
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
37

0 
48

8
B

1
*EP003370488B1*

(11) EP 3 370 488 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
08.04.2020 Bulletin 2020/15

(21) Application number: 18155214.2

(22) Date of filing: 06.02.2018

(51) Int Cl.:
H05K 3/06 (2006.01) H05K 3/38 (2006.01)

H05K 1/03 (2006.01) C04B 37/02 (2006.01)

H01L 21/48 (2006.01) H01L 23/373 (2006.01)

H05K 3/26 (2006.01)

(54) METHOD FOR PRODUCING METAL/CERAMIC CIRCUIT BOARD

VERFAHREN ZUR HERSTELLUNG EINER METALL/KERAMIK-LEITERPLATTE

PROCÉDÉ DE PRODUCTION DE CARTE DE CIRCUIT CÉRAMIQUE/MÉTAL

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 03.03.2017 JP 2017040825

(43) Date of publication of application: 
05.09.2018 Bulletin 2018/36

(73) Proprietor: DOWA METALTECH CO., LTD.
Chiyoda-ku
Tokyo
101-0021 (JP)

(72) Inventors:  
• IDENO, Takashi

Tokyo, 101-0021 (JP)
• OZAKI, Ayumu

Tokyo, 101-0021 (JP)
• KOBAYASHI, Koji

Tokyo, 101-0021 (JP)

(74) Representative: Manitz Finsterwald 
Patent- und Rechtsanwaltspartnerschaft mbB
Martin-Greif-Strasse 1
80336 München (DE)

(56) References cited:  
EP-A2- 1 298 970 EP-A2- 1 465 251
US-A- 5 354 415  



EP 3 370 488 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to a
method for producing a metal/ceramic circuit board. More
specifically, the invention relates to a method for produc-
ing a metal/ceramic circuit board wherein a metal plate
is bonded to a ceramic substrate by means of an active
metal containing brazing filler metal.

Description of the Prior Art

[0002] Conventionally, power modules are used for
controlling heavy-current for electric vehicles, electric
railcars and machine tools. As an insulating substrate for
such power modules, there is used a metal/ceramic cir-
cuit board wherein portions of a metal circuit plate, on
which chip parts and terminals are required to be sol-
dered, and so forth are plated, the metal circuit plate be-
ing bonded to one surface of a ceramic substrate. When
a metal circuit plate and a ceramic substrate are bonded
to each other by means of a brazing filler material, un-
necessary parts of the brazing filler material can be re-
moved by treatment with an etching solution (see Patent
US 5354415 A).
[0003] In such a metal/ceramic circuit board, cracks
are easily formed in a ceramic substrate by a thermal
stress based on the difference in thermal expansion
which is caused between the ceramic substrate and the
metal circuit plate by thermal shocks after bonding.
[0004] As a method for relaxing such a thermal stress,
there is known a method for thinning the peripheral por-
tion (creeping portion) of a metal circuit plate, e. g., a
method for forming a stepped structure or a fillet (the
protruding portion of a brazing filler metal used for bond-
ing a metal circuit plate to a ceramic substrate) on the
peripheral portion of the metal circuit plate (see, e.g.,
Japanese Patent Laid-Open Nos. 10-125821,
2001-332854 and 2004-307307).
[0005] However, if a metal/ceramic circuit board, in
which an active metal containing brazing filler metal for
bonding a metal circuit plate (such as a copper circuit
plate) to a ceramic substrate has a protruding portion
(fillet), is mounted in a powder module, there is some
possibility that the migration of metals in an active metal
containing brazing filler metal (silver or copper when a
brazing filler metal containing an active metal, silver and
copper is used) may be caused in portions between the
circuit patterns of the metal circuit plate on the ceramic
substrate and so forth to cause insulation failure.
[0006] As a method for preventing such a migration,
there is known a method for carrying out electroless Ni-
P plating on the surface of the protruding portion of the
brazing filler metal protruding from the edge portion of a
metal plate (see, e. g., Japanese Patent Laid-Open No.

2006-228918 or European Patent Application Publica-
tions EP 1465251 A1 and EP 1298970 A2).
[0007] However, even if Ni-P plating is carried out on
the protruding portion of an active metal containing braz-
ing filler metal, it is not possible to sufficiently suppress
the occurrence of migration due to a heat treatment (such
as soldering) and/or coating based on an insulating gel
in an assembling process when a metal/ceramic circuit
board is mounted in a power module.

