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a. 

2,997,979 
ABPPARATUS FOR APPLYING METALLC FILM TO 

EECTRECAL COMPONENTS AND THE LIKE 
Luigi Tassara, Via Olmetto 3, Milan, Italy 
Fi Red Sept. 5, 1958, Ser. No. 761,061 

5 Claims. (C. 118-49) 

This invention relates to apparatus for applying a 
metallic film to a supporting body. In particular, the 
invention relates to apparatus for depositing an even, re 
sistive, metallic film on the cylindrical surface of a 
ceramic rod to form a resistor. 

In making such resistors it is desirable that the film 
be as uniform as possible over the surface of the ceramic 
rod. The advantages of a uniform film are twofold: 
In the first place, uniformity of the films on each of a 
group of ceramic rods coated simultaneously permits the 
resistance value of each of the films to be determined 
by measuring the resistance of only one. This is de 
sirable in the manufacture of all resistors but is especially 
desirable in the manufacture of precision resistors. In 
the second place, if a coated rod is to be further treated, 
such as by grinding away selected portions of the film 
thereon in order to increase the resistance of the re 
mainder, uniformity of the film insures that there will 
be no poorly coated areas which could result in complete 
breaks in the resistive element unless the grinding were 
done with special care. 

Basically, the machine includes a source of metallic 
vapor, such as an electrically heated crucible containing 
the metal to be vaporized; a carrier, or turret, on which 
a group of supporting members may be mounted so as 
to be moved past the crucible; and a stationary apertured 
shield interposed between the crucible and the path fol 
lowed by the moving members. More than one crucible 
may be proivcded, particularly if thick metallic films are 
to be formed, and, if so, the shield must have an aperture 
for each crucible, the shape of each aperture being Such 
as to permit a predetermined amount of vapor to be di 
rected to different parts of the supporting members. For 
example, if, as will usually be the case, the supporting 
members are ceramic rods, the aperture or apertures in 
the shield will usually be shaped so as to permit an equal 
amount of vapor to reach each elemental sub-area of the 
whole cylindrical surface of each rod. Under some con 
ditions the apertures may be shaped to permit a greater 
amount of vapor to reach the middle of each rod than 
the ends, or vice versa, but in any case, the film must be 
uniform around the circumference of each rod. In order 
to obtain the desired uniformity of coating, the rods are 
rotated, in addition to being moved past the apertures, 
so that all parts of the circumference will be exposed 
uniformily to the vapor. In accordance with standard 
metal film formation, the vaporization and condensation 
are normally carried out in a vacuum. 
The invention will be described more explicitly in the 

following specification together with the drawings in 
which: 
FIG. 1 shows a resistor made according to the inven 

ion, parts being broken away to show a partial cross 
jectional view thereof; 
FIG. 2 shows a partial cross sectional view of one em 

bodiment of the invention; and 
FIG. 3 shows a plan view of the embodiment of FIG. 

} 

As a preliminary to describing the machine which com 
rises the invention, one embodiment of an end product 
made by the machine will first be discussed. This is the 
esistor in F.G. 1. The resistor comprises a supporting 
member 1 in the form of a hollow rod of insulating 
material such as ceramic. Each end of the rod 11 is 
:oated with a conductive layer 12 of some material, 
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such as silver, which has a very low resistance and which 
serves to make contact with the resistive coating 13 on 
the cuter cylindrical surface of rod 11. In the resistor 
shown wire leads 14 are inserted into the ends of the rod 
and are held in place by any convenient means, such as 
by crimping the end of the wire and by filling up the 
end of the rod with solder 16. The resistor is usually 
coated with an insulating material 17 to protect the re 
sistive layer and to prevent changes in resistance due to humidity. 
The present invention is concerned with a machine for 

depositing the metallic coating 13 on the resistor in FIG. 
1 or on similar articles. FIG. 2 is a cross sectional view 
of the machine. In the particular embodiment shown 
three ceramic rods 11a, 11b and c are mounted on a 
mandrel 2 which has a wheel 22, attached to one end. 
The mandrel is supported from a turret 23 by a pair 
of hangers 24 and 26 which fit the mandrel loosely and 
allow it to turn easily. A second mandrel 21a, shown 
on the other side of turret 23, carries only a single ceramic 
rod 11d which is used as a measuring standard in order 
to gauge the resistance of the coating which will be 
applied to each of the rods i. While only two mandrels 
have been shown in FIG. 2 it will be understood that 
ordinarily a large number of them may be suspended 
from turret 23, which is attached to an axle 27. 
The metallic vapor to be deposited upon the rods 11 

