt ist;
Pressen des leitfähigen Musterelements (13b)
aus dem Stanzloch zur Oberfläche des Kera-
miksubstrats (12), sodass es aus dem zurück-
versetzten Element (13c) herausgezogen wird;
vorübergehendes Fixieren der zweiten Oberflä-
che des Lotblechabschnitts auf der Oberfläche
des Keramiksubstrats (12) durch die Oberflä-
chenspannung des flüchtigen organischen Me-
diums, das auf der zweiten Oberfläche des Lot-
blechabschnitts oder auf der Oberfläche des Ke-
ramiksubstrats (12) aufgebracht ist;
Erwärmen des Lotblechabschnitts und des leit-
fähigen Musterelements, um so das flüchtige or-
ganische Medium zu verflüchtigen;
Pressen mindestens des leitfähigen Musterele-
ments (13b) in seiner Dickenrichtung; und
Schmelzen des Lotblechabschnitts, um das leit-
fähige Musterelement (13b) mit der Oberfläche
des Keramiksubstrats zu verbinden.

Revendications

1. Procédé de fabrication d’un substrat de module d’ali-
mentation qui présente un motif conducteur (13) pré-
vu sur une surface d’un substrat en céramique (12),
le procédé comprenant les étapes consistant à :

fixer temporairement un matériau de base (13a)
sur une première surface d’une feuille de
brasage (15a) par la tension superficielle d’un
milieu organique volatil avant qu’un élément de
motif conducteur (13b) ne soit découpé dans le
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matériau de base (13a) ;
poinçonner le matériau de base (13a) et former
l’élément de motif conducteur (13b) pendant
que le matériau de base (13a) est temporaire-
ment fixé sur la première surface de la feuille de
brasage (15a) par la tension superficielle du mi-
lieu organique volatil, le matériau de base (13a)
étant découpé à la matrice conjointement avec
la feuille de brasage (15a) de sorte que l’élément
de motif conducteur (13b) et une partie de feuille
de brasage ont la même forme extérieure ;
ajuster l’élément de motif conducteur (13b) et la
partie de feuille de brasage dans un trou de poin-
çonnage formé dans le matériau de base (13a),
en formant ainsi un élément de renvoi (13c) ;
agencer un gabarit (41) ayant un trou de guidage
(41a) entre l’élément de renvoi (13c) et le subs-
trat en céramique (12), la partie de feuille de
brasage, qui est temporairement fixée à l’élé-
ment de motif conducteur (13b), faisant face à
la surface du substrat en céramique (12) ;
presser l’élément de motif conducteur (13b) de-
puis le trou de poinçonnage vers la surface du
substrat en céramique (12) pour qu’il soit extrait
de l’élément de renvoi (13c) ;
fixer temporairement la seconde surface de la
partie de feuille de brasage à la surface du subs-
trat en céramique (12) par la tension superficiel-
le du milieu organique volatil, qui est appliqué
en revêtement sur la seconde surface de la par-
tie de feuille de brasure ou sur la surface du
substrat en céramique (12) ;
chauffer la partie de feuille de brasage et l’élé-
ment de motif conducteur de manière à volatili-
ser le milieu organique volatil ;
presser au moins l’élément de motif conducteur
(13b) dans sa direction d’épaisseur; et
faire fondre la partie de feuille de brasage pour
joindre l’élément de motif conducteur (13b) à la
surface du substrat en céramique.
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