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The present invention relates to new articles of 
manufacture comprising a coating of a metal 
Such as aluminum, silver, or the like on a back 
ing of glass or Similar vitreous surface and to a 
process of preparing the same. It is particularly 
Concerned with mirrors comprising a polished 
Vitreous base provided with novel metallic films 
Which are hard, mechanically resistant to abra 
Sion incident to periodic cleaning, and highly re 
flecting. 
The production of metal-Surfaced witreous 

bases, such as highly refiecting mirror surfaces, 
by the evaporation or sputtering of metals' such 
as aluminum, silver, etc. in a good vacuum on 
t? a gla.SS or other vitreous Surface is well known. 
In the usual evaporation process, a tungsten or 
molybdenum filament charged or coated with the 
metal (of lower melting point) to be evaporated 
and the glass or other surface to be coated are 
mounted in a vacuum chamber with the surface 
to be coated So oriented that it is Substantially 
uniformly presented to the filament. The vac 
uum chamber is evacuated by a pump and the 
filament electrically heated by suitable means 
until the lower melting metal held thereon has 
been evaporated. By this process the , surface 
which has been eXposed to the filament receives 
a coating of the evaporated metal. 

In the usual sputtering process, a cathode com 
posed of the coating metal, the previously cleaned 
surface to be coated, and a suitable anode which 
is preferably made of aluminum or other metal 
of loW atomic number, are SuSpended in an air 
tight chamber which is then i evacuated and 
thereafter filled with an inert gas, preferably 
argon, to a pressure of a few to a few hundred 
microns. The surface to be coated is placed close 
and parallel to the cathode and the anode, which 
may be a metallic bounding wall of the chamber, 
is Situated at SOme distance from both the cath 
ode and the surface to be coated. The distance 
between the cathode and the Surface to be coated 
depends on the pressure of the argon in the cham 
ber. When the pressure is about 200 microns, 
this distance is about One-half inch. . The appli 
cation of a direct current electric potential of 
from 500 to 10,000 volts (depending on the pres 
Sure of the argon gas) to the two electrodes SetS 
up a glow discharge in the argon gas producing 
positively charged argon ions which “fall” on 
to the surface of the cathode to be splittered with 
sufficient energy to rip off atoms or small atomic 
aggregates of the latter and project or sputter 
them in all directions with great Speed, Those 
flying fragments stick to the surface to be coated 
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or any other surface upon which they strike 
and build up a layer or film of the material com 
posing the cathode. 

Films obtained by either of the methods out 
lined above possess to a greater or less degree 
the physical and chemical properties of the ma 
terial composing the cathode. The hardness and 
tenacity with which these films adhere to the sur 
face upon Which they are deposited, and their 
reflectance for light or other electromagnetic 
radiation depend on many details of technique 
employed in the various steps of the procedure. 
The most important of these are: the precautions 
taken to thoroughly clean the surface upon which 
the film is to be deposited, the purity of the argon 
gas when sputtering, the degree of vacuum ob 
tained during evaporation or before admitting 
argon gas when sputvering, and the purity of the 
evaporated or Sputtered metal. 
But even when the most thoroughgoing care 

has been bestowed on the above considerations it 
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is found that is when Such metals as Silver and 
aluminum are used to make films, although the 
latter may initially have as high a refiectance as 
could be expected, still they are easily scratched 
by even gentle rubbing with a Soft cloth, adhere 
poorly to the underlying Surface, blister away 
from the same in a few days, weeks, or months, 
and, in the case of Silver, tarnish rapidly when 
exposed to the atmosphere. Various remedies 
have been proposed from time to time to obviate 
these undesirable characteristics. One of these 
remedies has been to coat the Surface first With 
a film of chromium and then apply the film of 
surface material thereon. This procedure has 
been found to be helpful but not entirely satis 
factory. Another, in the case of aluminum films, 
has been to heat-treat and/or Subject the film 
to transient immersion in water or other chemi 
cal liquid solutions. These measures are also 
helpful but fall short of a satisfactory answer. 
It is also known that aluminum film S harden 
somewhat with time upon éxposure to the atimiOS 
phere, but the hardening so obtained is insuffi 
cient and the tendency to blister away from the 
underlying Surface Still l’EmainS. 

It is a general object of the present invention 
to provide means for overcoming the defects de 
scribed above. A specific object of the invention 
is to produce metallic films which adhere tightly 
and permanently to the underlying vitreous Suur 
faces and are Sufficiently hard that they may be 
cleaned from time to time by washing and Wip 
ing with a cloth without the production of notice 
able scratches. A further object of the inven 
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tion is to provide means for treating films so 
produced that they are permanently unaffected. 
by the ordinary atmosphere. 

