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FIG.1.

SURFACE OF AN ARTICLE COMPOSED OF A SUBSTANCE
SELECTED FROM THE GROUP OF TUNGSTEN, MOLYBDENUM
AND ALLOYS THEREOF,AND GRAPHITE, IS CLEANED.

THE CLEANED SURFACE OF ARTICLE 1S COATED WITH A
SOLUTION OF MOLYBDENUM OXIDE,PREFERABLY A CONCEN-
TRATED AMMONIUM HYDROXIDE SOLUTION OF MOLYBDENUM
TRIOXIDE , AND DRIED IN AIR.

|

THE SURFACE COATED WITH THE MOLYBDENUM TRIOXIDE
IS HEATED IN A REDUCING ATMOSPHERE , HYDROGEN,FOR
EXAMPLE,TO A TEMPERATURE SUFFICIENTLY HIGH(AT LEA-
ST ABOUT 600°C) FOR A TIME TO REDUCE THE MOLYBD-
ENUM TRIOXIDE TO MOLYBDENUM,

THE MATERIAL,METALLIC OR NON~-METALLIC,TO BE
BONDED TO THE ARTICLE IS PLACED ON THE COATED AND
REDUCED SURFACE THEREOF AND HEATED IN AN INERT -OR
REDUCING ATMOSPHERE TO AT LEAST,AND PREFERABLY
BEYOND,THE MELTING TEMPERATURE OF THE MATERIAL
TO CAUSE THE MATERIAL TO SPREAD OVER THE SUR-
FACE AND BOND TO THE ARTICLE.
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The present invention relates to the bonding of an
~adherent metallic or non-metallic coating on to refrac-
tory base members. More particularly, it relates to the
formation of an adherent stable centinuous coating of an
_element or alloy, such as copper, gold, tin, indium, ger-
manium, solders comprising copper and silver and known
as silver solders, silver, iron and nickel, upon an article
“or object made cf a refractory metal such as molybdenum
and tungsten and alloys thereof, and of a material such
as graphitic carbon,

As is well known, molybdenum and tungsten and alloys
thereof have coeflicients of expansion comparable to the
coefficients of expansion of silicon, germanium, glass,
ceramics and the like. Consequently, where it is desired
to make a metallic bond to such substances as those in
the latter category, either directly or indirectly, it should
be desirable to use molybdenum, tungsten and alloys
thereof. However, in the past difficulty has been experi-
enced in suitably coating molybdenum, tungsten and al-
Ioys thereof with the materials mentioned in the first
paragraph above in order that good bonding could be
achieved. Difficulty has also been experienced in making
conventional lead or silver solder connecticns to molyb-
denum, tungsten and alloys thereof.

The present invention is directed to the solution of
such problems as those requiring the formation of a
tightly adhering bond of a metal or non-metal to ob-
jects consisting of molybdenum, tungsten and alloys
thereof, and also -carbon.

Accordingly, an object of the present invention is to
provide an improved conductive cbject consisting of
molybdenum, tungsten and alloys thereof having other
metals or non-metals bonded to the surfaces thereof.

Another object of the present invention is to provide
a method of applying an adherent metallic or non-
metallic coating on an article composed of a metal
selected from the group consisting of tungsten and molyb-
denum and alloys thereof. )

A further object of the present invention is to provide
an improved method of applying an adherent metallic
or nen-metallic coating on a body of graphite.

Referring to the drawing:

Figure 1 is a flow diagram illustrating how the present
inverntion may be practiced; and

Figure 2 is a perspective view of a product in accord-
ance with the present invention.

The present invention will now be described with re-
spect to a specific embodiment thereof, for example, the
application of an adherent copper coating to the surface
of a plate of molybdenum or molybdenum-based alloy,
The molybdenum plate is first. cleaned in any suitable
manner, for example, by scouring with a soapy abrasive.
The cleaned surface of the plate is then coated with
molybdenum trioxide. The coating may be applied in
one of several ways. For example, the cleansd article
may be immersed in an oxidizing agent such as nitric
acid, preferably a 40-60% solution by weight for about
two seconds, If the molybdenum is immersed in the solu-
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etches away. After removal of the plate of molybdenum,
the surface is blotted to remove the excess solution, The
molybdenum coated with the molybdenum trioxide is then
heated in a reducing atmosphere, preferably hydrogen.
The temperature of the plate is raised to about at least
600° C, at which temperature the molybdenum trioxide

"begins to reduce. The higher the temperature, the more

rapid is the reduction process. I have found that when
the temperature is raised to about 800° C., substantially
complete reduction of the molybdenum trioxide takes
place is a few seconds. A fine deposit of particles of
molybdenum is formed on the surface of the molybdenum
plate as a result of the reduction process.  These par-
ticles are apparently loosely attached since they can be
wiped off. :

In the next step of the process, a piece of copper is
placed on the treated molybdenum surface and the tem-
perature of .the molybdenum is raised in a reducing or
non-oxidizing atmosphere to beyond the melting tem-
perature of the copper. At this temperature copper melts
and simultaneously alloys and spreads over the entire
surface of the molybdenum in the matter of a few sec-
onds. At this time, the plate is allowed to cool. If de-
sired, the entire operation of reduction of the molyb-
denum trioxide and the alloying of the copper into the
molybdenum may be performed in a single operation by
first placing the piece of copper on the surface coated
with molybdenum trioxide and then raising the tem-
perature of the place sufficiently to reduce the molyb-
denum trioxide and finally raising the temperature further
to melt the copper and cause the alloying action de-
scribed. The wetting action of copper on molydenum
which takes place resembles very much the wetting action
that takes place when water spreads in a blotter. The
resulting copper-coated molybdenum plate has a strongly
adherent smooth coating of copper on the surface thereof
free from blisters to which solder and other contacts may
be very readily made.

