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through-holes 2 of the insulating board 1, whereby the circuits on the
front and rearsurfaces of the insulating Method of Manufacturing a Ceramic
Circuit Board      board 1 are electrically connected. However, it is
difficult to apply the above- BACKGROUND OF THE INVENTION
5   mentioned method in a manner where the through- holes are completely
filled as shown in Aof Fig. 5, and Field of the Invention
defects as described below often occur. For example, as shown in B of Fig.
5, a gap is formed in a through- The present invention relates to a method
of man-  hole to cause defective connection between the con- ufacturing a
ceramic circuit board comprising a con-   10  ductor pattern 6 on the front
surface of the board and ductive portion capable of electricallyconnecting
cir-  the conductor pattern 6 on the rear surface thereof, cults formed on
front and rear surfaces of an Insulat-  or as shown in C of Fig. 5, the
conductor pattern 5 on ing board.
the front surface and the conductor pattern 6 on the rear surface of the
board are connected by a conduc- Description of the Background Art
15  tive portion 4a which is slightly connected in the through-hole 2.
Thus, this method cannot completely Recently, there have been increasingly
strong    satisfy the above-mentioned requirements for the demands for
small sizes and high reliabilities of elec-  conductive portions 4a of the
through-holes 2, name- tronic devices. In order to meet such demands, meth-
ly, the requirement to ensure complete electric con- ods of mounting
integrated circuits have been devel-  20   nection and the requirement to
maintain airtightness. oped from methods of mounting IC packages on print
Document US-4 861 641 discloses a ceramic circuit boards as In the prior
art to methods of pattern-  composite wherein through-holes are formed by
ing a conductor layer, resistors or the like mainly in a  means of an
infiltration method. For this infiltration structure on a surface of an
insulating board of cer-  method vias are punched in the green tape at
desired amics for example, or directly mounting an IC chip on   25
locations and are filled with metal in. Afterwards, the a board surface and
hermetically sealing it.         ceramic substrate is co-fired to achieve a
porosity In addition, according to demands for large scale  layer in the
vias. After co-firing, a nickel plating is ap- integration or multiple
functions of circuits, develop-  plied to the substrate to ensure
sufficient wetting of ments have been made to form circuit boards having
subsequently applied metal to the vias. Next an infil- circuits not only on
the front surface of an insulating   30  trating metal is applied to the
co-fired substrate di- board but also on the rear surface thereof and
includ-  rectly over the vias. Following the application of the ing
electrical connection of those circuits on the front  infiltrating
material, the composite piece is heated to and rear surfaces of the board
by means of through-  melt the infiltrant. Porosity and small voids present
in holes formed in the board.                           the vias are
removed by means including displace- In such a circuit board having
circuits on both the   35   ment of the pore space by the molten
infiltrant. front and rear surfaces of an insulating board, which   There
is another method as shown in Fig 6. This are.electrically connected, it is
particularly, required  method is disclosed in Japanese Patent Publication
for the portions of through-holes formed in the board  No. 63-64918.
According to this method, at first, pre- that
scribed through-holes 2 are formed In an insulating a. the electrical
connection between the circuits  40   board 1. Next, a conductor pattern 6
is formed on the formed on the front and rear surfaces of the     rear
surface of the board 1 to cover one opening of board be sufficiently
ensured, and              each through-hole 2. Then, a metallic wire 7
having a b. a sufficient airtightness be maintained so as  diameter
slightly smaller than the inner diameter of not to lose the airtightness by
means of the     each through-hole 2 and a length slightly shorter than
through-holes in the case where the circuit  45  the depth of each
through-hole 2 is inserted into each formed on either surface of the board
is hermet-  through-hole 2 from the other open side. After that, a ically
sealed.                                   conductor pattern 5 is formed on
the top of each met- Conventionally, a method shown in Fig.4 4is used
allic wire 7 to seal the other side of each through-hole as a method for
forming conductive portions in       2. through-holes formed in a board.