SUMMARY OF THE INVENTION

[0008] It is therefore an object of the present invention
to eliminate the aforementioned problems and to provide
a method for producing a metal/ceramic circuit board
which can sufficiently suppress the occurrence of migra-
tion in a method for producing a metal/ceramic circuit
board wherein a metal plate is bonded to a ceramic sub-
strate by means of an active metal containing brazing
filler metal.
In order to accomplish the aforementioned and other ob-
jects, the inventors have diligently studied and found that
it is possible to produce a metal/ceramic circuit board
which can sufficiently suppress the occurrence of migra-
tion in a method for producing a metal/ceramic circuit
board wherein a metal plate is bonded to a ceramic sub-
strate by means of an active metal containing brazing
filler metal, if the metal/ceramic circuit board is produced
by a method comprising the steps of: bonding a copper
plate to at least one surface of a ceramic substrate via
an active metal containing brazing filler metal which con-
tains silver; removing an unnecessary portion of the cop-
per plate; after removal of the unnecessary portion of the
copper plate, removing an unnecessary portion of the
active metal containing brazing filler metal; chemical pol-
ishing of the surface of the copper plate to cause the
active metal containing brazing filler metal to protrude
from a side face portion of the copper plate while causing
silver to be adhered to the surface of the copper plate to
form a silver layer thereon; and then removing the silver
layer.
[0009] According to the present invention, there is pro-
vided a method for producing a metal/ceramic circuit
board, the method comprising the steps of: bonding a
copper plate to at least one surface of a ceramic substrate
via an active metal containing brazing filler metal which
contains silver; removing an unnecessary portion of the
copper plate; after removal of the unnecessary portion
of the copper plate, removing an unnecessary portion of
the active metal containing brazing filler metal; chemical
polishing of the surface of the copper plate to cause the
active metal containing brazing filler metal to protrude
from a side face portion of the copper plate while causing
silver to be adhered to the surface of the copper plate to
form a silver layer thereon; and then removing the silver
layer.
[0010] In this method for producing a metal/ceramic
circuit board, the active metal containing brazing filler
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metal preferably comprises silver, copper and an active
metal. The active metal containing brazing filler metal
may contain tin. Preferably, the content of silver in the
active metal containing brazing filler metal is not less than
70 % by weight. After removing silver adhered to the sur-
face of the copper plate, a plating film is preferably formed
on an exposed surface of the copper plate and active
metal containing brazing filler metal. The plating film is
preferably formed by electroless nickel alloy plating. The
chemical polishing is preferably carried out by a chemical
polishing solution having a copper dissolving rate which
is ten times or more as high as a silver dissolving rate.
The removal of silver is preferably carried out by a silver
removing solution having a silver dissolving rate which
is ten times or more as high as a copper dissolving rate.
[0011] According to the present invention, it is possible
to produce a metal/ceramic circuit board which can suf-
ficiently suppress the occurrence of migration in a meth-
od for producing a metal/ceramic circuit board wherein
a metal plate is bonded to a ceramic substrate by means
of an active metal containing brazing filler metal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention will be understood more
fully from the detailed description given herebelow and
from the accompanying drawings of the preferred em-
bodiments of the invention. However, the drawings are
not intended to imply limitation of the invention to a spe-
cific embodiment, but are for explanation and under-
standing only.
[0013] In the drawings:

FIG. 1A is a sectional view showing a state that an
active metal containing brazing filler metal is printed
on a ceramic substrate in the preferred embodiment
of a method for producing a metal/ceramic circuit
board;
FIG. 1B is a sectional view showing a state that a
metal plate is bonded to the ceramic substrate via
the active metal containing brazing filler metal in the
preferred embodiment of a method for producing a
metal/ceramic circuit board;
FIG. 1C is a sectional view showing a state that a
resist having a desired circuit pattern is applied on
the surface of the metal plate in the preferred em-
bodiment of a method for producing a metal/ceramic
circuit board;
FIG. ID is a sectional view showing a state that the
unnecessary portion of the metal plate is etched to
be removed in the preferred embodiment of a meth-
od for producing a metal/ceramic circuit board;
FIG. 1E is a sectional view showing a state that the
resist is removed from the metal plate in the preferred
embodiment of a method for producing a metal/ce-
ramic circuit board;
FIG. 1F is a sectional view showing a state that the
unnecessary portion of the active metal containing

