
EP 0 461 609 B1 Description The present invention relates to a method of
forming a metallized layer on a surface of an aluminum nitride base
material, and more particularly, It relates to a method of forming a
metallized layer containing high melting 5   metal as a metal component In
recent years, a semiconductor device has been highly integrated with an
increased operating speed, and the degree of integration has been extremely
Improved particularly in LSi etc. Thus, heatradiation property has been
increasingly emphasized as to a substrate material for carrying a
semiconductor element thereon. A ceramic material for such an IC substrate
has been generally prepared from alumina [err]. However, a conventional
alumina sintered body has low thermal conductivity and insufficient heat
radiation property. Thus, it Is difficult to apply such an alumina sintered
body to a ceramic material for a substrate, which can suf- ficiently cope
with increase in calorific power of an IC chip. In place of such an alumina
substrate, attention has recently been directed to a substrate or a heat
sink which is prepared from alumina nitride having high thermal
conductivity, and deep study has been made to 15   put the same into
practice. Aluminum nitride is a material essentially having high thermal
conductivity and high insulability, with no toxity dissimilarly to
beryllia, which also has high thermal conductivity. Thus, aluminum nitride
is expected as an insulating material or a package material for a
semiconductor device. However, an aluminum nitride sintered body having the
aforementioned characteristics Is disadvantageous in junction strength with
respect to a metal 20  or vitreous material. Such an aluminum nitride
sintered body with a metallized layer on its surface. This met- allized
layer is formed by a thick film forming method of directly applying
commercially available metallized paste onto the surface of the aluminum
nitride sintered body, or a thin film method of forming a thin film of an
active metal or a metal by a technique such as vapor deposition. In the
metallized layer formed by such a method, however, it is Impossible to
attain sufficiently practicable junction strength with respect to the
aluml- 25  num nitride sintered body. In practice, therefore, it is
necessary to reform the surface of the aluminum nitride sintered body by
some technique before or during the metallization step, in order to improve
junction strength with respect to a metal, for example. In a well-known
conventional method for such reforming, an oxide layer is formed by
oxidizing a surface of an aluminum nitride sintered body. 30  For example,
Japanese Patent Publication No. 58-11390 (1983) discloses a method of
forming an oxide .         layer of [err] mullite, [err] and the like on a
surface of an aluminum nitride sintered body. However, although such an
oxide layer has excellent affinity with respect to a glass layer, an
alumina layer etc., it is inferable that the same has small affinity with
respect to the aluminum nitride sintered body itself and is dis-
advantageous in reliability. The wording "reliability" includes such
conditions that junction strength between 35 the oxide layer and the
aluminum sintered body involves no dispersion, constant junction strength
can be main- tained in a prescribed heat cycle test, and the like. On the
other hand, Japanese Laying-Open No. 63-115393 (1988) discloses a method of
applying conduc- tive pastewhich is mainlycomposed oftungsten
and/molybdenum and an agentforreinforcing junction strength prepared from
an oxide mixture of SiO2, A1203 and CaO onto an aluminum nitride sintered
body and thereafter 40  firing the same at a temperature of at least [err].
However, this method has such problems that the firing temperature is too
high and the as-formed metallized layer is rather insufficient in
reliability. An object of the present invention is to provide a method of
forming a metallized layer on an aluminum nitride base material, which can
form a metallized layer having high junction strength and high reliability
at a lower firing temperature. 45      The inventive method of forming a
metallized layer on a surface of an aluminum nitride base material com-
prises the steps of. (a) preparing an aluminum nitride base material from
either an aluminum nitride compact or an aluminum 



nitride sintered body which Is previously formed to have a prescribed
configuration; (b) preparing high melting metal paste containing at least 1
percent by weight and not more than 40 percent 50      by weight of at
least one oxide selected from a group of [err], at least 0.01 percent by
weight and not more than 1.0 percent by weight of at least one iron family
metal, and a high melting metal which is composed of tungsten and
molybdenum with a weight ratio (W/Mo) of tungsten to molyb- denum of at
least 1/1 and not more than 1000/1; (c) applying the high melting Metal
paste onto a surface of the aluminum nitride base material; and 5      (d)
heating/firing the aluminum nitride base material, which is coated with the
high melting metal paste, under a temperature of at least [err] and not
more than [err]. In relation to the aforementioned step (b), the iron
family metal indicates iron, cobalt or nickel. According to the inventive
method of forming a metallized layer, metal paste having a prescribed
compo- 2    EP O 461 609 B1 sition is applied onto a surface of an aluminum
nitride sintered body by screen printing or the like, and then fired.