This method in-  50   However, this method also has a disadvantage in
cludes: forming prescribed through-holes 2 in an in-  maintaining
airtightness of the through-holes 2. More sulating board 1, squeezing metal
paste 4 into the   specifically, the airtightness Is maintained only by the
through-holes 2 using a rubber squeegee 3, and dry-  conductor patterns 5,
6 formed on the upper and low- ing and sintering the metal paste in the
through-holes  er openings of the through-holes 2 and a gap unavoid- 2,
thereby forming metallic conductive portions in the  55  ably exists
between the corresponding metallic wire through-holes 2. Then, as shown In
A of Fig. 5, con-  7 and through-hole 2. Accordingly, if a small gap is
ductor patterns 5, 6 are formed on  upper and 'lower  formed in the work of
making the conductor patterns surfaces of the conductive portions 4a
filling the   5, 6, the airtightness is lost thereby. In addition, it is 2
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the work of inserting the metallic  DESCRIPTION OF THE PREFERRED wires 7
into the through-holes 2, and the efficiency of  EMBODIMENTS work Is not
good. An embodiment of the present invention will be SUMMARY OF THE
INVENTION               5   described with reference to the drawings.
Referring first to Fig. 1A, a through-hole 2 is An object of the present
invention is to provide a  formed In a prescribed region of an Insulating
board method of manufacturing a ceramic circuit board in-  1. A board of
aluminum nitride ([err]), alumina cluding penetrating conductive portions
having good  ([err]), beryllium oxide (BeO) or the like is used as
electrical connection and alrtightness, wherein, in  10  the insulating
board. Particularly, the board of alumi- particular, the conductive
portions are  filling tightly  num nitride is preferred since It has an
excellent heat the through-holes in a ceramic circuit board.      radiating
property and a low reactivity with copper The inventive method of
manufacturing a ceramic  and it is not attacked by permeation of copper in
a circuit board to solve the above object is defined in  subsequent step.
claim 1.                                   15      Next, the following two
methods will be described The high-melting point metal layer is formed by
as a method for forming a high-melting point metal sintering paste metal of
a high melting point in each  layer In the through-hole. According to the
first meth- of the through holes formed in the insulating board.  od, a
perforation process is applied to a non-sintered The high-melting point
metal layer is formed in each  [err] sheet to form a through-hole 2 and
thereafter through hole in a state containing gaps or voids. If a   20
tungsten (W) paste (conductive paste) 10 inserted metal containing copper
is melted to be In contact with  into the through-hole 2 using a
rubbersqueegee 3. Af- such a high-melting point metal layer, the melted
met-  ter that, the [err] sheet 1 and the tungsten paste 10 al permeates
into the high-melting point metal  layer  are sintered at a high
temperature of [err] or more by a capillary phenomenon. Thus, conductive
por-   in an atmosphere containing N2, whereby a tungsten tions where gap
regions of the high-melting point met-  25  layer 10a Is formed (as shown
in Fig. 1B). al layer are tightly filled with copper or the like are
According to the second method, an [err] board formed. Those conductive
portions filled with the   1.sintered and including a prescribed
through-hole 2 high-melting  point metal layer and the high-     is
prepared and tungsten or molybdenum (Mo) paste conductive materialof copper
or the like ensure a suf-  10 Is put into the through-hole 2 using
arubbersquee- ficient electric connection between the front and rear  30
gee 3. After that, the tungsten or molybdenum paste surfaces of the board.
In addition, since the through-  10 is sintered in a non-oxidizing
atmosphere, so that holes are tightly filled, airtightness between the
front  a tungsten or molybdenum layer 10a is formed (as and rear surfaces
of the board is ensured. shown in Fig. 1B). The foregoing and other
objects, features, as-     Thehigh-meltingpointmetallayer 10a formed by
pects and advantages of the present invention will be-  35  such a method
contains a large number of gaps be- come more apparent from the
following.detailed de-  cause the solvent in the paste has been dissipated
at scription of the present Invention when taken in con-  the time of
sintering. In addition, since it is difficult to junction with the
accompanying drawings.             suffciently put the conductive paste In
the through- hole, 2, the through-hole 2 is formed to have some BRIEF
DESCRIPTION OF THE DRAWINGS             40  gaps without being completely
filled. Referring next to Fig. 1C, copper or copper alloy Figs. 1A, 1 B,1C
and 1D are views showing steps  11 is placed on the underside of the
opening of the of manufacturing a ceramic circuit board according to
through-hole 2, so that It Is heated and melted. This an embodiment of the
invention.                     copper or copper alloy 11 may be of a plate
type (as Fig. 2 is a view showing a variant of the manufac-  45  shown in
Fig. 1C) or of a powdertype as shown in Fig. turing step shown in Fig. 1C.