Excellent results have also been obtained by using
molybdenum trioxide solutions to form a deposit of
molybdenum trioxide on surfaces coated with metallic
and non-metallic materials. A saturated water solution
at room temperature is satisfactory (0.106 gram of
McO; in a liter of water). A hot water solution works
better (2 grams of MocQ; in one liter of solution).
Preferably, a concentrated solution of molybdenum tri-
oxide in ammonium hydroxide as the solvent is used.
These molybdenum trioxide solutions are applied to wet
the cleaned surface of the molybdenum plate and prefer-
ably allowed to dry in air. The dried plate is then
heated in a reducing atmosphere as specified above te
reduce the molybdenum trioxide. - The remainder of the
process is the same as described above.

An additional way in which the trioxide coating may
be produced on the surface of an article of molybdenum
is by simply heating the cleaned surface of the molyb-
denum in oxidizing atmosphere up to about 800° C.,
at which temperature the oxide forms quite readily.
The plate is then subjected to the operations mentioned
in the preceding examples,

In a similar manner, other metals and non-metals may
be applied to the molybdenum plate, for example, indium,
tin. gold, germanium, silver solders, copper, silver, gold-
antimony alloys. Nickel and iron may be similarly ap-
plied to molydenum and alloys thereof to form an ad-
herent coating. The steps for bonding such other ma-
terials is the same as specified above for copper except
that in the case of the other materials specified in
this parargraph in final step the temperature is raised
sufficiently to cause the material which is to be bonded
to melt, spread over and alloy into the molybdenum.
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I have also discovered that the previously described
coating techniques may be applied equally to tungsten
and tungsten-based alloys and also to graphite bodies
to produce a stable adherent coating thereon of a variety
of materials’ including those mentioned above.

The theory of wetting of the surface of the refractory
_body and of obtaining good alloying action is not fully
understood but it is believed that the reduced molydenum
trioxide leaves irregularities on the surface of the body
to be coated which is conducive. to good wetting and al-
loying action with the result that good bonding over
the entire surface of the body is obtained. Additionally,
it is mentioned that the reduction of the oxide to ele-
mental material leaves this material in fine particle
form which facilitates alloying and wetting action.

While the process has been described in illustrative
examples in which plates of refractory substances were
used, it is to be understood that other forms such as
cylinder wires, etc., may be used.

The invention has particular utility in the making of
semiconductor devices constituted of germanium and
silicon. In the making of such devices, it is necessary
to make ohmic and other kinds of connections to the
germanium or silicon body of the device. Molybdenum
or tungsten are desirable for such use since they have
coefficients of expansion comparable to the coefficients
of expansion of germanium and silicon; and thus frac-
turing of connections is minimized in the fabricating
operation, as well as when large currents are passed
through the device. Additionally, modybdenum and
tungsten are desirable for the reason that they have good
thermal and electrical conductivities. While molybde-
num and tungsten have been desirable for these reasons,
it has been difficult to bond other materials to them.
The present invention solves such problems as these.
For example, in making an ohmic contact between sili-
‘con and molybdenum, it is desirable to use a gold and
antimony alloy (gold 99%-antimony 1%); however,
heretofore, it has been a problem to make a good ad-
herent coating of the gold-antimony alloy to the surface
of a molybdenum plate. By the technique of the present
invention, it is possible to produce an excellent ceating
of gold antimony on the surface of the molybdenum
plate. The other side of the molybdenum plate may be
coated with copper as described above to provide an
external surface which may be easily soldered to.

1, therefore, intend in the appended claims to cover
all changes and modifications of the examples of my
invention herein chosen for purposes of disclosure which
do not constitute departures from the spirit and scope
of the invention.

What I claim as new and desire to securc by Letters
Patent of the United States is:

1. The method of providing an adherent coating on
an article composed of a substance selected from the
group consisting of tungsten, molybdenum, tungsten and
molybdenum-based alloys and graphitic carbon compris-
ing the steps of coating a surface of said article with
molybdenum trioxide, reducing the molybdenum trioxide
on said surface to molybdenum, applying to said reduced
surface a material to be coated thereon selected from
the group consisting of copper, gold, tin, indium, ger-
manium, silver, iron and nickel and alloys thereof at
the melting temperature of said material.