Aternatively, such metal paste is applied onto a surface of an aluminum
nitride compact such as a press- ed body ora sheet compact, and
thereafterthe aluminum nitride compact Isfired simultaneously with the
metal paste, to be densified. The metal paste is mainly composed of oxide
powder, iron family metal powder and high melting metal pow- der, and
contains an organic substance In addition. This organic substance is
composed of ethyl cellulose resin, nitrocellulose resin or acrylic resin,
and a solvent which is responsive to the resin. The oxide powder is. an im-
portant element in the inventive method of forming a metallized layer. This
oxide powder contains at least one 10  oxide selected from a group of
[err]. The metal paste contains at least 1 percent by weight and not more
than 40 percent by weight of such an oxide component. If the content of the
oxide component Is less than 1 percent by weight, the as-formed metallized
layer has merely small adhesion strength with re- spect to the aluminum
nitride sintered body. If the amount of the oxide component contained In
the metal paste exceeds 40 percent by weight, on the other hand, adhesion
strength of the metallized layer with respect to 15   the aluminum nitride
sintered body is reduced. The metal paste contains at least 0.01 percent by
weight and not more than 1.0 percent by weight of the iron family metal.
The iron family metal is adapted to facilitate sintering of the high
melting metal contained in the metal paste. If the amount of the iron
family metal contained in the metal paste is less than 0.1 percent by
weight, It Is not possible to attain the aforementioned object. If the
amount of the Iron family metal contained 20  in the metal paste exceeds
1.0 percent by weight, on the other hand, adhesive strength between the
aluminum nitride sintered body and the metallized layer is reduced. The
high melting metal powder contained in the metal paste is made of a mixture
of tungsten powder and molybdenum powder. The weight ratio (W/Mo) of the
tungsten powder to the molybdenum powder Is at least 1/1 and not more than
1000/1. If the weight ratio of the tungsten powder to the molybdenum powder
Is less 25  than 1/1, adhesive strength between the metallized layer and
the aluminum nitride sintered body is reduced. If the weight ratio of the
tungsten powder to the molybdenum powder exceeds 1000/1, on the other hand,
the tungsten powder is insufficiently sintered. When the weight ratio
(W/Mo) of the tungsten powderto the molybdenum powder is in the
aforementioned range of at least 1/1 and not more than 1000/1, it Is
possible to attain adhesive strength of at least 5 kg/[err]. 30  When the
aforementioned weight ratio (W/Mo) is within a range of at least 5 and not
more than 100, further, it is possible to attain adhesive strength of at
least 7 kg/mm2. The components forming the metal paste are sufficiently
kneaded with each other by a ball mill, a triple- 



roll mill, or the like. The as-formed metal paste Is applied onto a surface
of an aluminum nitride sintered body or an aluminum nitride compact which
is formed by a pressed body or a sheet compact, by screen printing, 35
brush application or the like. The aluminum nitride sintered body or the
aluminum nitride compact thus coated with the metal paste is then dried and
heated/fired in a non-oxidizing atmosphere under a temperature of at least
[err] and not more than [err]. When the metal paste is applied onto a
surface of an aluminum nitride sintered body, this sintered body Is
preferably heated/sintered in an atmosphere containing hydrogen under a
temperature of at least [err] and not more than [err]. When the metal paste
Is applied onto a surface of 40  an aluminum nitride compact, on the other
hand, this compact is heated/fired in an atmosphere containing ni- trogen