brazing filler metal is removed in the preferred em-
bodiment of a method for producing a metal/ceramic
circuit board;
FIG. 1G is a sectional view showing a state that silver
is adhered to the metal plate to form a silver layer
after the surface of the metal plate is chemical-pol-
ished in the preferred embodiment of a method for
producing a metal/ceramic circuit board;
FIG. 1H is a sectional view showing a state that the
silver layer is removed from the surface of the metal
plate in the preferred embodiment of a method for
producing a metal/ceramic circuit board; and
FIG. 1I is a sectional view showing a state that a
plating film is formed in the preferred embodiment
of a method for producing a metal/ceramic circuit
board.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] In the preferred embodiment of a method for
producing a metal/ceramic circuit board, after a copper
plate is bonded to at least one surface of a ceramic sub-
strate via an active metal containing brazing filler metal
which contains silver, the unnecessary portion of the cop-
per plate and active metal containing brazing filler metal
is removed, and thereafter, the unnecessary portion of
the copper plate is removed by chemical polishing so as
to cause the active metal containing brazing filler metal
to protrude from the side face portion of the copper plate
to form a fillet, and then, silver adhered to the surface of
the copper plate by the chemical polishing is removed
(with a silver removing solution).
[0015] In the above-described method for producing a
metal/ceramic circuit board, the ceramic substrate may
be a substrate of an oxide mainly containing alumina,
silica or the like, or a substrate of a non-oxide mainly
containing aluminum nitride, silicon nitride, silicon car-
bonate or the like, and the substrate may have a size of
about 5 to 200 mm x 5 to 200 mm and a thickness of 0.25
to 3.0 mm (preferably 0.3 to 1.0 mm).
[0016] The active metal containing brazing filler metal
preferably may contain silver, copper and an active metal
as metal elements. The active metal containing brazing
filler metal may contain tin, the content of which is 10 %
or less with respect to the total of the metal elements.
The content of silver with respect to the total metal ele-
ments in the active metal containing brazing filler metal
is preferably not less than 70 % by weight, more prefer-
ably 70 to 95 % by weight, and most preferably 75 to 93
% by weight. The content of the active metal with respect
to the total of the metal elements in the active metal con-
taining brazing filler metal is preferably 1 to 5 % by weight,
and more preferably 1 to 3 % by weight. As the active
metal component in the active metal containing brazing
filler metal, there may be used at least one selected from
the group consisting of titanium, zirconium, hafnium and
a hydride thereof. In order to produce a metal/ceramic
circuit board which can sufficiently suppress the occur-
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rence of migration, the active metal containing brazing
filler metal preferably contains tin.
[0017] The removal of the unnecessary portion of the
copper plate can be carried out by, e.g., dipping the cop-
per plate in an etching solution containing copper chloride
or iron chloride, or spraying the etching solution onto the
copper plate. The removal of the unnecessary portion of
the active metal containing brazing filler metal can be
carried out by, e.g., dipping the brazing filler metal in a
chelate containing chemical solution or a hydrofluoric ac-
id chemical solution, or spraying the chemical solution
onto the brazing filler metal.
[0018] The chemical polishing is preferably carried out
by dipping the copper plate in a chemical polishing solu-
tion or spraying the chemical polishing solution onto the
copper plate. The chemical polishing solution has a cop-
per dissolving rate which is preferably ten times or more
(more preferably fifty times or more) as high as a silver
dissolving rate. As such a chemical polishing solution,
there can be used a chemical polishing solution compris-
ing sulfuric acid, hydrogen peroxide and the balance be-
ing water, or a commercially available chemical polishing
solution for copper. The chemical polishing can improve
the appearance, wire bonding ability, solder wettability
and so forth of the metal/ceramic circuit board, and can
improve the thermal shock resistance of the metal/ce-
ramic circuit board by forming a fillet having a width (a
length of the active metal containing brazing filler metal
which extends along the ceramic substrate to protrude
from the side face of the copper plate) which is preferably
5 to 100 micrometers and more preferably 10 to 50 mi-
crometers. The thickness of the protruding portion of the
active metal brazing filler metal formed as the fillet is pref-
erably 3 to 50 micrometers and more preferably 5 to 20
micrometers. Furthermore, the rate of the copper dissolv-
ing rate to the silver dissolving rate (or the rate of the
silver dissolving rate to the copper dissolving rate) of the
chemical polishing solution can be calculated from the
decreased amount of each of a pure copper plate (oxy-
gen-free copper plate) and a pure silver plate having the
same shape as that of the pure copper plate after the
plates are dipped in the chemical polishing solution under
the same conditions such as temperature and time.
[0019] It was found that a chemical polishing solution
mainly dissolving copper was used in the chemical pol-
ishing, so that silver existing in the active metal containing
brazing filler metal and copper plate was exposed due
to the dissolution of copper to exist in the solution as
insoluble silver to be adhered to the surface of the copper
plate with a weak force to be formed as a layer having a
thickness of about 1 micrometer to deteriorate the migra-
tion resistance of the metal/ceramic circuit board. For
that reason, in the preferred embodiment of a method for
producing a metal/ceramic circuit board according to the
present invention, silver adhered to the surface of the
copper plate is removed in order to sufficiently suppress
the occurrence of migration.
[0020] The removal of silver adhered to the copper

