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This invention relates to the apparatus for 
the deposition of metals by thermal evaporation 
in a vacuum. 

Metals are deposited on a support by thermal 
evaporation, by enclosing the support, the metal 
to be evaporated and a heater to heat the metal 
above its vaporisation point, in a chamber con 
nected with continuously operating vacuum 
pumpS, SO that a vacuum is maintained in the 
chamber which is from 0.01 mm. to 0.00001 mm. 
Hg according to the process used. In the proc 
ess as ordinarily used a vacuum of 0.0001 to 
0.00001 mm. Hg is required in order that a film 
of good quality may be deposited, but if the 
metal vapour is heated in its paSSage from the 
heater to the support, according to Letters Pat 
ent No. 2,100,045, or if the vapour density of the 
metal vapour is kept very low, by one of the 
methods set out in Letters Patent No. 2,153,786, 
a pressure of 0.01 to 0.001 mm. Hg is sufficiently 
low to obtain a film of good quality. 
Now a pumping equipment which is adapted 

to produce a vacuum of 0.00001 mm. Hg in a 
chamber of about 15 cubic feet capacity in about 
four hours, is able to produce a vacuum of 0.001 
mm. Hg in about 20 minutes, and the vacuum 
of 0.001 mm. Hg so produced can be maintained 
by the pumping equipment during the operation 
of depositing most metals by thermal evapora 
tion. In the case, however, of aluminium and 
magnesium, the vacuum cannot be maintained 
and the pressure in the chamber is found to rise 
as soon as the Al or Mg begins to evaporate. If 
deposition be started as soon as the pressure has 
been reduced to about 0.001 mm. Hg the pressure 
rises to a value above 0.01 mm. and the film 
deposited is not of good quality. 
In order to maintain the vacuum within the 

limit required to obtain a film of good quality, 
without employing a pumping equipment larger 
than is required for other metals, the Vacuum 
of 0.001 mm. Hg or a higher vacuum must be 
maintained for a considerable time before depo 
sition is started. 
According to the invention, in apparatus for 

the deposition of aluminium or magnesium, the 
support and the heating means for the alumin 
ium or magnesium are substantially surrounded, 
within the vacuum chamber, by a layer of alu 
minium or magnesium and means are provided 
for subjecting the layer, as cathode, to an elec 
trical discharge while a vacuum is maintained 
in the chamber, having as residual gas a gas 
inert to aluminium or magnesium. 
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In the accompanying drawing 
Figures 1 and 2 show diagrammatically a 

vacuum chamber with means for thermal 
deposition and one form of the invention, Fig 
ure 2 being a central vertical section and Fig 
lure a section along the line A-A of Figure 2, 

Figure 3 shows in a similar chamber another 
form of the invention, the Section as far as the 
chamber is concerned being along the line B-B 
of Figure 2, and 

Figures 4 and 5 are central vertical sections 
showing two other forms of the invention. 

Referring to Figures 1 and 2, the vacuum 
chamber has a back 2 and a cover 3. The sup 
port 4 on which the deposition is to be made is 
held in a frame 5 fixed to the back 2. The heater 
6 is supplied with current through the leads . 
The aluminium or magnesium to be evaporated 
is shown in the form of a wire 8 which is fed (by 
means not shown) from the bobbin 9. A curved 
sheet 0 of aluminium is fixed to a plate of 
aluminium, which is Supported on the back 2 
by insulating pieces 2. Another curved sheet 
of aluminium 3 is supported in the chamber 
f by insulating pieces 4. A plate 5 of alumin 
ium is attached to the cover 3 by insulating pieces 
6, So that, when the cover is closed, the plate 5 

contacts With the sheet 3. The two curved 
sheets 0 and 3 overlap one another, so that, 
while separated, they substantially surround 
the heater 6 and support 4. The sheet 0 and 
plate form one electrode to which a high 
tension electrical terminal (Figure 2) is con 
nected, and the sheet 3 and plate 5 form the 
other electrode with terminal 8 (Figure 1). 
The chamber is evacuated by the pipe 9, and 
gas can be introduced at 20. 
In Operation, the chamber is evacuated, hy 

drogen being introduced to constitute the resid 
ual gas. At a suitable pressure in the chamber, 
a high tension alternating Supply is connected 
to the terminals and i8, to produce a glow 
discharge between the electrodes 0, and 3, 
5. A convenient supply voltage is 2000 and the 

