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The present invention relates to the production of metal
products by chemical plating; and, more particularly, the
Invention relates to a novel method for chemically plat-
g to readily-oxidized, difficulily-soldered base metals,
low meliing metals which are below the base metal in
the eleciromotive ‘series. In a specific aspect the inven-
tion relates to a nove] method for “tinning” base metals
which are ordinarily difficuit to solder to provide on the
base metal article a coating of a metal more easily
soldered than the base metal.

In many industries today, particularly in the manu-
facture of electronic equipment, it is desirable to provide
a coating of such metals as indium, tin, lead, zine, thal-
lium, cadmium, indium-cadmium alloys, cadmium-tin
alloys, cadmium-lead alloys, and the like, on base metal
articles comprising aluminum, titanium, magnesium, zir-
conium or beryllium, This is particularly so in the fabri-
cation of electronic equipment where it becomes neces-
sary to solder parts onto an aluminum-, titanium-, mag-
nesium-, zirconium- or beryllium-containing part. These
latter metals are notoriously difficult to solder, the prin-
cipal difficuity being due to the oxide film. Generally,
no fluxes are satisfactory without mechanical means, such
as abrasion, or ulirasonic vibration, to remove oxides
from:the metal surface. Mechanical abrasion is imprac-
tical for small areas and fragile parts, such as aluminum
electrodes of low-power semi-conductor devices, and
ultrasonic vibration may fracture the semi-conductor it-
self, causing anm open or noisy device. Hence, some
means of dispiacing at least a portion of the metal base
with another metal more readily soldered would be
highly advantageous.

Attempts to coat the aluminum, titaninm, magnesium,
zirconium or beryllium part by immersing it in a molten
bath of the coating metal covered by a suitable flux
resulted in coatings the thickness of which cannot be con-
trolled. Moreover, the nature of the surfaces. of these
metals renders them difficult to wet by molten metal
simply by immersing -the article in the molten metal.
Prior to the invention forming the subject matter of
copending application Serial No. 572,828, filed March
21, 1956, the electroplating on aluminum, titanium, mag-
nesium, beryllium or zirconium of metals of the type
discussed above for the purpose of providing a readily
soldered coating has not been practiced due to the fact
that, during subsequent soldering, the coating will not
adhere to the base metal. ‘ ‘

It is the principal object of the present invention to
provide a novel method for chemically plating certain
metals onto readily-oxidized, difficultly-soldered metals.

Another object of the present invention is ta provide
a novel method for chemically displacing aluminum,
magnesium, titapium, zirconium or beryllium from base
metal articles containing one or more of these metals by
a low melting metal more noble than the stated base
metal.

Other objects, including the provision of a novel method
for “tinning” parts containing aluminum, titanium, mag-
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nesium, zirconium or. beryliium preparatory to scldering
to the part, will become appareni from a consideraticn
or the rollowing specitication and the claims.

The ‘meihod of the present invention comprises im-
mersing -~ the readily-oxidized, - ditticultly-sotdered base
metal article in-a molten sait’ bath comprising sait of a
metal. melung ‘subsiantially lower than the staied base
meial and more noble than the base metal, at a tempera-
ture substantially below  the meiting powmt of the base
and above thne melting point of e metal being de-
posited uniit the deswred amount of more nobie metal
o moiten form has formed on said base article.

1ne present. procedure is based upon the discovery
thac tne mmmersion of metais, which are readily-oxidized
and thus dimcult to solder and to coat by immersion
in mojten mewal or by conventional eieciroplating, par-
ticularly aluminum, magnesium, titaninm, zirconium, and
beryuium, in .a molten sali batn comprising sali of a
Mmel paving a melung point subsianually lower than
toe stated base metai and more nobie than the staied
base metal and at a lemperature substantiaily below the
meliing point ‘of the base metal and above the melting
pomt or tne. more ‘noble metal, resulis in a relatively
rapud displacement of the stated base metal by the more
novie melal m molten torm. vince the process depends
upon the dissolution’ of the base metal, tgere is no prob-
leia concerning the oxide film on the base metal since
ihe dissoturivn of the underiying metal loosens the oxide
fiiih and results in its removal.