plate is preferably carried out by dipping the copper plate
in a silver removing solution. This silver removing solution
has a silver dissolving rate which is preferably ten times
or more as high as a copper dissolving rate, and more
preferably fifty times to seventy one times as high as a
copper dissolving rate (the silver dissolving rate of 2.5 to
3.0 mm/min with respect to the copper dissolving rate of
0.042 to 0.050 mm/min). As such a silver removing solu-
tion, there is preferably used a chemical solution com-
prising acetic acid, hydrogen peroxide and the balance
being water, and there can be used a silver removing
solution comprising a commercially available silver plat-
ing removing agent (e.g., S-BACK AG-601 produced by
Sasaki Chemical Co., Ltd.), hydrogen peroxide and the
balance being water. Furthermore, the rate of the copper
dissolving rate to the silver dissolving rate (or the rate of
the silver dissolving rate to the copper dissolving rate) of
the silver removing solution can be calculated from the
decreased amount of each of a pure copper plate (oxy-
gen-free copper plate) and a pure silver plate having the
same shape as that of the pure copper plate after the
plates are dipped in the silver removing solution under
the same conditions such as temperature and time.
[0021] After the removal of silver, a plating film is pref-
erably formed on the exposed surfaces of the copper
plate and active metal containing brazing filler metal. The
plating film is preferably a nickel plating film, and is pref-
erably formed by electroless nickel alloy plating. In place
of the formation of the plating film, rustproofing may be
carried out.
[0022] Referring now to the accompanying drawings,
the preferred embodiment of a method for producing a
metal/ceramic circuit board according to the present in-
vention will be described below in detail.
[0023] As shown in FIGS. 1A and 1B, after a paste of
an active metal containing brazing filler metal 12 is
screen-printed on each of both sides of a ceramic sub-
strate 10, a copper plate 14 is arranged on the active
metal containing brazing filler metal 12 to be heated in a
substantially vacuum or non-oxidizing atmosphere, and
then, cooled to bond the copper plate 14 of each of both
sides of the ceramic substrate 10. This bonding causes
the active metal containing brazing filler metal 12 to be
a layer (a reaction product layer) 12a, which is mainly
formed of a reaction product by reacting the active metal
of the active metal containing brazing filler metal 12 with
the ceramic of the ceramic substrate 10, and a layer (a
metal layer) 12b which is mainly formed of metals other
than the active metal of the active metal containing braz-
ing filler metal 12. The reaction product layer 12a is a
layer wherein the content of metals other than the active
metal is low, and the metal layer 12b is a layer wherein
the content of metals other than the active metal is high.
Furthermore, it can be easily confirmed by an electron
probe micro analyzer (EPMA) or the like that the active
metal containing brazing filler metal 12 is caused to be
the reaction product layer 12a and the metal layer 12b.
However, there are some cases wherein the boundary
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between the reaction product layer 12a and the metal
layer 12b is not able to be confirmed by EPMA.
[0024] Then, as shown in FIG. 1C, a resist 16 having
a desired circuit pattern is applied on the surface of the
copper plate 14 bonded to each of both sides of the ce-
ramic substrate 10, and as shown in FIG. 1D, the unnec-
essary portion of the copper plate is etched with an etch-
ing solution of cupric chloride, an etching solution of iron
chloride or the like to be removed. Then, as shown in
FIG. 1E, the resist 16 is removed.
[0025] Then, as shown in FIG. 1F, the unnecessary
portion of the active metal containing brazing filler metal
12 is removed with, e.g., an aqueous solution containing
hydrofluoric acid, or an aqueous solution containing a
compound forming a complex with the active metal, such
as ethylene-diamine-tetraacetic acid (EDTA).
[0026] Then, the surface of the copper plate 14 is
chemical-polished. Then, as shown in FIG. 1G, a fillet
protruding from the side faces of the copper plate 14 is
formed, and silver is adhered to the surface of the copper
plate 14 to form a silver layer 18.
[0027] Then, as shown in FIG. 1H, the silver layer 18
adhered to the surface of the copper plate 14 is removed
with a silver removing solution. Thereafter, as shown in
FIG. 1I, a plating film 20 is formed on the copper plate
14 and active metal containing brazing filler metal 12 to
obtain a metal/ceramic circuit board having a fillet (a por-
tion of the active metal containing brazing filler metal
which extends along each of both sides of the ceramic
substrate 10 to protrude from the side faces of the copper
plate 14) which has a predetermined width.
[0028] Examples of a method for producing a metal/ce-
ramic circuit board according to the present invention will
be described below in detail.