2. The method of providing an adherent coating on
an article composed of a substance selected from the
group consisting of tungsten, molybdenum, tungsten and
molybdenum-based alloys and graphitic carbon com-
prising the steps of coating a surface of said article
with a solution including molybdenum trioxide as solute,
removing the solvent to leave said surfacc coated with
molybdenum trioxide, reducing the molybdenum trioxide
on said surface to molybdenum, applying to said reduced
surface a material to be coated thereon selected from
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the group consisting of copper, gold, tin, indium, ger-
manium, silver, iron and nickel and alloys thereof at
the melting temperature of said material.

3. The method of prividing an adherent coating on an
article composed of a substance selected from the group

" consisting of tungsten, molybdenum, tungsten and molyb-

denum-based alloys and graphitic carbon comprising the
steps of coating a surface of said article with a water
solution of molybdenum trioxide, removing the solvent to
leave said surface coated with molybdenum trioxide, re-
ducing the molybdenum trioxide on said surface to molyb-
denum, applying to said reduced surface a material to be
coated thereon selected from the group consisting of
copper, gold, tin, indium, germanium, silver, iron and
nickel and alloys thereof at the melting temperature of
said material. :

4. The method of providing an adherent coating on an
article composed of a substance selected from the group
consisting of tungsten, molybdenum, tungsten and molyb-
denum-based alloys and graphitic carbon comprising the
steps of coating a surface of said article with an ammo-
nium hydroxide solution of molybdenum trioxide, remov-
ing the solvent to leave said surface coated with molyb-
denum trioxide, reducing the molybdenum trioxide on
said surface to molybdenum, applying to said reduced
surface a material to be coated thereon selected from the
group consisting of copper, gold, tin, indium, germanium,
silver, iron and nickel and alloys thercof at the melting
temperature of said material,

5. The method of providing an adherent coating on an
article composed of a substance selected from the-group
consisting of tungsien, molybdenum, tungsten and molyb-
denum-based alloys and graphitic carbon comprising the
steps of coating the surface of said article with molyb-
denum trioxide, reducing the molybdenum trioxide on
said coated article to molybdenum, applying to said sur-
face in a non-oxidizing atmosphere a material to be coated
thereon selected from the group consisting of copper,
gold, tin, indium, germanium, silver, iron and nickel and
alloys thereof at the melting temperature of said material.

6. The method of providing an adherent coating on an
article composed of a substance selected from the group
consisting of tungsten and molybdenum and tungsten and
molybdenum-based alloys and graphitic carbon comprising
the steps of coating a surface of said article with molyb-
denum trioxide, raising the temperature of said surface in
non-oxidizing atmosphere to a temperature in excess of
substantially 600° C. for a time to reduce the molybdenum
trioxide on said surface to molybdenum, thereby forming
a coating of fine particles of molybdenum metal dis-
tributed on said surface of the metal, applying to said
surface in a non-oxidizing atmosphere a material to be
coated thereon selected from the group consisting of
copper, gold, tin, indium, germanium, silver, iron and
nickel and alloys thereof at the melting temperature of
said material. ’

7. The method of providing an adherent coating on an
article composed of molybdenum comprising the steps of
oxidizing a surface of said article to form melybdenum
trioxide thercon, reducing the molybdenum trioxide on
said surface to form a coating of fine particles of molyb-
denum distributed on said surface, applying to said sur-
face in a non-oxidizing atmosphere a material to be
coated thereon selected from the grou&gonsisting of cop-
per, gold, tin, indium, germanium, silver, iron and nickel
and alloys thereof at the melting temperature of said
material, .

8. The method of providing an adherent coating on an
article composed of graphitic carbon comprising the steps
of coating a surface of said article with molybdenum
trioxide, reducing the molybdenum trioxide on said sur-
face in a non-oxidizing atmosphere to form a coating of
fine particles of molybdenum on said surface, applying
to said surface in a non-oxidizing atmosphere a material
to be coated thereon selected from the group consisting
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of copper, gold, tin, indium, germanjum, silver, irop and

. ‘nickel and alloys thereof at the melting temperature of
said material.

" 9. Anarticle of manufacture produced by the practice

of the process recited in claim 1.

10. The method of providing an adherent coating of
an article composed of molybdenum comprising the steps
of coating a surface of said article with molybdenum
. trioxide, reducing’ the 'molybdenum trioxide on said sur-
face to form'a. coating: of fine particles ‘of :molybdenum

' - distributed on 'said surface, applying: to: said surfice in a

non-oxidizing atmosphere a'material to be coated ‘thereon
selected from thé' group consisting of copper, gold, tin,
indium, germanium, silver, iron and nickel and alloys

thereof at the melting temperature of said material.
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11, The method of providing an adherent coating on
an article composed of tungsten comprising the steps of
coating a surface of said article with molybdenum tri-
oxide, reducing the molybdenum trioxide on said surface -
to form a coating of fine particles of molybdenum dis-
tributed on said surface, applying to said surface in a
non-oxidizing atmosphere a material to be coated thereon
selected from the group consisting of copper, gold, tin,
indium, germanium, silver, iron and nickel and alloys

‘10 -thereof at the melting temperature of said material.
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