‘Lhe process ob tide present invention is thus a. chemical
plaiing precedure.  ‘Lhe ions of the low-melting, more
Lovie. metai in solution in tne moiten salt bath are re-
biaced by ions or the particular readily-oxidized, diffi-
cuiity-sowdered base meial, and the more noble metal
Iniugily in the path plaies out at the site of the base
melai. L there 1s at ieast an equivalent amount of more
nopic metal ions in the bath imdally, in time, all of the
basc metal can be replaced by the more noble metal.
‘Lire procedure can be haited short of complete displace~
meue where -oniy: a film' or coating of the more noble
meiat on e base metal is deswred. As will be pointed
ouc more in’ detail hereinatter, ihere are instances when
it may be advaniageous to compietely replace all of the
base metal by the more noble metal. )

‘Lhe present process, being a chemical piating procedure
based on the pnenomenon of simpie chemical displace-
ment due to retative ditferences in position in the electro-
motive series, does not rely on any tiow of current, as in
electroplaiing, nor i any’ exiraneous reducing - agent.
By the present procedure, the more noble metal can be
plated evenly and smooihly over all types -of irregular
sucfaces and the shape of ‘the base is immaterial. More-
over, there i8 no need to maintain electrical contact as
in the case of electroplating so ihat the fineness or com-
plexity of the parts. is immaterial. in addition, other
metals, such as silicon, germanium, niciel, copper, silver
and goid, which are ‘more noble than the lower melting
metais, are not affected by the: bath, and ‘these may: be
part of the assembly treated without danger of coating
them if they are not in electrical contact with the base
metal, ‘ [ ksl

In view of the availability of aluminum and magnesium,
particularly the former, the present process is most gen-
erally. utilized in the treatment of base metal articles
comprising one or more of these metals. For example, in
the preparation of a silicon-aluminum diode, a dot of
aluminum is applied to an n-type silicon wafer and the
assembly heated alloying the aluminum and silicon at
the interface between the two metal bodies so that upon.
cooling silicon in the intermediate phase recrystallizes
to form a p-n alloyed junction within the silicon wafer
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and overlaid with the remaining, unalloyed aluminum,
A lead wire must then be soldered to this electrode, and
it has been the practice in the past to solder the wire to
the overlying aluminum. The soldering of the lead wire
to the aluminum electrode is very difficult for the reasons
mentioned hereinabove. By the process of the present
invention, the diode assembly can be simply immersed
in the described bath to provide selectively over the alu-
ininum a coating of the lower-melting metal. This lower-
melting metal is much more readily soldered than is
aluminum so that the coated electrode can be soldered
by conventional methods using conventional rosin or
“aeid” type fluxes. All of the overlying unalloyed alu-
minum metal in the electrode can be replaced by the
lower-melting metal, In this case, the junction betwe_e.n
the n-type silicon base and the p-type recrystallized sili-
con will not be affected, and the lower-melting metal
serves as the metallic contact with the recrystallized sili-
con. A structure of this type has advantages over the
aluminum electrode in that the diode assembly can be
electrolytically etched in alkaline solutions with no ap-
preciable attack on the lower-melting metal electrode.
The lead wire can, in this type of structure, be soldered
directly to the lower-melting metal.

Referring to the lower-melting metal, it may be selected
from a wide variety of such metals, including alloys, so
Jong as the metal is more noble than the base metal,
In other words, by the process of the present invention
any metal, including combinations of metals (alloys),
melting substantially below the particular base metal and
more noble than the base metal can be applied to the
base. Such metals include indium, tin, lead, zinc, cad-
mium, thallium, alloys of two or more of these metals,
such as indium-cadmium alloys (the eutectic of which
melts at 122.5° C.), tin-lead alloys (the eutectic of which
melts at 180° C.), tin-indium alloys (the eutectic of which
melts at 117° C.), and the like. In the case of the
~ alloys, the compositions may vary widely from those
containing substantial amounts of each constituent to
those containing only minute amounts, such as 0.1%, by
weight, of one of the constituents. As stated, such
metals must melt below the base metal, and preferably
the plated metal has a melting point’ at least 100° C.
below that of the particular base metal. Generally the
more noble metal will have a melting point between about
1006° C. and about 450° C. The preferred lower-melting
metals are indium, tin and thallium, especially the former.