pressure in the chamber may then be between 
0.1 and 0.01 mm. Hg. The evacuation is con 
tinued during the discharge and, when the dis 
charge has continued for a few minutes, the 
discharge is stopped and the chamber is evacu 
ated to the pressure desired for deposition, and 
the deposition is effected in the ordinary way. 
It is then found that the vacuum can be main 
tained within the limits required to obtain a 
film of aluminium or magnesium of good quality 
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almost as easily as when other materials are 
being deposited. w 
Even when the vacuum used during deposi 

tion is 0.0001 to 0.00001 mm. Hg, the above de 
scribed apparatus is of advantage in maintain 
ing the vacuum within the required lints, and 
in reducing the time required to reach the 
W8C, 
The sheets and plates 0, . , 3, 5 are most 

conveniently made of aluminium, but they may 
be of other metals covered with a layer of alu 
minium or magnesium, the essential thing being 
that the heater and support are substantially 
surrounded by a casing of which the surfaces 
facing the heater and support are of aluminium 
or magnesium. The same applies to the parts 
22, 25 and 28 mentioned below as being of alu 
minium. 
In the form of the invention shown in Figure 3, 

an inner cylinder 2 of aluminium is fixed to a 
plate supported by the back of the chamber, 
with terminal as in Figure 1. An outer cylinder 
22 of aluminium is supported by the chamber by 
insulating pieces 23 and has a terminal f. A 
plate supported by the cover, as the plate 5 
of Figure 2, makes contact with the cylinder 22. 
The inner cylinder 2 is perforated as at 24. 
The discharge is then effected between the cyl 
inders 2 and 22. The inner cylinder 2 may be 
made of aluminium or magnesium or of another 
metal with both inner and outer surfaces coated 
with a layer of aluminium or magnesium. 

In the form of the invention shown in Figure 
4, a complete casing is formed round the heater 
and support, consisting of the cylindrical alu 
minium body 25 fixed to the plate supported 
on the back 2, with terminal 1, and the plate 
5 supported by the cover 3 as in Figure 2. This 

casing constitutes one electrode. The other 
electrode 26 is introduced into the casing through 
the insulating bush 27. In this form, the dis 
charge must be from a direct current Supply, the 
casing being the cathode. urr 

In the form of the invention shown in Figure 5, 
from which the support and heater are omitted, 
the inner wall of the vacuum chamber 1, and the 
inside of the back 2 and cover 3, are covered With 
a layer 28 of aluminium or magnesium, as by de 
position. An electrode 26 is introduced into the 
chamber as in Figure 4, and the discharge is 
made from a direct current supply, With the 
earthed chamber as cathode. In this case it is 
preferable to shield the joints between the cover 
and back and the wall of the chamber by Screens 
29 of aluminium, in order to protect the jointing 
material from the ionised gas. 
The residual gas in the vacuum during the elec 

trical discharge should be, for the sake of COn 
venience, a gas suited to the subsequent Opera 
tion of thermal deposition. It is, therefore, pref 
erably, a gas inert to any part of the apparatus 
and to the metal atoms. Hydrogen is the best 
gas to use because, for a given vacuum, the nean 
free path of its molecules is the longest, 
Having described my invention, I declare that 

what I claim and desire to secure by Letters Pat 
ent is: 

1. Apparatus for the deposition of a metal 
selected from the group consisting of metals all 
minium and magnesium on a support by thermal 
evaporation in a vacuum, comprising a vacuum 
chamber containing the said Support, said cham 
ber containing as residual gas, a gas inert to the 
metal to be evaporated, for example hydrogen, 
electrical means for heating the metal to a tem 
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2,822,613 
perature above its evaporation point at the vac 
uum in the chamber, said electrical heating 
means being located inside the chamber facing 
the support, means providing a Surface facing 
the heater and support, said surface being of one 
of the said group of metals, said means being lo 
cated within said chamber the said surface Sub 
stantially Surrounding the Space containing the 
said Support and the said heating means, and 
means for subjecting the said surface means to 
an electrical glow discharge, the said means, 
which provides the surface of one of the said 
group of metals Surrounding the heater and Sup 
port acting as Cathode for at least part of the 
duration of the discharge, the said discharge be 
ing carried out after a vacuum suitable therefor 
has been produced in said chamber, this vacuum 
being maintained in the chamber during the dis 
charge, said discharge, after it has continued for 
a few minutes, being stopped, whereupon the said 
chamber is evacuated to the pressure desired for 
the deposition, the deposition being effected when 
this pressure is obtained. 