Example 1

[0029] An active metal containing brazing filler metal
formed by adding 90 % by weight of silver, 8 % by weight
of copper and 2 % by weight of titanium (serving as an
active metal component) (Ag:Cu:Ti = 90:8:2) to a vehicle
and kneading them was screen-printed on both sides of
an aluminum nitride substrate having a size of 34 mm x
34 mm x 0 . 6 mm so as to have a thickness of 20 mi-
crometers. Then, an oxygen-free copper plate having a
size of 34 mm x 34 mm x 0.25 mm was arranged thereon
to be heated at 850 °C in vacuum to be bonded to both
sides of the aluminum nitride substrate.
[0030] Then, an ultraviolet curing, alkaline-strippable
resist having a predetermined circuit pattern was applied
on each of the copper plates by screen printing, and the
resist was irradiated with ultraviolet rays to be cured.
Thereafter, the unnecessary portion of the copper plate
was etched with an etching solution comprising copper
chloride, hydrochloric acid and the balance being water,
and then, the resist was removed with an aqueous sodi-
um hydroxide solution to form a copper circuit.
[0031] Then, the bonded article having the copper cir-

cuit bonded to the substrate was dipped in dilute sulfuric
acid for 20 seconds to be pickled. Then, the bonded ar-
ticle was dipped in an aqueous chelate solution contain-
ing 1.6 % by weight of EDTA • 4Na, 3 % by weight of
aqueous ammonia (aqueous ammonia containing 28 %
by weight of ammonia) and 5 % by weight of aqueous
hydrogen peroxide (aqueous hydrogen peroxide contain-
ing 35 % by weight of hydrogen peroxide) at 20 °C for 20
minutes, and then, dipped in an aqueous chelate solution
containing 2 % by weight of ethylene-triamine-pentaace-
tic acid (DTPA) · 5Na and 5 % by weight of aqueous
hydrogen peroxide at 20 °C for 52 minutes to remove the
unnecessary portion of the active metal containing braz-
ing filler metal.
[0032] Then, the copper circuit plates were dipped in
a chemical polishing solution comprising 14 % by weight
of sulfuric acid, 3.2 % by weight of hydrogen peroxide
and the balance being water at 45 °C for 5 minutes to
remove the unnecessary portion of the copper circuit
plate by chemical polishing to cause the active metal con-
taining brazing filler metal to protrude from the side face
portions of the copper circuit plates. Thereafter, the cop-
per circuit plates were dipped in a silver removing solution
comprising 10 % by weight of silver plating removing
agent (S-BACK AG-601 produced by Sasaki Chemical
Co., Ltd.), 50 % by weight of aqueous hydrogen peroxide
(containing 34 % by weight of hydrogen peroxide) and
the balance being water at room temperature for 3 min-
utes to remove silver on the surface of the copper circuit
plates (silver attached thereto by chemical polishing).
Furthermore, the copper dissolving rate of the used
chemical polishing solution was fifty times or more as
high as the silver dissolving rate thereof, and the silver
dissolving rate of the silver removing solution was sixty
times or more as high as the copper dissolving rate there-
of.
[0033] Then, a plating film having a thickness of 3 mi-
crometers was formed by electroless Ni-P plating so as
to cover the copper plates and the active metal containing
brazing filler metal to obtain a metal/ceramic circuit
board.
[0034] With respect to the metal/ceramic circuit board
thus produced, the following sulfur flower test was carried
out to evaluate the presence of the occurrence of migra-
tion. First, after the metal/ceramic circuit board was heat-
treated at 270 °C for 3 minutes, a gel (TSE3051 produced
by Momentive Performance Materials Inc.) was applied
on the metal/ceramic circuit board so as to have a thick-
ness of about 1 to 2 mm, and heated at 150 °C for 1 hour
to be cured. This metal/ceramic circuit board was put in
a glass vessel having a volume of about 1200 cm3 in
which 4g of flowers of sulfur and 20 mL of deionaized
water for controlling relative humidity were contained.
Then, the vessel was sealed to be allowed to stand at 80
°C for 500 hours. Thereafter, a portion having a width of
about 1 mm of the peripheral portion of the copper plate
was observed from the top by means of an electron probe
micro analyzer (EPMA) at a magnification of 500, and
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the portion (s) of Ag (and S) protruding from the Ni-P
plating film (dot or line portion (s) having a width of not
less than 5 micrometers) were confirmed by character-
istic X-rays. Assuming that the protruding portion (s) were
the place(s) of occurrence of migration, it was evaluated
that there was no occurrence of migration when the
number of the place(s) of occurrence of migration was
less than 10, that there was slight occurrence of migration
when the number thereof was 10 to 20, and that there
was many occurrence of migration when the number
thereof was 21 to 100. It was also evaluated that there
was conspicuous occurrence of migration when the
number of the place (s) of occurrence of migration ex-
ceeded 100, or when the places (s) of occurrence of mi-
gration had a width of 100 micrometers or more, or when
the place (s) of occurrence of migration existed substan-
tially in all of the observed area. As a result, in the met-
al/ceramic circuit board produced in this embodiment,
the number of the place (s) of occurrence of migration
was 15, so that there was slight occurrence of migration.
[0035] It was determined that breakdown was caused
if a leakage current was 5 mA or more when a voltage
of 2.5 kV was applied in the atmosphere between the
copper circuit plate on one surface of the aluminum nitride
substrate and the copper plate on the other surface there-
of. As a result, breakdown was not caused, so that with-
stand voltage was high.
[0036] To the surface of the (plated) copper circuit plate
on the one surface of the aluminum nitride substrate, a
loop-shaped aluminum wire having a diameter of 0.3 mm
was bonded by wire bonding. Then, it was examined
whether the aluminum wire was broken without being
peeled off from the surface of the copper circuit plate
when the crest portion of the loop-shaped aluminum wire
was pulled (i.e., the wire bonding ability of the aluminum
wire to the copper circuit plate was examined). As a re-
sult, the aluminum wire was broken without being peeled
off from the surface of the copper circuit plate, so that
the bonding of the aluminum wire to the copper circuit
plate by wire bonding was good (the wire bonding ability
of the aluminum wire to the copper circuit plate was
good).
[0037] In order to evaluate the solder wettability of the
(plated) copper circuit on the one surface of the metal/ce-
ramic circuit board, a solder resist was formed on portions
other than a portion having a size of 10 mm x 10 mm on
which the solder wettability of the solder surface of the
copper circuit plate was to be examined. Then, the met-
al/ceramic circuit board was heated at 245 °C for 2 min-
utes in an oven in the atmosphere, and allowed to cool.
Thereafter, a solder paste (eutectic solder) was applied
on a portion, on which the solder wettability was to be
examined, so as to have a thickness of about 0.5 mm.
Then, the metal/ceramic circuit board was heated at 200
°C for 3 minutes on a hot plate in the atmosphere, and
allowed to cool. Thereafter, the proportion (the rate of
wet-spread solder) of area occupied by wet molten solder
with respect to the area (100 mm2) of the portion, on