As stated, the procedure comprises simply immersing
the base metal into the defined molten salt bath compris-
ing salt of the more noble, lower-melting metal to be
deposited. The bath may consist substantially entirely
of molten salt of metal to be deposited. When an alloy
is to be deposited, the bath may consist substantially
entirely of a mixture of salts of the metals to form the
alloy deposit. Of the salts of the more noble, lower-
melting metals, the halides, especially the chlorides and
bromides, are especially suitable. Examples of suitable
salts are stannous chloride, zinc chloride, indinm mono-
chloride, indium dichloride, indium trichloride, thallous
chioride, plumbous bromide, cadmium chloride, and the
like.  In systems containing ammonium or hydrogen ions
it is preferred that multivalent metals like indium, lead
and tin be in a lower valent state in the bath,

In -addition to salt of the more noble, lower-melting
metal to be deposited, the fused salt bath may contain
other salts serving principally as diluents or solvents.
Such other salts may be ammonium salts or salts of
metals more electropositive than the base metal. For
example, other chlorides, such as lithium chloride, potas-
si\gm chloride and mixtures thereof, such as the eutectic
mixture, may be included in the bath to control the con-
centration of ions of the metal to be deposited. Salts
of metals which would ordinarily deposit on certain of
:the base ‘metals may be employed as. diluents or solvents
in baths containing ions of .metal.which is substantially
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more noble than such metal. For example, in the deposi-
tion of lead onto magnesium, the bath may also contain
zinc chioride to serve as a diluent, the zinc, in this case,
not depositing on the magnesium. In this case, a par-
ticularly suitable diluent salt mixture for use with mag-
nesium is the zinc chloride-ammonium chloride eutectic,
composed of three parts of zinc chloride {o one part
of ammonium chloride, by weight, having the melting
point of 180° C.

The concentration of ions of the more noble, lower-
melting metal in the molten salt bath is relatively im-
material since the depositicn is selective and quantitative.
In other words, all of the more noble, lower-melting
metal in the bath will eventually plate out, and, hence,
the bath can contain just that amount of metal to be
plated. When treating only a single or a limited num-
ber of very small structures, for example, the ions of
the more noble, lower-melting metal may make up as
little as about 0.01 atomic percent of the cations of the
bath, Preferably, for gencral purposes when a bath of
reasonable life is desired, the concentration is at least
about 0.2 atomic percent of the cations of the bath, Of
course, when the bath is made up entirely of salt of
the metal to be deposited, the ions of the more noble,
lower-melting metal make up 100 atomic percent of the
cations of the bath. The rate of deposition is a func-
tion of the concentration of ioms of the more noble,
lower-melting metal, and the concentration can be easily
adjusted through the addition of diluent saif, as men-
tioned above, to provide, in conjunction with other con-
ditions, such as temperature, any desired rate of deposi-
tion. '

