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UNITED STATES PATENT of FICE 
2,351,537 

APARA US OR TREANG SURFACES 
Earol Osterberg, Gilbert E. ride, and Rudolf K. 

Luneburg, Buffalo, N. Y., assignors to Spencer 
eas Company, Buffalo, N. Y., a corporation of 
New York 
Applieation March 5, 1942, serial No. 433,422 

(C1. 91-12.2) 
This invention relates to a new and improved 

apparatus for treating the surfaces of articles and 
relates particularly to apparatus for the treating 
or coating of the surface of a light transmitting 
article to substantially eliminate the reflection of 
light from such surface or to change the Contour 
of the surface and thereby alter the light trans 
mitting and/or light refracting properties of the 
article. 
This application is a continuation in part of 

our application fled April 25, 1941, Serial No. 
390,428. 
An object of the invention is the provision of 

an apparatus for treating or coating a surface 
of an article with which the amount and distribu 
tion of the coating may be definitely controlled. 
Another object of the invention is to provide 

a new and improved apparatus for coating the 
surface of an article whereby the amount and 
distribution of the coating may be definitely con 
trolled to provide a uniform coating over the en 
tire surface regardless of whether the surface to 
be coated is flat, plano, spherical, or of other 
Contour. 
Another object of the invention is the provision 

of an apparatus for coating the surface of an 
article with which there may be obtained a con 
trolled variation in the thickness of the coating 
at will over the surface. 
Another object of the invention is the provision 

of an apparatus for coating the surface of an ar 
ticle which allows the coating of larger surfaces than has previously been possible. 
Another object of the invention is the provision 

of a new and inproved method and apparatus for 
coating steeply curved surfaces, particularly Spherical. 
Another object of the invention is to provide 

an apparatus for coating a surface of an article 
which apparatus will accommodate a greater 
variety in the contour of the surfaces to be coated 
Without the employment of any auxiliary apa paratus. 
Another object of the invention is the provision 

of a new and improved apparatus for coating a 
Surface of an article whereby the amount and 
distribution of the coating may be definitely con 
trolled and wherein the coating material used 
may be such as to alter the contour of the article 
to vary the light transmitting or refracting prop 
erties thereof. For example, transforming a 
spherical to an aspherical surface. 
Another object of the invention is to provide 

a new and improved apparatus for altering the 
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system to vary the light transmitting or refract 
ing properties of the lens system. 
Another object of the invention is to provide 

an apparatus of the type set forth which is sin 
ple, eficient, convenient and economical in con struction and operation 
Other objects and advantages of the invention 

will be apparent from the following description 
taken in connection with the accompanying draw 
ings. It will be understood that many changes 
may be made in the details of construction and 
arrangement of parts without departing from the 
scope of the invention as set forth in the accom 
panying claims. We therefore, do not wish to be 
limited to the exact details of construction and 
arrangement of parts shown and described as the 
preferred form has been shown by way of illustra tion only. 

Referring to the drawings: 
Fig. 1 is a diagrammatic view of an apparatus embodying the invention, 
Fig. 2 is a side view partially in section of an 

apparatus embodying the invention. 
Fig. 3 is a view similar to Fig. 2 but looking 

at a different side of the apparatus, 
Fig. 4 is a view taken on line 4-4 of Fig. 3 

looking in the direction of the arrows, and: 
Fig. 5 is a view taken on line 5-5 of Fig. 3 

looking in the direction of the arrows. 
The usual method and apparatus for coating a 

surface of an article by evaporation from a source 
has consisted in placing the article having the 
surface to be coated in a vacuum chamber with 
the article Supported above the source with the 
center of the plate or article on a line normal to 
the source and with the plane of the article ap 
proximately perpendicular to the normal to the 
source. It is well known that with an apparatus 
of this type that the center of the article will re 
ceive a thicker deposit of the evaporated material 
than will be received by the outer zones of the article. 