2. Apparatus for the deposition of a metal 
Selected from the group consisting of metals alu 
minium and magnesium on a support by thermal 
evaporation in a vacuum, comprising a vacuum 
chamber containing the said support, said cham 
ber containing as residual gas, a gas inert to the 
metal to be evaporated, for example hydrogen, 
electrical means for heating the metal to a tem 
perature above its evaporation point at the vac 
uum in the chamber, said heating means being 
located inside the chamber facing the support, 
means providing a surface facing the heater and 
Support, said surface being of one of the said 
group of metals on the inner Surface of the vac 
uum chamber, an anode within the chamber 
and means for producing an electrical glow dis 
charge between the anode and said surface 
means as cathode, the said discharge being car 
ried out after a vacuum suitable therefor has 
been produced in said chamber, this vacuum be 
ing maintained in the chamber during the dis 

5 charge, said discharge, after it has continued for 
a few minutes, being stopped, whereupon the 
Said chamber is evacuated to the pressure de 
sired for the deposition, the deposition being 
effected when this pressure is obtained. 

3. Apparatus for the deposition of a metal 
Selected from the group consisting of metals alu 
minium and magnesium on a support by thermal 
evaporation in a vacuum, comprising a vacuum 
chamber containing the support, said chamber 
containing as residual gas, a gas inert to the 
metal to be evaporated, for example hydrogen, 
electrical means for heating the metal to a tem 
perature above its evaporation point at the vac 
uum in the chamber, said heating means being 
located inside the chamber facing the support, 
a casing inside the chamber, said casing sub 
stantially surrounding the space containing the 
Support and the heating means, at least the in 
ner face of the casing being of one of the said 
group of metals, an anode within the Casing, 
and means for producing an electrical glow dis 
charge between the anode and the casing as 
cathode, the Said discharge being carried out 
after a vacuum suitable therefor has been pro 
duced in Said chamber, this vacuum being main 
tained in the chamber during the discharge, said 
discharge, after it has continued for a few min 
utes, being stopped, whereupon the said cham 
ber is evacuated to the pressure desired for the 
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deposition, the deposition being effected when 
this pressure is obtained. 

4. Apparatus for the deposition of a metal 
Selected from the group consisting of metals alu 
minium and magnesium on a support by ther 
mal evaporation in a vacuum, comprising a vac 
uum chamber containing the support, said cham 
ber containing as residual gas, a gas inert to the 
metal to be evaporated, for example hydrogen, 
electrical means for heating the metal to a tem 
perature above its evaporation point at the vac 
uum in the chamber, said heating means being 
located inside the chamber facing the support, 
a casing inside the chamber, said casing consist 
ing of two parts electrically separate, which parts 
together substantially surround the space con 
taining the support and the heating means, one 
part being located on one side of the space and 
the other part being located on the other side 
of said space, at least the inner face. Of the two 
parts of the casing being of one of the metals of 
the said group, and means for producing an elec 
trical glow discharge between the two parts of 
the casing, each part serving as cathode for part 
of the duration of the discharge, the said dis 
charge being carried out after, a vacuum suit 
able therefor has been produced in said cham 
ber, this vacuum being maintained in the cham 
ber during the discharge, said discharge, after 
it has continued for a few minutes, being 
stopped, whereupon the said chamber is evacu 
ated to the pressure desired for the deposition, 
the deposition being effected when this pressure 
is obtained. 
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5. Apparatus for the deposition of a metal 

Selected from the group consisting of metals alu 
minium and magnesium on a support by thermal 
evaporation in a vacuum, comprising a vacuum 
chamber containing the support, said chamber 
containing as residual gas, a gas inert to the metal 
to be evaporated, for example hydrogen, electri 
cal means for heating the metal to a tempera 
ture above its evaporation point at the vacuum in 
the chamber, said heating means being located 
inside the chamber, facing the support, a per 
forated casing inside the chamber, Said casing 
substantially surrounding the space containing 
the support and the heating means, of which cas 
ing at least the surfaces are of one of the metals 
of the said group, an Outer casing inside said 
chamber, said outer casing surrounding the inner 
casing, of which outer casing at least the inner 
surface is of one of the metals of the said group, 
and means for producing an electrical glow dis 
charge between the two casings, each casing 
serving as cathode for part of the duration of 
the discharge, the said discharge being carried 
out after a vacuum suitable therefor has been 
produced in said chamber, this vacuum being 
maintained in the chamber during the dis 
charge, said discharge, after it has continued for 
a few minutes, being stopped, whereupon the said 
chamber is evacuated to the pressure desired for 
the deposition, the deposition being effected when 
this pressure is obtained. 
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