During operation, the bath will be at a temperature
substantially below the melting point of the base metal,
preferably at least 100° C. below, bui above the melting
point of the more noble, lower-melting metal. The ex-
act temperature of the bath will thus depend upon the
exact system employed, particularly upon the more noble,
lower-meliing metal. Where the more noble, lower-melt-
ing metal formed on the base is a single molten metal,
the temperature of the bath will be above the melting
point of that metal. Where, however, an alloy is formed
on the base metal, the temperature of the bath will be
above the melting point of the alloy although it may
well be below the melting points of each of the individual
metals making up the alloy. In addition, the tempera-
ture of the bath may depend somewhat upon the size of
the article immersed therein, since the cold metal article
will have a cooling effect locally. Therefore, in practice,
the melting point of the bath is generally held at least
10° C. above the meliing point of the deposited metal
or the liquidus peint of the bath, whichever is higher,
to allow for any local cooling effect due to the immer-
sion of the metal article. The higher the temperature
the more vigorous the aciion, diie to the greater solubility
of the base metal in the molten, lower-melting metal
coating and the resuiting greater availability of base
metal at the interface between the molten, lower-melting
metal coating and bath, and the higher the conductance
of the bath, whereas fuming becomes an increasing prob-
lem as the beiling or subliming point of the salt or salts
in the bath is approached. Accordingly, the exact tem-
perature selected may be a compromise between these
factors. For the sysiems under consideration, as a gen-
eral matter, the temperature of the bath is usually at least
about 150° C., preferably at least about 200° C., and
may go up as high as about 500° C. when aluminum is
the base metal and even as high as about 1000° C. when
titanium-is the base metal, )

As will be apparent from the foregoing, the process of
the present invention is a function of time, temperature,
concentration of ions of the more noble, lower-melting
and relative difference in positions of the base metal and
more noble metal in the electromotive series. Accord-
ingly, any.or all of the first three variables can be con-
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trolled to provide for any particular system a desired rate
of deposition and amount of deposit as well as extent of
replacement of the base metal, _

The process of the present invention will be more
readily understood from a consideration of the following
specific examples which are given for the purpose  of
illustration only and are not intended to limit the scope
of the invention in any way.

Example 1

One gram of plumbous chloride is added to ten grams
of zinc chloride-ammonium chloride eutectic (3:1 parts,
by weight, melting point, 180° C.) and the mixture heated
at 400° C. The immersion of magnesium metal in. this
bath results in the displacement of the magnesium and
the formation of a smooth, uniform coating: of molten
lead on the magnesium at a rate of about 200 mils per
minute. Removal of the assembly from the bath before
complete replacement of the magnesium results in solidi-
fication of the lead and a lead coated magnesium article.

Example 1I

Ten grams of zinc chloride-ammonium chloride eutec-
tic (3:1 parts, by weight, melting point, 180° C.) are
heated at 450° C. Aluminum metal immersed in this bath
results in the rapid -displacement of aluminum by zinc
until the desired coating of zinc is formed on the alumi-
num,

Example 111

" One gram of indium trichloride is added to ten grams of
lithium chloride-potassium chloride eutectic (5:6 parts, by
weight, melting point, 352° C.) and the mixture main-
tained at a temperature of 420° C. The immersion of
aluminum metal in this bath results in the replacement
of the aluminum by molten indium and the coating of
molten indium on the remaining base aluminum metal
at the rate of about 100 mils per minute.

Example IV

One gram of stannous chloride is added to ten grams
of the lithium chloride-potassium chloride eutectic and
the mixture maintained at a temperature of 420° C. The
immersion of aluminum metal in this bath results in the
replacement of the aluminum by molten tin and the for-
mation of a molten tin coating on the remaining alumi-
num metal at the rate of about 50 mils per minute.

Example V

One gram of plumbous chloride is added to ten grams
of the lithium chloride-potassium chloride eutectic and
the mixture maintained -at a temperature of 450° C.,
Immersion of aluminum metal in this bath results in the
replacement of aluminum by the molten lead and the
formation of a molten lead coating on the aluminum base
metal at the estimated rate of about 50 mils per minute.

Example VI

Indium monochloride is melted and maintained at a
temperature of 250° C. Aluminum metal immersed in
this molten indium monochloride is gradually replaced
by molten indium metal with the formation of a coating
of molten indium on the aluminum.