In the past attempts have been made to over 
come the known non-uniformity of the deposit 
on the article as set forth above. One of these 
methods and apparatus involved the use of sev 
eral sources of material to be evaporated with the 
sources disposed so as to give approximately uni 
form deposits. One of the difficulties with this 
arrangement was that it required many sources 
of material to be evaporated and also required 
that the distribution of such sources be varied 
from one set-up to another. Another arrange 
ment which has been employed has been to in Surface of one or more lens elements of a lens 55 terpose rotating Sectors between the source of the 
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Insterial to be evaporated and the surface to be 
coated in such a nanner as to increase the rela 
tive deposit at the outer edges of the surface to 
be coated. While this gave good control for an 
article having a plane surface, it does not permit 
the use of one sector for several set-ups where 
the contours of the surfaces to be coated are dif 
ferent. It involved laborious calculation to de 
termine the proper sector deviation and also allows 
down the rate of coating and is hardly applicable 
to convex spherical surfaces of small radii of 
Curvature. 
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By imploying the apparatus of this invention : 
as set forth herein, the amount and distribution 
of the coating or deposit of the evaporated nate 
rial may be definitely controlled. 

he method and apparatus herein disclosed 
have varied uses and by employing different coat 
ing materials, may be used for many purposes. 
An example of the use of this apparatus is for 
coating reflectors or the like with a reflective 
metallic coating of aluminum or other reflective 
metals to form a mirror reflector or partial re 
flector. Another example of the use of this ap 
paratus is where the coating material is a metallic 
fluoride or the like or other suitable material 
for forming nonreflective coating on the surface 
of prisms, lenses, windows or other light trans 
nitting articles. - 
Another important advantage of this method 

and apparatus is that it allows lenses or other 
light transmitting articles to have molecules de 
posited on the surface thereof so as to change the 
contour and curvature of the surface of said lens 
or article. For example, by properly controlling 
the amount and distribution of this coating or 
deposit a spherical lens surface may be trans 
formed into an aspheric surface. 
The use of the apparatus of this invention also 

allows the obtaining of a substantially uniforn 
coating over the entire surface to be coated or a 
coating which is thicker at the edge than at the 
center or a coating which is thinner at the edge 
than at the Center or other controlled distribution 
of the coating material and will permit definite 
control of the distribution from one extreme to 
the other over any part or of all of the surface 
to be coated. 
The apparatus of this invention allows the 

coating of surfaces of larger articles than has 
been possible with prior apparatus and also al 
lows of its adaptation from one set-up to another 
with only minor adjustments. 

Referring more particularly to the drawings 
wherein similar reference characters designate 
corresponding parts throughout the several views: 

It is well known that in accordance with the 
cosine law of distribution, that when molecules of 
the coating substance are evaporated from a 
source, the greatest intensity of the molecules 
emitted occurs along the normal to the surface 
of the source and falls of as a cosine of the angle 
of emission from said normal. 
In our application, Serial Number 390,428, re 

ferred to above, we have shown and described ar 
rangements for obtaining a coating of a desired 
thickness and distribution on the surface of an 
article. In said prior application we described 
a method of pivotally mounting the article, the 
surface of which is to be coated, about an axis 
which is varied from the normal to the source to 
obtain the desired control in the coating or de 
posit on the surface to be coated and also that if 
this axis is properly chosen that the coating on 
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a coating of desired uniformity of distribution 
Over the surface of the article, 

in said prior application we also described a 
means and formula for de And con 
puting the best angle at which to place the axis 
of rotation of the article. 

In Fig. 1 there is shown diagrammatically one 
form of apparatus for carrying out this invention. 
In this view N is the normal to the sources, U is 
an upright adapted to support the parts herein 
after described. It will be noted that as shown by 
the arrows the upright U is adjustable both ver 
tically and horontally to alter the position of 
the parts as necessary. 