2. The heating temperature is [err] or more, or Fig. 3 is a sectional
structural view of an integrat-  more preferably [err] or more if copper is
used, ed circuit having a ceramic circuit board manufac  whereby it. is
melted. The heating process is per- tured according to the present
invention.          formed in a stream of hydrogen. Fig. 4 is a view.ofa
manufacturing stp in a con-  50  Referringto Fig. 1D,themeltedcopper11
perme- ventional method of forming conductive portions in a  ates the gaps
in the high-melting point metal layer 10a circuit board.
by a capillary phenomenon and completely fills the Fig. 5 is a sectional
structural view of the circuit  through-hole 2. Thus, a conductive portion
4a having board formed by the method shown in Fig. 4.   electric
conductivity and airtightness is formed. Fig. 6 is a sectional structural
view of a circuit  55   The circuit board manufactured by the above- board
manufactured by another conventional meth-    described steps has the
conductive portions which od.     ..      .   .   .   .
tightlyfill the through-holes 2. Those conductive por- tions ensure
electric connection between circuits 3    



5                EP 428 086 086 B1               6 formed on the front and
rear surfaces of the circuit       time of sintering, board since the
high-melting point metal or copper         disposing a metal material
containing cop- having good conductivity Is used for those portions.
per In contact with said sintered paste on In addition, since the
through-holes 3 are tightly filled  the side of said insulating board under
said with those conductive portions, airtightness between   5
through-hole, and the front and rear surfaces of the circuit board is suf-
heating and melting said metal material ficiently ensured.
containing copper under said through-hole Fig. 3 shows an example of
integrated circuitry        in a stream of hydrogen so that said melted
formed on a ceramic circuit board manufactured ac-          metal material
permeates into said high- cording to the present Invention. Thin film
circuits 24   10  melting point metal layer through said gaps are formed on
front and rearsurfaces ofan [err] board         by a capillary phenomenon.
1. Compact conductive portions 4a of tungsten (W) and copper (Cu) are
formed in respective through-  2. The method of manufacturing a ceramic
circuit holes 2. The thin film circuit 24 formed on the front  board in
accordance with claim 1, wherein surface of the [err] board 1 and the thin
film circuit 24   15  said through-hole (2) is formed on the in- formed on
the rear surface thereof are electrically    sulating board (1) not
sintered, connected through the conductive portions 4a. The            said
high-melting point metal layer (1 Oa) is [err] board is 1.0mm in thickness
and the inner diam-    formed by putting high-melting point metal paste
eter of each through-hole 2 is 0.1mm. In the case of   (10) Into said
through-hole and sintering said in- using a circuit board of such size, it
would be impos-  20  sulating board and said high-melting point metal sible
in a conventional method to maintain complete    paste at a high
temperature. electric connection and airtightness. Accordingly, the
circuits on both surfaces of the circuit board exhibit  3. The method of
manufacturing a ceramic circuit good characteristics In electric connection
and air-   board In accordance with claims 1, wherein tightness.
25           said through-hole (2) is formed on the in- Thus, according to
the method of the present in-   sulating board (1) sintered, and vention as
specified In claim 1, after.a igh-melting        said high-melting point
metal layer (10a) is point metal layer is formed in each through-hole in an
formed by putting high-melting point metal paste insulating board, melted
copper fills gaps or the like  (10) into said through-hole and sintering
said in the high-melting point metal layer to form conduc-  30  paste. tive
portions sealing the through-holes. Consequent- ly, it is possible to
realize a circuit board which main- tains good electric connection and.
airtightness be-  Patentansprfuche tween front and rear surfaces of an
insulating board. Although the present invention, has been descri-  35  1.