Example VII

Aluminum metal is immersed in molten 2:1, by weight,
indium monochloride-zine chloride mixture at 230° C.
The aluminum is gradually replaced by molten indium
meta] forming a smooth, uniform coating of molien in-
diuvm on the aluminum,

Example VIII

Stannous chloride is melted and maintained at a tem-
perature of 260° C. Aluminum metal immersed in this
molten stannous chloride is gradually replaced by molten

10

15

25

30

35

40

45

50

56

60

65

70

f ]

tin, forming a smooth, homogénecus coating of molten tin
on the aluminum,
Example IX

A 30:10:3, by weight, zinc chloride-ammonium chlo-
ride-plumbous chloride mixture is melted and maintained
at 360° C. Aluminum metal immersed in this bath is
gradually replaced by molten lead forming a smooth,
homogeneous coating of molten lead on the aluminum.,

Example X

A 4:6:1, by weight, zinc chloride-indium monochlo-
ride-cadmium chloride mixture is melted and maintained
at a temperature of 230° C,  Aluminum metal immersed
in this bath is gradually replaced by a cadmum-indium
alloy forming on the aluminum a smooth, homogeneous
coating of molten cadmium-indium alloy.

Example X1

A silicon-aluminum diode assembly consisting of an
n-type silicon wafer having a p-n alloyed junction therein
overlaid with aluminum metal( prepared by placing ‘a
small body, or “dot,” of aluminum on the silicon wafer,
heating to melt the aluminum with the dissolution of
silicon in the molten aluminum at the interface and
cooling to recrystallize the silicon from the silicon-alu-
minum phase) is immersed in a molten 2:1, by weight,
mixture of indium monochloride and - zinc chloride at
230° C. The diode is held in the bath until all of the
overlying aluminum is replaced by molten indium. Re-
moval of the assembly from the bath results in solidifica-
tion of the indium providing an indium electrode directly
in contact with the recrystallized silicon.

In none of the above baths are germanium or silicon
affected so that composite- structures comprising one of
the stated base metals, and germanium and/or silicon
can be immersed in the bath without affect on the latter
and with preferential and selective replacement and coat-
ing of the desired base metals.

Considerable modification is possible in the selection
of the base metals and lower-melting more noble metals
as well as in the exact techniques followed without de-
parting from the scope of the present invention.

I claim: ‘

1. The method of coating a readily-oxidized diffi-
cultly-soldered metal with a cadminm-indium alloy which
comprises immersing said readily-oxidized difficulty-sol-
dered metal in a molten salt bath comprising a halide
of zinc, a halide of cadminm and salt of indium in a
valent state below 3, at a temperature below the melting
point of said immersed metal but above the melting point
of the cadmium-indium alloy deposited on said immersed
metal, until the desired amount of alloy in molten form
has deposited ‘on said immersed metal through displace-
ment of said immersed metal. ‘

2. The method of claim 1 wherein the temperature
of said bath is above the melting point .of said alloy but
below the melting points of each of the individual metals
making up such alloy.

3. The method of coating aluminum with a cadmium-
indium alloy which comprises immersing said aluminum
in a molten salt bath comprising zinc chloride, cadmium
chloride and a chloride of indium in which the indium
is in a valent state below 3, until at least a portion of
said aluminum has been  displaced by cadmium-indium
alloy in molten form, said molten salt bath being at a.
temperature below the melting point of the aluminum
but above the melting point of said cadmium-indium,
alloy displacing said aluminum. .

4. The method for selectively plating and displacing
substantially only the overlaid aluminum of & silicon-.
aluminum diode comprising a silicon base and a Tecrys-
tallized silicon p-n alloyed junction therein overlaid with:
aluminum, while not plating said silicon base and. not
affecting said recrystallized silicon p-n junction, which:
comprises immersing said overlaid aluminum as well as.
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at least @ ‘portion iof said silicon ‘base adjacent said over-
laid aluminum in 2 molten salt bath comprising a -salt
of indium, until at least a portion of said aluminum
is displaced by metel comprising indium, said bath be-
ing at a temperature above the melting point of said
metal comprising indium and below the melting point
of said aluminum.

5. The method of claim 4, wherein the ttmperature
of said molten salt bath is at least 100° C. below the
melting point of aluminum -and at least 10" C. above
the melting point :of said -metal comprising indinm dis-
placing said aluminum.