which the solder wettability was to be examined, was
measured. Furthermore, it was determined as the eval-
uation criteria of the solver wettability that the solver wet-
tability was good when the rate of wet-spread solder was
95 % or more and that the solver wettability was bad
when the rate of wet-spread solder was less than 95 %.
As a result, the solder wettability of the (plated) copper
circuit plate was good.

Example 2

[0038] A metal/ceramic circuit board was obtained by
the same method as that in Example 1, except that an
active metal containing brazing filler metal containing 83
% by weight of silver, 10 % by weight of copper, 5 % by
weight of tin and 2 % by weight of titanium (serving as
an active metal component) (Ag:Cu:Sn:Ti = 83:10:5:2)
was used in place of the active metal containing brazing
filler metal used in Example 1 and that the active metal
containing brazing filler metal was screen-printed so as
to have a thickness of 10 micrometers.
[0039] With this metal/ceramic circuit board, the pres-
ence of occurrence of migration, the withstand voltage,
the wire bonding ability and the solder wettability were
evaluated by the same methods as those in Example 1.
As a result, the number of the place (s) of occurrence of
migration was zero, so that there was no occurrence of
migration. In addition, the withstand voltage, the wire
bonding ability and the solder wettability were good.

Example 3

[0040] A metal/ceramic circuit board was obtained by
the same method as that in Example 1, except that an
active metal containing brazing filler metal containing 83
% by weight of silver, 10 % by weight of copper, 5 % by
weight of tin and 2 % by weight of titanium (serving as
an active metal component) (Ag:Cu:Sn:Ti = 83:10:5:2)
was used in place of the active metal containing brazing
filler metal used in Example 1 and that the active metal
containing brazing filler metal was screen-printed so as
to have a thickness of 15 micrometers.
[0041] With this metal/ceramic circuit board, the pres-
ence of occurrence of migration and the withstand volt-
age were evaluated by the same methods as those in
Example 1. As a result, the number of the place (s) of
occurrence of migration was zero, so that there was no
occurrence of migration. In addition, the withstand volt-
age was good.

Comparative Example 1

[0042] A metal/ceramic circuit board was obtained by
the same method as that in Example 1, except that the
removal of silver with the silver removing solution was
not carried out.
[0043] With this metal/ceramic circuit board, the pres-
ence of occurrence of migration, the withstand voltage,
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the wire bonding ability and the solder wettability were
evaluated by the same methods as those in Example 1.
As a result, the number of the place (s) of occurrence of
migration was very large, so that there was conspicuous
occurrence of migration, although the withstand voltage,
the wire bonding ability and the solder wettability were
good.