under a temperature of at least [err] and not more than [err]. If the
firing temperature is less than the lower limit In each heating/firing
condition, sintering is so insufficient that the as-formed metallized layer
is not Improved In adhesive strength with respect to the aluminum nitride
sintered body or compact. If the firing temperature exceeds the upper limit
in each condition, on the other hand, adhesive strength of the metallized
45  layer is rather reduced with respect to the aluminum nitride sintered
body or compact. The foregoing and other objects, features, aspects and
advantages of the present invention will become more apparent from the
following detailed description of the present invention when taken In
conjunction with the accompanying drawings. Fig. 1 is a side elevational
view showing a method of measuring peel strength of a lead frame which is
50     joined onto an aluminum nitride sintered carrier through a
metallized layer; and Fig. 2 Is a graph showing relations between weight
ratios (W/Mo) of tungsten powder to molybdenum pow- der contained in metal
paste materials and peel strength values. Example 1 55 Ethyl cellulose and
butyl carbitol were added to tungsten powder materials, oxide powder
materials and iron family metal powder materials shown in Table 1, and
sufficiently kneaded by a triple-roll mill, to prepare metal paste
materials for respective samples. The metal paste materials were applied to
surfaces of sintered bodies or sheet compacts of aluminum nitride
containing 1 percent by weight of [err] by screen printing re- 3    EP 0
461 609 B1 spectively. Thereafter the samples were heated/fired in
accordance with firing conditions shown in Table 1. Referring to Table 1,
[err] indicates that the volume ratio of N2 gas to H2 gas is 95:5. On the
other hand, [err] indicates that the volume ratio of [err] gas to [err] gas
is 50:50. 5      Nickel-plated layers of 1.0 [err] in thickness were formed
on surfaces of the as-formed metallized layers. Lead frames of copper were
brazed on the nickel-plated layers. In the respective samples thus
prepared, the lead frames were pulled in prescribed directions, in order to
measure peel strength values as adhesive strength values of the metallized
layers with respect to the aluminum nitride sintered bodies or compacts.
Fig. 1 shows a method of measuring peel strength. A metallized layer Is
formed on an aluminum nitride 10 sintered carrier 1. A copper member (lead
frame) 3 Is joined on the metallized layerthrough a brazing layer 2.
Referring to Fig. 1, symbol L denotes a length of 5 mm, symbol H denotes a
height of 15 mm, and symbol [err] denotes a thickness of 0.2 mm.
Thejunction area of the copper member3 is 5 mm by5 mm. The copper member 3
Is pulled along the arrow for measuring a load for peeling the copper
member 3, thereby measuring the peel strength. 15     Table 1 shows the
adhesive strength values measured in the aforementioned manner. Samples
shown with marks * are comparative samples. As understood from Table 1, the
metallized layers formed according to the inventive method attained
extremely high adhesive strength values of at least 5 kg/[err] with respect
to 



the aluminum nitride sintered bodies or compacts. 20 25 30 40 45 55 4    EP
O 461 609 B1    EP 0 461 609 B1 Example 2 Metal paste materials were
prepared in a similar manner to Example 1. Tungsten powder materials were 5
mixed with molybdenum powder materials in various weight ratios (W/Mo),
while other paste components were selected In a similar manner to the
sample No. 11 shown in Table 1, to prepare metal paste materials for re-
spective samples. The as-formed metal paste materials were applied onto
surfaces of aluminum nitride sintered bodies by screen printing.