In this view there is further shown at the up 
per end of the upright U a pivot Whaving a pro 
tractor or angle scale to allow the support P to 
be set at any desired angular relation T with 
reference to said upright Usuch as the angle T 
as shown in the drawings. 
On the support P is mounted the plate holdier 

Yon which is mounted the plate, and the motor 
Miand gear G are provided for rotating said plate 
holder Y and thereby causing rotation of the plate 
Lu during the coating process. The support P is 
also so connected with the upper end of the up 
right U as to allow its being tilted or adjusted in 
two planes at right angles to each other, that is, 
it is practically a universal connection. 
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The plate I has been shown and described in 
Connection with Fig. 1 as a single plate but it will 
be understood that this might instead consist of 
a plurality of elements secured in a plate holder 
and that such elements may be spherical or plane 
or of any desired contour, as described in con 
nection with the forms of the invention shown in 
the other figures of the drawings. 

in the forms of the invention shown in Figs 2 
to 5 inclusive the apparatus is shown enclosed 
in an evaporated chamber such as a bell jar, but 
it is pointed out that either the form of the in 
vention shown diagrammatically in Fig. or the 
embodiment of the invention shown in the other 
figures may or may not be placed in an evacuated 
chamber depending on the coating material to . 
be applied, and if the apparatus is placed in an 
evaporating chamber the adjustable upright U 
shown in Fig.1 may assume the form of a bellows 
or other forms that can be adjusted from within 
or without the evacuated chamber. Also the mo 
tor M may be placed in the vacuun and operated 
entirely therein or may be magnetically operated 
by means of auxiliary magnets from without. 

Referring again to the embodiment of the in 
vention shown in Figs. 2 to 5 inclusive, the de 
vice shown comprises a base A on which is posi 
tioned the bell jar or the like B to form an evacu 
ated chamber. Extending through the base A 
are the electrodes C which may be of any de 
sired number and the crucible D is provided, 
which is connected at its opposite ends to one of 
the said electrodes C. 
Through the base A is provided the opening E 

which may be connected with a vacuum pump 
to provide a vacuum in the vacuum chamber. 
The leads F are provided from each of the elec 
trodes to its respective current supply. 

70 

On the base or support A is provided the an 
nular frame member H to which are supported the 
uprights I and J, preferably at diametrically op 
posed points, although this location of said up 
rights is not essential. 

Slidably mounted on each of said uprights and 
J are located the sliding members K. These slid 

the surface of the plate may be controlled to give 75 ing members K are sit for restliency and each 
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have the offset portion O for supporting the an 
nular member Q which has the projecting por 
tions R adapted to entering openings through the 
offset members O and said projecting portions R. 
being adapted to receive the crews or the like 
W" to retain said parts in assembled relation and 
by tightening said acrew members W the sit 
members O are tightened to retain the sliding 
members K at the desired point on the taprights 
I and J and also the annular member Q may be 
pivoted or rotated to position the enses or the 
like in desired angular relation with the source 
of material to be evaporated from the crucible D. 
On said annular member Q are secured the 

two supporting brackets 2 adapted to support the 
motor A' in operative position and current for 
the motor A' is furnished through the leads B' 
and C which may be enclosed in separate glass 
tubes which are secured to one of the uprights 
and J and which are secured at their lower ends 
to a pair of the electrodes C. 
On the annular member G is the ball race D' 

containing the ball bearings C and on which is 
the rotatably positioned annular member 
which is adapted to support a plate or the like 
G' which is adapted to contain the lenses or 
other articles of which the surfaces are to be 
coated with the surfaces of said articles to be 
coated facing the crucible D. 
The annular member which is adapted to 

rotate on the ball bearings' has secured thereto 
adjacent the periphery thereof the member H 
which is connected to the lever adjacent the 
outer end of the said lever I and the said lever 
is secured adjacent its other end to the notor A 
whereby rotation of the motor causes rotation of 
said annular member" and thereby causes rota 
tion of the plate holder G' and the articles Sup 
ported thereby. 