Comparative Example 2

[0044] A metal/ceramic circuit board was obtained by
the same method as that in Example 2, except that the
removal of silver with the silver removing solution was
not carried out.
[0045] With this metal/ceramic circuit board, the pres-
ence of occurrence of migration, the withstand voltage,
the wire bonding ability and the solder wettability were
evaluated by the same methods as those in Example 1.
As a result, the number of the place (s) of occurrence of
migration was very large, so that there was conspicuous
occurrence of migration, although the withstand voltage,
the wire bonding ability and the solder wettability were
good.
[0046] Furthermore, a cross-section of each of the met-
al/ceramic circuit boards in Examples 1-3 and Compar-
ative Examples 1-2 was observed. As a result, Ag existed
between the surface of the copper circuit plate and the
plating film in each of the metal/ceramic circuit board in
Comparative Examples 1-2, although Ag was not con-
firmed between the surface of the copper circuit plate
and the plating film in each of the metal/ceramic circuit
board in Examples 1-3.

Claims

1. A method for producing a metal/ceramic circuit
board, the method comprising the steps of:

bonding a copper plate (14) to at least one sur-
face of a ceramic substrate (10) via an active
metal containing brazing filler metal (12) which
contains silver; and removing an unnecessary
portion of the copper plate (14), wherein
after the unnecessary portion of the copper plate
(14) is removed, an unnecessary portion of the
active metal containing brazing filler metal (12)
is removed,
characterised in that:
the surface of the copper plate (14) is chemically
polished to cause the active metal containing
brazing filler metal (12) to protrude from a side
face portion of the copper plate (14) while caus-
ing silver to be adhered to the surface of the
copper plate (14) to form a silver layer (18) ther-
eon, and then, the silver layer (18) is removed.

2. A method for producing a metal/ceramic circuit board

as set forth in claim 1, wherein said active metal con-
taining brazing filler metal (12) comprises silver, cop-
per and an active metal.

3. A method for producing a metal/ceramic circuit board
as set forth in claim 2, wherein said active metal con-
taining brazing filler metal (12) contains tin.

4. A method for producing a metal/ceramic circuit board
as set forth in claim 2, wherein the content of silver
in said active metal containing brazing filler metal
(12) is not less than 70 % by weight.

5. A method for producing a metal/ceramic circuit board
as set forth in claim 1, wherein a plating film (20) is
formed on an exposed surface of the copper plate
(14) and active metal containing brazing filler metal
(12) after removing the silver layer (18) adhered to
the surface of the copper plate.

6. A method for producing a metal/ceramic circuit board
as set forth in claim 5, wherein said plating film (20)
is formed by electroless nickel alloy plating.

7. A method for producing a metal/ceramic circuit board
as set forth in claim 1, wherein said chemical polish-
ing is carried out by a chemical polishing solution
having a copper dissolving rate which is ten times or
more as high as a silver dissolving rate.

8. A method for producing a metal/ceramic circuit board
as set forth in claim 1, wherein the removal of the
silver layer (18) is carried out by a silver removing
solution having a silver dissolving rate which is ten
times or more as high as a copper dissolving rate.

Patentansprüche

1. Verfahren zur Herstellung einer Metall-Keramik-Lei-
terplatte, wobei das Verfahren die Schritte umfasst:

Verbinden einer Kupferplatte (14) mit mindes-
tens einer Oberfläche eines Keramiksubstrats
(10) über ein Aktivmetall-haltiges Hartlot (12),
welches Silber enthält; und Entfernen eines ent-
behrlichen Teils der Kupferplatte (14), wobei,
nachdem der entbehrliche Teil der Kupferplatte
(14) entfernt ist, ein entbehrlicher Teil des Ak-
tivmetall-haltigen Hartlots (12) entfernt wird,
dadurch gekennzeichnet, dass:
die Oberfläche der Kupferplatte (14) chemisch
poliert wird, um zu bewirken, dass das Aktivme-
tall-haltige Hartlot (12) über einen Seitenflä-
chenteil der Kupferplatte (14) hinausragt, wäh-
rend bewirkt wird, dass Silber an der Oberfläche
der Kupferplatte (14) anhaftet, um darauf eine
Silberschicht (18) zu bilden, und daraufhin die
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Silberschicht (18) entfernt wird.

2. Verfahren zur Herstellung einer Metall-Keramik-Lei-
terplatte nach Anspruch 1, wobei das Aktivmetall-
haltige Hartlot (12) Silber, Kupfer und ein Aktivmetall
umfasst.