Thereafterthe samples were heated/fired in accordance with firing
conditions similar to those for the sample No. 11 shown in Table 1. 10
In orderto evaluate the as-formed metallized layers, peel strength values
were measured in a similar man- ner to Example 1. Fig. 2 shows the results
of the measured peel strength values. As understood from Fig. 2, it is
possible to attain high peel strength of at least about 5 kg/mm2 when the
weight ratio W/Mo is within the range of 1 to 1000. In particular, it is
possible to attain high peel strength of at least about 7 kg/[err] when the
weight ratio W/Mo is in a range of 5 to 100. 15 Claims 1. A method of
forming a metallized layer on a surface of an aluminum nitride base
material, comprising the 20      steps of: preparing an aluminum nitride
base material from either an aluminum nitride compact or an alumi- num
nitride sintered body being previously formed to have a prescribed
configuration; preparing high melting metal paste containing at least 1
percent by weight and not more than 40 percent by weight of at least one
oxide selected from a group of [err], at least 0.01 25      percent by
weight and not more than 1.0 percent by weight of at least one iron family
metal, and a high melting metal being composed of tungsten and molybdenum
with a weight ratio (W/Mo) of tungsten to mo- lybdenum of at least 1/1 and
not more than 1000/1; applying said high melting metal paste onto a surface
of said aluminum nitride base material; and heating/firing said aluminum
nitride base material, being coated with said high melting metal paste, 30
under a temperature of at least [err] and not more than [err]. 2.  A method
of forming a metallized layer in accordance with claim 1, wherein said
aluminum nitride base material is prepared from an aluminum nitride
sintered body, and said step of heating/firing said aluminum nitride base
material being coated with said high melting 35      metal paste includes a
step of heating/firing said aluminum nitride sintered body in a
non-oxidizing atmos- phere containing hydrogen under a temperature of at
least [err] and not more than [err]. 



3. A method of forming a metallized layer in accordance with claim 1,
wherein said aluminum nitride base material is prepared from an aluminum
nitride compact, and 40            said step of heating/firing said
aluminum nitride base material being coated with said high melting metal
paste includes a step of heating/firing said aluminum nitride compact in a
non-oxidizing atmosphere containing nitrogen under a temperature of at
least [err] and not more than [err]. 4.  A method of forming a metallized
layer In accordance with claim 1, wherein 45            said weight ratio
(W/Mo) Is at least 5 and not more than 100. Patentanspriiche 50  1.
Verfahren zurHerstellung einer Metallschichtauf einerOberfiiche
einesAluminiumnitrid-Grundmaterials, welches folgende Schritte umfaSt: -
Herstellen elnes Aluminiumnitrid-Grundmaterials entweder aus einem
Aluminiumnitrid-PreIkOrper oder einem Aluminiumnitrid-Sinterk8rper, der
vorher so geformt wurde, daS er eine vorgegebene Konfiguration aufweist; 55
- Herstellen eaner hochschmelzenden Metallpaste, die wenigstens I Gew.-%
und nicht mehr als 40 Gew.-% wenigstens eines Oxides, ausgewdhlt aus einer
Gruppe von AJ203, SiO2, CaO und Y203, wenigstens 0,01 Gew.-% und nicht mehr
als 1,0 Gew.-% wenigstens eines Metalls der Elsenfamilien und ein
hochschmelzendes Metall, das aus Wolfram und MolybdAn mit einem
Gewichtseverhaltnls (W/Mo) von Wolfram zu MolybdAn von wenigstens 11 und
nicht mehr als I 000/i besteht, enthfilt; 6    .   . EP 0 461 609 B1
Example 2 Metal paste materials were prepared In a similar manner to
Example 1. Tungsten powder materials were 5 mixed with molybdenum powder
materials In various weight ratios (CNMo), while other paste components
were selected In a similar manner to the sample No. 11 shown in Table 1, to
prepare metal paste materials for re- .spective samples. The as-formed
metal paste materials were applied onto surfaces of aluminum nitride
sintered bodies by screen printing. Thereafterthe samples were heated/fired
in accordance with firing conditions similar to those for the sample No. 11
shown in Table 1. 10      In forderto evaluate the as-formed metallized
layers, peel strengthvalueswere measured in a simlarman- ner to Example 1.
Fig. 2 shows the results of the measured peel strength values. As
understood from Fig. 2, it is possible to attain high peel strength of at
least about 5 kg/mm2 when the weight ratio W/Mo is within the range of l to
1000. In particular it Is possible to attain high peel strength of at least
about 7 kg/mm2 when the weight ratio W/Mo Is In a range of 5 to 100. .: .