comes from metal 28 heated in a refractory crucible 29. 
I have found that an alloy containing about 80% nickel 
and about 20% chromium forms a very satisfactory re 
sistive film. This crucible is heated by an electric cur 
rent which passes through two supporting electrodes 3i. 
Between the crucible 29 and the rods 11 is a stationary, 
horizontal plate 32 supported by a base 33 and provided 
with an opening, or aperture, 34 immediately over the 
crucible 29. The shape of this opening is an essential 
part of the invention and will be more fully described in 
connection with FIG. 3. The outer periphery of the plate 
forms a track 36 which frictionally engages the wheels on 
each of the mandrels. 
The axle 27 is supported by a bearing 37 in which it 

is free to turn. As the axle 27 turns, the mandrels sup 
ported from it each pass across the opening 34 in the 
plate 32. Furthermore, since the plate 32 is stationary, 
the frictional engagement between each of the wheels 
22 and the track 36 causes the wheels to turn the man 
drels 21 and rods 11 supported thereon. In this way as 
each mandrel and its attached rods passes across the 
opening 34 and is exposed to the metallic vapors rising 
from the crucible 31, the rods are turned so as to expose 
all portions of the cylindrical surface thereof to the metal 
lic vapor in order to produce an even coating on each of 
the rods. 

In accordance with standard metallic vapor deposi 
tion processes, the process of condensing vapor on the 
ceramic rods 11 is carried out in an evacuated housing 38. 
This raises the problem of supplying mechanical force 
to turn the axle 27 which is inside the evacuated hous 
ing 38. One way in which this may be done is to attach 
a magnet 39 to the end of axle 27 and to attach a second 
magnet 41 to mctor 42 by means of suitable gears 43. 
The motor, gears and magnet 41 may be supported by 
an arm 44 which can swivel aside to permit the housing 
38 to be removed for loading and unloading the rods 11 
from the turret 23. The purpose of magnets 39 and 41 
is to provide interlinking magnetic fields so that as the 
outside magnet 41 is rotated by the motor 42, the inside 
magnet 39, will rotate along with it and will thereby 
rotate the axle 27. 

FIG. 3 shows a plan view of the stationary plate 32 
so as to give a better idea of the configuration of the 
aperture 34. This aperture is in the form of a four-sided 
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figure, each of the sides being curvilinear. Sides 46 and 
47 are concentric with the axle 27 and are spaced apart 
radially by a sufficient distance to permit metallic vapor 
from the crucible 29 to radiate to the outermost end of rod 
11c and the innermost end of rod 11a. In order to obtain 
an even metallic coating on all of the rods supported by 
mandrei 21 or on all parts of a single long rod which 
could alternately be supported by mandrel 21, it is prefer 
able to place the crucible 29 midway between the sides 
46 and 47. The other two sides 48 and 49 are also curved 
in Such a way as to direct an even coating on each of 
the rods 11a, 11b, and 11c. The reason for the curva 
ture of sides 48 and 49 is that the center of rod b 
passes most directly over the crucible 29 and thus is ex 
posed to the greatest density of metallic vapor while the 
outer end of rod 1a and the inner end of rod lic are 
farthest removed from the crucible 29 and so are exposed 
to a much less dense cloud of vapor. Because of the 
variation in density of the vapor to which various points 
along the rod 11a, 11b and 11c are exposed, sides 48 
and 49 of the aperture 34 must be curved so as to per 
mit the center of rod 11b to be exposed to vapor for the 
shortest time and to permit the outer end of rod 11a 
and the inner end of rod 11c to be exposed for the longest 
time. Thus, the points of side 48 and 49 which are 
closest together are those points which intercept the cen 
tral arc 51 which passes over the crucible 29. Although 
in the embodiment shown, crucible 29 is midway between 
the two sides 46 and 47, it should be noted that if for 
Some reason it were desirable to do so, the crucible: 31 
could be moved either inward toward side 46 or outward 
toward side. 47 and the shape of sides 48 and 49 could 
be varied accordingly. 
The evenness with which the coating may be applied 

to rods which are at different radial distances from the 
axle 27 makes it possible to use only a single rod as a 
standard and to measure the resistance of this rod in order 
to control the deposition of metal on a large number 
of rods disposed about the axle 27. FIG. 2 shows one 
form of contact means for connecting to the coating on 
rod 11d. One end of rod 11d is held in place by a con 
ductive stop 52 which makes good electrical contact both 
with the conductive coating deposited on the end of the 
rod and with the mandrel 21a. The conductive coating 
at the other end of rod 11d is insulated from contact with 
the mandrel 21a. Instead, an insulated brush 53 sus 
pended from the turret 28 connects with the other end 
of rod 11d. A sliding electrical contact is provided in the 
form of a trolley 54 which rides on the upper end of 
brush 53 and which is connected to electrical measuring 
equipment (not shown) outside of the evacuated cham 
ber. In this way it is relatively simple for an operator 
to observe the resistance measured across rod 11d and 
to halt the machine when the resistance of this rod be 
comes sufficiently low to indicate that a thick enough 
metallic coating has been deposited on rod 11d. Because 
of the evenness of coatings on all of the rods, it is un 
necessary to measure each of them individually or even 
to measure rods at different radial distances from axle 27. 