It is pointed out that said plate holder G' may 
contain a single large article having a surface to 
be coated or may have openings therethrough 
adapted to support a plurality of smaller objects. 

If said plate holder G' is to be of the form 
required to hold a plurality of small objects then 
it is preferable to place an opening in the center 
of said plate holder 'G' in which one of said 
objects may be placed in order to enable the 
operator to watch the coating of the surface of 
said article in said center opening in the reflector 
J' so that the operator will know when the arti 
cles have been properly coated and thereby en 
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able him to discontinue the evaporation when the 
desired coating has been applied to the surfaces. 

In order to set the annular member Q at the 
proper angular relation with the normal to the 
source of the coating material the screws W' are 
loosened and said annular member G is then piv 
oted to the desired angular relation as is shown 
on the protractor or scale U and then said screws 
are tightened again to secure said annular men 
ber in desired angular relation. This tilting of 
said annular member Q simultaneously changes 
the angular relation of the supporting plate G' 
and motor A' which are secured to said annular 
member Q so that said parts are always in oper 
ative relation regardless of the angle of said an 
nular member Q. 
The reflector J' must be secured so that it will 

not revolve, which would not allow constant ob 
servation thereof by the operator and in order 
to secure said reflector in such a position that 
it will not interfere with the movement of said 
lever I, we secure the mirror support Li' to that 
part of the shaft of the notor A which is not 
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rotatable so that the reflector J. always remains 
in fixed relation with the other nenbers and does 
not interfere with the novernent of the rotating 
concentric member'. 

The annular member Q has in the upper sur 
face thereof an opening in which is received a 
projection N' on the annular member which 
prevents the entrance of the evaporated material 
into the ball race O'. 
The motor A'is of the shaded pole type having 

oilless bearings and having the laminations 
cleaned and put together with Glyptal and the 
coil winding of an enamed wire sealed with 
Glyptal and the arnature coated with Glyptal 
and then cadmium plated. The Glyptal sealing 
and the cadmium plating prevents the formation 
of air pockets and completely seals the parts of 
the notor. .* ----- - 

Also, in the construction of the motor any fiber parts, such as insulators, or reducing gears are 
eliminated for the same reason. 

In operation the supply of the coating material 
is placed in the crucible D and the article or arti 
cles to be coated are placed on the plate or por 
tion G' with the surface thereof to be coated in 
the direction of the crucible D. 

The annular supporting member G is then piv 
oted to the proper angle for the desired coating 
and is locked at such angle by means of the 
screws W' as described above. This angle is 
shown on the protractor or scale and pointer. 
The angle at which the support Q and articles 

to be coated is placed is computed according to 
the formula and method set forth in the prior 
application referred to above. Current is then 
applied through the electrodes C to the crucible 
D and motor A' to cause the coating material to 
be evaporated and the lever to be rotated to 
rotate said plate support F" to rotate the plate 
or plates G' and the operator observes the coat 
ing operation in the reflector J' until the sur 
faces have obtained the desired coating when the 
current is shut-off. 

It is pointed out that while the apparatus de 
scribed has been shown as having a single source 
of coating material that any desired number of 
such sources, including sources of desired con 
tour such as ring shaped sources, may be em 
ployed. The changing of the number and loca 
tion of such sources will, of course, require cor 
responding changes in the angle at which said 
support Q is positioned. 