Claims - .           i *..  1. Amethod of forming a metallized layeron a
surface of an aluminum nitride base material, comprising the 20      steps
of: preparing an aluminum nitride base material from either an aluminum
nitride compact or an alumi- num nitride sintered body being previously
formed to have a prescribed configuration; preparing high melting metal
paste containing at least 1 percent by weight and not more than 40 - -  -I
-          percent by weight of at least one oxide selected from a group of
A1203, SiO2, CaO and Y203, at least 0.01 25      percent by weight and not
more than 1.0 percent by weight of at least one iron family metal, and a
high . .. ....  melting metal being composed of tungsten and molybdenum
with a weight ratio (W/Mo) of tungsten to mo- lybdenum of at least 1/l and
not more than 1000/1; applying said high melting metal paste onto a surface
of said aluminum nitride base material; and 



; -                  heating/firing said aluminum nitride base material,
being coated with said high melting metal paste, *  :     90       under a
temperature of at least 14000C and not more than 20000C. 2. A method of
forming a metallized layer in accordance with claim 1, wherein said
aluminum nitride base material is prepared fron an aluminum nitride
sintered body, and said step of heating/firing said aluminum nitride base
material being coated with said high melting ...:.35    metal paste
includes a step of heatingfiring said aluminum nitride sintered body In a
non-oxidizing atmos- phere containing hydrogen under a temperature of at
least 14000C and not more than 16000C. ....    ..   .. . . 3. A method of
forming a metallized layer in accordance with claim 1, wherein said
aluminum nitride base material is prepared from an aluminum nitride
compact, and 40            said stop of heating/firing said aluminum
nitride base material being coated with said high melting metal paste
includes a step of heatingifiring said aluminum nitride compact in a
non-oxidizing atmosphere containing nitrogen under a temperature of at
least 1600C and not more than 20000C. -* - - E      4. A method of forming
a metallized layer in accordance with claim 1, wherein said weight ratio
(W/Mo) Is at least 5 and not more than 100. Patentansprruche .1. Verfahren
zurHerstellung einer Metallschichtauf einerOberflgche eines
Aluminiumnitrid-Grundmaterials, weiches folgende Schritte umfalt -
Herstellen sines Aiuminiumnitrid-Grundmaterials entweder aus einem
Aluminiumnitrid-PreBkOrper oder einem Aluminiumnltrid-Sinterk8rper, der
vorher so geformt wurde, daS er eine vorgegebene Konfiguration aufwelst; -
Herstellen einer hochschmeizenden Metallpaste, die wenigstens I Gew.-% und
nicht mehr als 40 Gew-% wenigstens sines Oxides, ausgewahit aus elner
Gruppe von A1203, S102, CaO und Y203, wenigstens 0,01 Gew.-% und nicht mehr
als 1,0 Gew.-% wenigstens eines Metalls der Elsenfamillen und ein
hochschmelzendes Metall, das aus Wolfram und MolybdAn mIt elnem
Gewichtsverhiltnis (W/Mo) von Wolfram zu Molybdin von wenigstens 11 und
nicht mehr als 1000/1 besteht, enthflt, 6 ffi~~~~~~~~~    EP O 481 609 B1 -
Aufbringen der hochschmeizenden Metailpaste auf sine Oberfiache des
Aluminiumnitrid-Grundma- terials; und - Erwarmen/Brennen des
Aluminiumnitrid-Grundmaterials, das mit der hochschmelzenden Metalipa- ; ,
o5          ste Oberzogen ist, be! einer Temperatur von wenigstens 1400C
und nicht mehr als 20000C. 2. Verfahren zum Herstellen elner Metallschicht
nach Anspruch 1, wobel - das Aluminiumnltrid-Grundmaterial aus elnem
Aiuminiumnitrid-Sinterkorper hergestellt wird, und - der Schritt des
ErwarmenslBrennens des mit der hochschmoizenden Metallpast beschichteten
Alu- 10          miniumnitrid-Grundmaterials eonen Schritt des
ErwArmenslBrennens des Aluminiumnitrid-Sinterk8r- pers In
elnerWasserstoffenthaltenden, nichtoxidlerendenAtmosphAre bel
einerTemperatur von we- nigstens 1400C und nicht mehr ala 1600C umfaet 3.