Although this invention has been described in con 
nection with a particular embodiment, variations within 
the scope of the following claims will readily occur to 
those skilled in the art. 

According to an important feature of this invention, 
within evacuated housing 38 there are provided electric 
heating elements 60, e.g. heating resistances electrically 
connected in any known manner to an electric source 
(not shown). The heat generated by said elements pro 
motes diffusion of the depositing resistive layer 13 in the 
mycroporous ceramic structure of the rods 11 whereby 
an intimate bond is obtained. 
To obtain a better diffusion, the rods after their re 

moval from the housing 38 can be subjected to a further. 
heat treatment. 
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4. 
What is claimed is: 
1. Apparatus for depositing a metallic film simul 

taneously on a plurality of cylindrical insulators, said 
apparatus comprising: an electrica'? heated refractory 
crucible containing metal to be deposited on said insu 
lators; a rotatable axle; a turret supported and rotated 
by said axle; a plurality of pairs of arms extending down 
ward from said turret; a plurality of mandrels support 
ing said insulators over said crucible, each of said man 
drels extending in a radial direction from said axle and 
supported by a pair of said arms; a wheel on each of said 
mandrels; a track engaging each said wheel to turn each 
of said mandrels about its own axis as said turret is 
rotated by said axle; and a fixed shield plate perpendicular 
to said axle and located between said crucible and said 
mandrels, said plate having an aperture near the edge 
to permit vaporized metal to pass along straight lines 
from said crucible to the surface of each of said insulators 
in turn as the rotation of said turret about said axle causes 
said insulators to pass directly over said aperture, the 
shape of said aperture being defined by an inner arcuate 
side and an outer arcuate side, both said sides being sub 
stantially concentric with said axle, and two curved sides 
joining the ends of said arcuate sides, the curvature of 
said curved sides being such as to place their arcuately 
proximal points on an arcuate line concentric with said 
axis and passing through said crucible. 

2. The machine of claim 1 in which said crucible is 
substantially equidistant from said inner and outer ar 
cuate sides. 

3. The apparatus of claim 1 in which said curved sides 
are mirror images of each other and are equidistant from 
said crucible and are convexly curved so that the central 
portion of each of said curved sides extends into said aper 
ture to direct an equal thickness of metallic film to all 
areas of the cylindrical surface of each of said insulators. 

4. Apparatus for depositing a metallic film on each 
of a plurality of hollow cylindrical insulators, said ap 
paratus comprising: an electrically heated refractory cru 
cible containing metal to be deposited on the cylindricl 
surface of said insulators; a rotating vertical axle; a tur 
ret supported and rotated by said axle; a plurality of pairs 
of arms extending downward from said turret; a plurality 
of mandrels each comprising a rod extending through 
and supporting a plurality of said hollow insulators, each 
of said mandrels extending substantially horizontally and 
radially out from said axle and being supported by a 
pair of said arms; a wheel on each of said mandrels; a 
substantially horizontal circular track frictionally en 
gaging all the wheels to turn each of said mandrels and 
the supported insulators about its own axis as said man 
drels are rotated about said vertical axle; and a horizontal 
shield plate between said mandrels and said crucible, said 
plate having an aperture directly over said crucible to 
permit vaporized metal to radiate upward along straight 
lines to strike the cylindrical surface of each of Said-in 
sulators as the rotation of said mandrels about said ver 
tical axis causes said insulators to pass across said aper 
ture, the shape of said aperture being defined by four 
curvilinear sides, two of said sides being circularly 
arcuate and concentric with said vertical axle and the 
remaining two sides being mirror images of each other 
and joining the ends of said arcuate sides, said crucible 
being located substantially midway between said arcuate 
sides and substantially midway between said remaining 
two sides, the curvature of said remaining two sides 
being such as to place their proximal points on a circle 
concentric with said axle and passing directly over the 
center of said crucible and to direct an equal amount of 
metallic vapor to all areas of the cylindrical surface of 
each of said insulators. 

5. The machine of claim 4 including electrical con 
tact means rotatable with said mandrels about said ver 
tical axle and making contact with the ends of only one 
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of said insulators to measure the electrical resistance of 
said insulator. 
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