Verfahren zur Herstellung elner keramischen bed and illustrated in detail,
it is clearly understood  Schaltungsplatte einschlieBlich elnes leltenden
that the same is by way of Illustration and example    Tells, welcher durch
elne Isolierende Platte hin- only and is not to be taken by way of
limitation, the  durch geformt Ist und Schaltkrele elektrisch ver- scope of
the present invention being limited only by   bindet, welche an der Vorder-
und ROckselte der the terms of the appended claims.              40
Isolierenden Platte gebildet sind, umfassend die Schritte: - Bilden sines
Durchgangsloches (2) an el- Claims
ner vorgeschriebenen Stelle der isolieren- den Platte (1), 1. A method of
manufacturing a ceramic circuit  45        - .Bi.lden elner
Hochschmelzpunkt-Metall- board including a conductive portion formed
schlcht(10a) in dem Durchgangslochdurch . through an insulating board and
electrically con-        Eingeben ainer Hochschmelzpunkt-Metall- necting
circuitsformed on front and rearsurfaces          paste (.10) in das
Durchgangsloch und Sin- of the insulating board, comprising the steps of:
tern. der Paste, wodurch In der Hoch- - forming a through-hole (2). in a
prescribed   50   schmelzpunkt-Metalischicht eine groBe An- position of
said insulating board (1),             zahI von Lilcken durch Dissipation
des Lo- - forming in said through-hole. a, high-melting      sungsmittels
in der Paste beim Sintern ge- point metal layer (10a) by putting high-
bildet warden, melting point metal pastes (10)into said        -  Authngen
sines Metallmaterials, welches through-hole and sintering said paste,  55
Kupfer enthalt, In Kontakt mit der gesinter- thereby forming In said
high-melting point         ten Paste auf der Seiat der Isolierplatte un-
metal layer a large number of gaps through         ter dem Durchgangsloch,
und dissipation of the solvent in the past at the    - Aufheizen und
Schmeizen des Metallmate- 4    
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6 formed on the front and rear surfaces of the circuit          time of
sintering, board since the high-melting point metal or copper          -
disposing a metal material containing cop- having good conductivity is used
for those portions.          per in contact with said sintered paste on In
addition, since the through-holes 3 are tightly filled     the side of said
insulating board under said with those conductive portions, airtightness
between    5     through-hole, and the front and rear surfaces of the
circuit board is suf-    - heating and melting said metal material
ficiently ensured.                                            containing
copper under said through-hole Fig. 3 shows an example of integrated
circuitry           in a stream of hydrogen so that said melted formed on a
ceramic circuit board manufactured ac-            metal material permeates
into said high- cording to the present invention. Thin film circuits 24
10  melting point metal layer through said gaps are formed on front and
rearsurfaces of an [err] board          by a capillary phenomenon. 1.
Compact conductive portions 4a of tungsten (W) and copper (Cu) are formed
in respective through-     2. The method of manufacturing a ceramic circuit
holes 2. The thin film circuit 24 formed on the front    board in
accordance with claim 1, wherein surface of the [err] board 1 and the thin
film circuit 24   15  said through-hole (2) is formed on the In- formed on
the rear surface thereof are electrically      sulating board (1) not
sintered, connected through the conductive portions 4a. The
said high-melting point metal layer (1 Oa) Is [err] board is 1.0mm in
thickness and the inner diam-      formed by putting high-melting point
metal paste eter of each through-hole 2 is 0.1mm. In the case of     (10)
into said through-hole and sintering said in- using a circuit board of such
size, it would be impos-  20  sulating board and said high-melting point
metal sible in a conventional method to maintain complete      paste at a
high temperature. electric connection and airtightness. Accordingly, the
circuits on both surfaces of the circuit board exhibit  3. The method of
manufacturing a ceramic circuit good characteristics in electric connection
and air-     board in accordance with claims 1, wherein tightness.
25            said through-hole (2) is formed on the in- Thus, according to
the method of the present in-      sulating board (1) sintered, and vention
as specified in claim 1, after, a high-melting        said high-melting
point metal layer (10a) Is point metal layer is formed in each through-hole
in an   formed by putting high-melting point metal paste insulating board,
melted copper fills gaps or the like   (10) into said through-hole and
sintering said in the high-melting point metal layer to form conduc-  30
paste. tive portions sealing the through-holes, Consequent- ly, it is
possible to realize a circuit board which main- tains good electric
connection and airtightness be-   Patentanspruche tween front and rear
surfaces of an insulating board. Although the present invention has been
descri-  35   1. Verfahren zur Herstellung einer keramischen bed and
illustrated in detail, it is clearly understood   Schaltungsplatte