It is also pointed out that by employing the 
method and apparatus outlined herein, that plane 
or spherical surfaces may be transformed into 
aspherical surfaces and lens systems may be con 
siderably transformed or designed to produce new 
systems having greatly improved optical proper 
ties as regards image definition and speed. The 
coating material for forming nonreflective films 
may be magnesium or calcium fluoride or cryolite 
or other suitable substances or a layer of quartz 
over a layer of titanium dioxide, beryl, aluminum 
oxide, or other suitable material. 
The coating material for transforming plane 

or spherical surfaces into aspherical surfaces may 
be beryl, quartz, magnesium fluoride, or cryolite 
or other suitable material. 
The apparatus and method described above 

may also be employed where the coating mate 
rial is metal, such as in the forming of reflectors 
or reflective surfaces, 

It is also pointed out that while we have shown 
and described the plate or plates to be coated 
as rotatable and the source of material to be 
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evaporated fixed relative thereto, that it is pos 
sible to maintain the plate or plates in fixed 
position and moveably mount the source so that 
said source will move relative to said plate or 
plates. 
From the foregoing it will be seen that we have 

provided simple, eficient and economical means 
for obtaining all of the objects and advantages of 
the invention. 

Having described our invention, we claim: 
1. In an apparatus for producing a coating of 

controlled thickness on the surface of an article, 
means for supporting a coating material, means 
for supporting the article to be coated with at 
least a portion of the surface to be coated toward 
said means for supporting a coating material, 
means for rotating said article support to rotate 
said article, means for changing the angular rela 
tionship between said means for supporting a 
coating material and the article to be coated and 
means for rotating said article about an axis 
computed to produce a coating on said article of 
controlled thickness while causing emission of 
said coating material from said means for sup 
porting a coating material. 

2. In a device of the character described, means 
for supporting a coating material, means for sup 
porting. an article a surface of which is to be 
coated in alignment with said means for slip 
porting a coating material, means for positioning 
said support in desired angular relation with said 
means for supporting a coating material, means 
for changing said angular relation and means 
directly connected with said article support for 
rotating said article and Said means for support 
ing a coating material relative to each other while 
in said angular relation an during the coating 
of a surface of said article. 

3. In a device of the character described, means 
for supporting a coating material, a support, 
means on said support to carry an article a sure 
face of which is to be coated and means whereby 
the distance between said article and said means 
for supporting a coating material may be varied 
and means for changing the angular relationship 
between said means for supporting a coating 
material and the article to be coated. 

4. In a device of the character described, neans 
for supporting a coating material, a support, 
means on said support to carry an article a Sura 
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face of which is to be coated and means whereby 
the distance between said article and said means 
for supporting a Coating material may be varied 
and means for changing the angular relationship 
between said means for supporting a coating na 
terial and the article to be conted and nean 
directly connected with said article aupport for . 
rotating said article during the coating thereof. 

5. in a device of the character described, ara 
evacuated chamber, neans for supporting a coat 
ing material and an article support in said 
evacuated chamber, means for varying the dis 
tance between said means for supporting a coating 
material and said article support, means for vary 
ing the angular relationship between said means 
for supporting a coating material and said article 
support and means directly connected with said 
article support for rotating said article support 
during the coating of an article supported thereby. 

6. In a device of the character described, an 
evacuated chamber, means for supporting a coat 
ing material and an article support in said 
evacuated chamber, means for varying the dis 
tance between said means for supporting a coat 
ing material and said article support, means for 
varying the angular relationship between said 
means for supporting a coating material and said 
article support and a motor in said evacuated 
chamber and connected with said article support 
for rotating the same during the coating of an 
article supported thereby. 

7. In an apparatus for producing a coating of 
controlled thickness on the surface of an article, 
neans for supporting a coating material, means 
for Supporting the article to be coated with at 
least a portion of the surface to be coated toward 
said means for supporting a coating material, 
means for rotating said article support to rotate 
said article, means for changing the angular re 
lationship between said means for supporting a 
coating material and the article to be coated and 
means directly connected with said article sup- - 
port for rotating said article about an axis com 
puted to produce a coating or said article of 
controlled thickness while causing emission of 
said coating material from said means for sup 
porting a coating material. 

EAROAD CSERBERG. 
GBRT E. PROE. 
RUDOLF K. UNEBURG. 