6. The method of claim 5 wherein said molien salt
bath contains ions selected from the group consisting of
hydrogen and ammonium jons and said salt of indium
is a salt in which the indium is in a valent state below 2

7. The method of claim 5 wherein substantiaily ail of
said immersed aluminum is displaced by said metal
comprising indinm,

8. The method of coating a readily-oxidized difficultly-
soldered metal-containing article with a more noble
metal comprising indium which comprises immersing
said metal of said article in a molten salt bath estab-
lished at a temperature below the melting point of said
immersed metal but above the meltmg point of said
more noble :metal, said bath comprising salt of metal
baving a melting point subsiantially below that of said im-
mersed metal and more noble than said immersed metai,
metal of said salt comprising indium in a valent state

below 3, said bath additionally comprising ions selected +

from the group consisting of hydrogen and ammonium
ions; and maintaining said meta} of said article immersed
in-said bath until the desired amount of more noble metal
is deposited.on said article through displacement of im-
mersed metal.

9. The method of claim 8 wherein said readily-oxi-
dized dlﬂicultly-soldered metal is selected from the group
consisting of aluminum, magnesium, titanium, zirconinm
and beryllium.

10. The method of coating a readily-oxidized diffi-
cultly-soldered metal with a more noble metal comprising
indium which comprises immersing said readily-oxidized
difficultly-soldered metal in a molten salt bath established
at-a temperature below the melting point of said immersed
metal ‘but above the melung point of said more noble
metal, said bath-comprising salt of metal having a melting
point. substantially below that of said immersed metal and
more noble than said immersed metal, metal of said salt
comprising indium in a valent state below 3, said bath
additionally comprising ions selected from the group.con-
sisting of hydrogen and ammonium ions; and maintaining
said readily-oxidized difficultly-soldered metal immersed
in said bath until the desired amount of more noble.metal
is deposited on said immersed metal as a coating.

11, The method of displacing a readily-oxidized diffi-
cnlily-soldered metal with a more noble metal comprising
indium which comprises. xmmersmg said readily-oxidized
difficultly-soldered metal in a molten salt bath established
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ata temperature below the melting point of said immersed
metal but :above the meélting point of said more noble
metal, said bath comprising salt of metal having a melting
point substantially below that-of said immersed metal and
more noble than said immersed metal, metal -of sdid salt
comprising indium in 2 valent state bélow 3, said bath
additionally .comprising ions selected from the group
consisting of hydrogen and ammonivm jons; and main-
taining said readily-oxidized difficultly-soldered metal im-
mersed in said bath until the desired amount of said im-
mersed metal is displaced by said more noble metal.
12. The method of-claim 11 whersin substantially all of
saidimmersed metal is displaced by said more noble metal,
13. The method of tinming aluminum preparatory to
soldering wherein the tinning metal is a metal more noble
than -aluminum, which comprises irmunersing said alumi-
num in a molten salt bath established at a temperature
below the melting point of aluminum but above the melt-
ing point of said more noble metal, said bath comprising
salt of metal having a melting point substantially below
that of aluminum and more noble than aluminum, mstal
of said salt comprising indium in a valent state below 3,
said bath additionally comprising ions selected from the
group -consisting of hydrogen and ammonium ions; and

5 maintaining said aluminum immersed in said bath until

at least a ‘portion -of said -aluminum has been displaced
by said more noble metal.

14. The method of coating a readﬂy—oyldlzed difficultly-
soldered metal-containing article with a more noble metal
comprising indium which comprises immersing said metal
of said article in a molten salt bath established at a tem-
perature, between about 150° C. and about 1000° C,,
helow the melting point of said immersed metal and above
the melting point of said more noble metal, said bath
comprising salt of metal having a melting point substan-
tially below that of said immersed metal and more noble
than said immersed metal, metal of said salt comprising
indium in a valent state below 3, said bath additionally
comprising ions selected from the group consisting of hy-
drogen and ammonium ions.

15. The method of claim 14 wherein said immersed
metal comprises aluminum and wherein the temperature
of said molten salt bath is between about 200° C. and
dbout 500° C.
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