3. Verfahren zur Herstellung einer Metall-Keramik-Lei-
terplatte nach Anspruch 2, wobei das Aktivmetall-
haltige Hartlot (12) Zinn enthält.

4. Verfahren zur Herstellung einer Metall-Keramik-Lei-
terplatte nach Anspruch 2, wobei der Silbergehalt im
Aktivmetall-haltigen Hartlot (12) nicht weniger als 70
Gewichtsprozent beträgt.

5. Verfahren zur Herstellung einer Metall-Keramik-Lei-
terplatte nach Anspruch 1, wobei nach dem Entfer-
nen der an der Oberfläche der Kupferplatte (14) an-
haftenden Silberschicht (18) ein Plattierungsfilm (20)
auf einer freiliegenden Oberfläche der Kupferplatte
(14) und des Aktivmetall-haltigen Hartlots (12) ge-
bildet wird.

6. Verfahren zur Herstellung einer Metall-Keramik-Lei-
terplatte nach Anspruch 5, wobei der Plattierungs-
film (20) durch stromlose Abscheidung einer Nickel-
legierung gebildet wird.

7. Verfahren zur Herstellung einer Metall-Keramik-Lei-
terplatte nach Anspruch 1, wobei das chemische Po-
lieren mittels einer chemischen Polierlösung durch-
geführt wird, welche eine Kupferauflösungsrate auf-
weist, die das Zehnfache oder mehr einer Silberauf-
lösungsrate beträgt.

8. Verfahren zur Herstellung einer Metall-Keramik-Lei-
terplatte nach Anspruch 1, wobei die Entfernung der
Silberschicht (18) mittels einer Silberentfernungslö-
sung durchgeführt wird, welche eine Silberauflö-
sungsrate aufweist, die das Zehnfache oder mehr
einer Kupferauflösungsrate beträgt.

Revendications

1. Procédé de production d’une carte de circuit mé-
tal/céramique, le procédé comprenant les étapes
de :

liaison d’une plaque de cuivre (14) à au moins
une surface d’un substrat en céramique (10) via
un métal actif contenant un métal de charge de
brasage (12) qui contient de l’argent ; et l’enlè-
vement d’une partie non nécessaire de la plaque
de cuivre (14), dans lequel
après l’enlèvement de la partie non nécessaire
de la plaque de cuivre (14), une partie non né-

cessaire du métal actif contenant le métal de
charge de brasage (12) est enlevée,
caractérisé en ce que :
la surface de la plaque de cuivre (14) est polie
chimiquement pour entraîner le métal actif con-
tenant le métal de charge de brasage (12) à faire
saillie à partir d’une partie de face de côté de la
plaque de cuivre (14) tout en entraînant l’argent
à être collé à la surface de la plaque de cuivre
(14) pour former une couche d’argent (18) des-
sus, puis, la couche d’argent (18) est enlevée.

2. Procédé de production d’une carte de circuit mé-
tal/céramique selon la revendication 1, dans lequel
ledit métal actif contenant le métal de charge de
brasage (12) comprend de l’argent, du cuivre et un
métal actif.

3. Procédé de production d’une carte de circuit mé-
tal/céramique selon la revendication 2, dans lequel
ledit métal actif contenant le métal de charge de
brasage (12) contient de l’étain.

4. Procédé de production de circuit de carte métal/cé-
ramique selon la revendication 2, dans lequel la te-
neur d’argent dans ledit métal actif contenant le mé-
tal de charge de brasage (12) est de pas moins de
70 % en poids.

5. Procédé de production d’une carte de circuit mé-
tal/céramique selon la revendication 1, dans lequel
un film de placage (20) est formé sur une surface
exposée de la plaque de cuivre (14) et du métal actif
contenant le métal de charge de brasage (12) après
l’enlèvement de la couche d’argent (18) collée à la
surface de la plaque de cuivre.

6. Procédé de production d’une carte de circuit mé-
tal/céramique selon la revendication 5, dans lequel
ledit film de placage (20) est formé par placage d’un
alliage de nickel sans électrons.

7. Procédé de production d’une carte de circuit mé-
tal/céramique selon la revendication 1, dans lequel
ledit polissage chimique est réalisé par une solution
de polissage chimique ayant un taux de dissolution
de cuivre qui est dix fois ou plus aussi élevé qu’un
taux de dissolution d’argent.

8. Procédé de production d’une carte de circuit mé-
tal/céramique selon la revendication 1, dans lequel
l’enlèvement de la couche d’argent (18) est réalisé
par une solution d’enlèvement d’argent ayant un taux
de dissolution d’argent qui est dix fois ou plus aussi
élevé qu’un taux de dissolution de cuivre.
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