einschiie(llch elnes leitenden that the same is by way of illustration and
example      Tells, welcher durch elne Isollerende Platte hin- only and is
not to be taken by way of limitation, the    durch geformt ist und
Schaltkreise elektrlsch ver- scope of the present invention being limited
only by     bindet, welche an der Vorder- und RUckseite der the terms of
the appended claims.               40       Isolierenden Platte gebildet
sind, umfassend die Schritte: - Bilden eines Durchgangsloches (2) an ei-
Claims                                                        ner
vorgeschriebenen Stelle der isolieren- den Platte (1), 1. A method of
manufacturing a ceramic circuit  45          - Bilden  einer
Hochschmelzpunkt-Metall- board including a conductive portion formed
schicht (IOa) in dem Durchgangsloch durch through an insulating board and
electrically con-         Eingeben einer Hochschmelzpunkt-Metall- necting
circuits formed on front and rear surfaces        paste (10) in das
Durchgangsloch und Sin- of the insulating board, comprising the steps of:
tern der Paste, wodurch in der Hoch- - forming a through-hole (2) in a
prescribed   50       schmelzpunkt-Metalischicht eine grole An- position of
said insulating board (1),               zahl von LOcken durch Dissipation
des Lo- - forming in said through-hole a high-melting
sungsmittels in der Paste beim Sintern ge- point metal layer (10a) by
putting high-              bildetwerden, melting point metal paste (10)
into said           - Aufbringen eines Metallmaterials, welches
through-hole and sintering said paste,  55            Kupfer enthilt, in
Kontakt mit der gesinter- thereby forming in said high-melting point
ten Paste auf der Seite der Isolierplatte un- metal layer a large number of
gaps through           ter dem Durchgangsloch, und dissipation of the
solvent in the paste at the      - Aufheizen und Schmelzen des Metallmate-
4   
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S    * rials, welches Kupfer enthilt, unter dem             de fusion elev6
a travers ces espaces vides Durchgangsloch in einem Strom von Was-
par effet de capillaritM. serstoff, sodaB des geschmolzene Metall- material
In die Hochschmeizpunk Metall-      2. Procedb pour la fabrication d'une
plaquette de schicht durch die Lucken mitteis. der Kapil-   s  circuits
imprim6s en ceramique selon la revendi- lareffekts eindringt.  -
cation 1 dans.1equel .le trou traversant (2) est fonm6 sur la pla- 2.
Verfahren zur Hersitelung einer; keramiachen         quetteisolant(1)non
frittbe, Schaltungsplatte nach Anspruch, -1wormit                  ia
couche m6tallique A point de fusion 61e- das Durchgangsloch (2) auf dir
nicht-  1o      v6 (1a)'est formb e par lintroduction de la pate
gesinterten isoierenden Platte (1) gebildet st       metaliique A point de
fusion eleve (10) dans le und
trou trversant et frittage A une temperature le- die
Hochschmelzpunkt-Metsilscicht (1Oa)        vee de Is piequette isolante et
de la pAte metalli- gebildetwird durch Einbringen der Hohschmelz-       que
a point de fusion eleve. punkt-Metallpaste (10) in das. Durchgangsloch  is
und Sintern der lsollerenden Platte und der Hoch-  3. Procede pour la
fabrication d'une plaquette de schmeizpunkt-Metallpaste bel einer hohen
Tem-        circuits imprimes en ceramique selon la revendi- peratur.
cation 1, dans lequel le trou traversant (2) est forme sur la pla- 3.
Verfahren zur Herstellung einer keramischen   20     quetti Isolante (1)
fritt~e, et Schaltungspiatte nach Anspruch 1, worin                   Ia
couche metallique A point de fusion ele- dss Durchgangsioch (2) In der
gesinterten Isolle-    ve (10a) est form6e par l'introduction de la pAte
renden Platte (1) gebildet ist und                   metallique A point de
fusion eleve (10) dans le die Hochschmeizpunkt-Metallschicht (1 Oa) gebil-
trou traversant et par frittage de cette pate. ;s det wird durch Einbringen
der* lioch0schmiiZ-  25 punkt-Metalipasti (1.0) in des Durchgange!och und
Sintirn der Paste. Revendications                                  30 1.
Procede pour la fabrication d'une;.plautte doe circuits imprimes en
ceramlque comportant une portion conductrice formne A travers unie pie-
quetti Isolante et connectant 6ictriquement .des   35 circuits formes sur
lee surfaces evant et arrire de la plaquettb isolante, compronant.
.98etapes consistent a: former un trou traversent (2) dans une po- sition
prescrite de la piequette isolanti (1),  40 former dens ce trou traverssnt
une couche metaelique A point de fusion 6lev6 (1 Oa) en introduisant de
lpabt metallique &.point de fusion eleve (10) dans le trou traversant et in
frittant cette pAti, formant ainsi dans   45 cette couche m6tallique A
point di fusion 6liev un grand nombre d'espaces vides par dissipation du
solvent dans:.a pa.e lorI du frittage, -A mettre un mat6riau metallique
continant   50 du cuivre en contact avec Is pate frittee sur le cMt de la
plaquette isolante sous le trou traversant, et -faire chauffer et fusionner
c9 mit~dau mA- tallique continant le cuivr-e sousiI:trou tra-  55 versent
dans un courant d'hydrogene de fa- con quo Is materiau mhtallique. en
fusion penetre dans la couche metaliQu0e a point 5    