Verfahren zum Herstellen einer Metallschicht nach Anspruch 1, wobel ts
- das Aiuminiumnitrid-Grundmaterial das einem Aluminiumnitrid-Preikorper
hergestelit wird, und - der Schritt des Erwarmens/Brennens des mit der
hochschmelzenden Metallpastb beschichteten Aiu- miniumnitrid-Grundmatortals
einen Schritt des ErwarmenslBrennens des Aluminiumnitrid-Preokor- pers in
einer Stlckstoff enthaltenden, nicht oxidierenden AtmosphAre be! einer
Temperatur von we- 



nigstens 16000C und nicht mehr als 20000C umfa~t. .20 .4. Verfahren zum
Herstellen elner Metallschicht nach Anspruch 1, wobel - das
GewIchtsverhAltnis (W/Mo) wenigstens 4 und nicht mehr ala 100 betragt.
Revendlcatlons 28 1. Procede pour la formation d'une couche metallisee sur
une surface d'un materiau a base de nitrure d'alu- minium, comprenant les
etapes consistent A: preparer un materiau a base de nitrure d'aluminium
provenant soit d'un corps compact au nitrure d'aluminium, solt d'un corps
fritte ou agglomere au nitrure d'aluminium qui a ete pr6alablement fagonnh
pour presenter une configuration prescrite; preparer une pate de metal A
point de fusion eleve contenant au moins I % en poids et pas plus de 40 %
en poids d'au moins un oxyde cholst dans un group. de A1203, Si02, Cao
etY203, au moins 0,01 % en poids et pas plus de 1,0 % en poids d'au moins
un metal de la famille du fer, et un mbtal A point de fusion eleve etant
constitue detungstene etde molybdeneavecun rapport ponderal (W/Mo)
entreletungs- 85 tens et Io molybdene d'au momns 1r1 et pas plus de 100011;
appliquer la pate de metal A point de fusion eleve sur une surface du
matdiiau A base de nitrure d'aluminium; et chauffer et cuire le materlau A
base de nitrure d'aluminium, revetu de la pate de metal A point de fusion
eleve a une tbmperature d'au moins 1400C et pas plus de 20000C. 40 -  .-'
2.  Procede pour la formation d'une couche metallisee selon la
revendicatlon 1, dans lequel le mateilau A base de nitrure d'alumintum east
prepare a partir d'un corps fritt6 ou agglomere de nitrure d'aluminlum, et
.'etape de chauffage/cuisson du mat6riau a base de nitrure d'aluminium eot
revetue de la pate de metal A point de fusion eleve et comprend l'etape de
chauffage/cuisson du corps fritte ou agglomere de nitrure d'aluminium dans
une atmosphere non oxydante contenantde l'hydrogene A une temperature d'au
moins 14000C et pas plus de 16000C. 3.  ProcdA de formation d'une couche
metallisee selon la revendication 1, dans loquel 50           le materlau a
base de nitrure d'alumInium eot prepare A partir d'un corps compact au
nitrure d'alu- minium, at -I'ape consistent A chauffer/cuire le mat~riau A
base de nitrure d'aluminium est revetue de la pAte ;-.. ......       de
metal A point de fusion leve et comprend une etape de chauffagel-cuisson du
corps compact de nitrure d'aluminium dans une atmosphere non oxydante
contenant de l'azote A une tomperature d'au moins :   55  1600C et pas plus
de 2000C. 4.  Procede pour la formation d'une couche metatilsea sclon la
revendication 1, dans lequel le rapport ponderal (WIMo) est au moins de 5
et pas plus de 100. 7 I.IflhIC  L :11111  1111    