In accordance with the present invention a 
hard, tightly adhering, Scratch-resistant film of 
a metal such as aluminum, silver, gold, nickel 
or the like on a glass or similar vitreous surface 
is obtained by vacuum-depositing a foundation 
coating or layer of beryllium on to the clean 
vitreous surface and thereafter vacuum-deposit 
ing a coating or layer of a Second metal Such aS 
aluminum, etc. over this beryllium base. Pref 
erably the two metals are so applied that a 
layer of an alloy of beryllium and the metal of 
the top coating is formed intermediate the two 
coatings. |- 
Composite metal films produced in accordance 

with the present invention have been found to 
adhere with great tenacity to the polished base 
and do not loosen up or blister away from the 
base even after long periods of exposure to the 
atmosphere. 
A further improvement in the scratch-resist 

ance of the metal film is obtained by treating 
the film with a polar compound such as a soap 
capable of reacting with the film metal. It is also 
within the scope of the invention to coat the film 
with a vapor-deposited layer of a metal fuoride 
to improve itS resistance to corrOSiWe gaSeS and 
vapors present in the ordinary atmosphere. If 
desired, the metal fluoride and soap treatments 
may be combined to obtain the composite results 
of both treatmentS. 
The present invention will be specifically de 

scribed in connection with the manufacture of 
mirrors provided with a reflecting coating of alu 
minum such as are shown in Figs. 1, 2, 3, and 4 
of the accompanying drawing wherein the var 
ious layers or coatings are indicated by suitable 
legends. · 
For maximum strength and mechanical resist 

ance the composite film is preferably formed in 
one continuous process or operation in which a 
thin vacuum-deposited layer of beryllium is first 
applied to the glass base followed by the simul 
taneous application of beryllium and the refect 
ing metal to form an intermediate layer of an 
alloy of these two metals, which layer is caused 
to become progressively richer in the reflecting 
metal as the distance from the base increases 
until finally a layer of pure reflecting metal is 
deposited over the alloy layer. These operations 
are preferably carried out in the following 

er: 
Two heating filaments of tungsten, mounted 

in a vacuum chamber, side by side, but shielded 
from one another by a partition, are employed. 
These filaments are preferably made . helical in 
form and mounted with their axes horizontal and 
parallel. Fragments of beryllium are placed in 
side one helical filament, and fragments of allu 
minum, or other metal employed to form the top 
layer of the film, in the other. A shutter adapted 
to be opened and closed from outside the vacuum 
system, for example by means of a magnetically 
controlled mechanism, is mounted between the 
filaments and the glass plate which is to be ex 
posed to these sources of metal vapors and upon 
which the film is to be deposited. The vacuum 
jar or chamber is provided with a reentrant fiask 
into which liquid air or other refrigerant may 
be introduced. The surface of this cooled re 
entrant flask exposed in the space being evacu 
ated serves as a pump of great speed for condens 
able vapors released in the vacuum chamber dur 

4 
ing the process of evaporation. It is best to delay 
the introduction of the refrigerant into the re 
entrant flask until a good vacuum has been ob 
tained and the evaporation is to be initiated. 

5 When the chamber has been evacuated to a pres 
Sure 0f 0.1 micron, or less, refrigerant is intro 
duced into the reentrant flask. The shutter is 
closed and the filament bearing the aluminum or 
other metal to form the top layer of the film is 
heated until this metal is melted down and starts 
to evaporate, and the surface impurities on the 
liquid metal bead have disappeared. The heat 
ing current to this filament is then shut off and 
the heat applied to the filament carrying the 
beryllium. When the beryllium beads have be 
come clean and are evaporating copiously the 
shutter is opened and the beryllium vapor is al 
lowed to condense on the glass surface to be 
coated. When the beryllium film on the glass 
Surface has grown to such a thickness as to trans 
mit only 10 to 20 per cent of the light from the 
filament (this thickness is not critical; it could 
be Such as to transmit from 10 to 90 per cent of 
the light without materially altering the final 
result) the filament bearing. the aluminum or 
other metal is again heated and evaporation of 
this metal reinitiated. Both the beryllium and 
the aluminum are then preferably allowed to 
evaporate simultaneously for a while, thus form 
ing an intermediate alloy film by deposition of 
the mixed vapors on top of the beryllium coating. 
When this film has built up to a substantial thick 
meSS So as to be practically opaque to light, the 
temperature of the filament bearing the beryllium 
is gradually lowered to decrease the rate of evap 
oration of this metal and finally the heating cur 
rent to this filament is shut off entirely. The 
heating current to the filament bearing the alu 
minum is still maintained until a sufficient quan 
tity of pure aluminum has been deposited on top | 
of the intermediate coating of beryllium-alu 
minum alloy to form a top coat having the optical 
properties of pure aluminum. Finally, the heat 
ing current to the filament bearing the aluminum 

45 is shut off and the film is completed. The quan 
titative control of the amounts of the various 
metals evaporated in the several stages of the 
process is best achieved by preliminary evapora 
tions in which the rate of evaporation and hence 

50 the relative proportions of each metal in the 
metal vapors coming in contact with the glass 
Surface is measured as a function of the amount 
of metal introduced into the helices and the tem 
perature of the helices. 

55 From the above description it will be seen that 
a film produced in the manner described is com 
posite and that it may be broadly described as 
comprising an inner coating of beryllium, an in 
termediate or transition coating of beryllium 

60 aluminum alloy and an outer or surface coating 
of aluminum. In the preferred films prepared as 
described hereinbefore, the intermediate or tran 
Sition coating actually consists of three distinct 
ZOnes or layers as shown in Fig. 2. The first of 

65 these three intermediate layers in a transition 
layer composed of an alloy of beryllium and alumi 
num Which becomes progressively richer in au 
Iminum and poorer in beryllium as the distance 
from the glass surface increases, until the sec 

70 ond intermediate layer of a beryllium-aluminum 
alloy of substantially constant proportions - is 
reached. Thereafter, the second intermediate 
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layer extends for some distance to the third in 
termediate layer in which the proportion of 

75 beryllium continually decreases unti no more 
  



5 
beryllium at all appears. The - outermost part 
of the composite film is pure aluminum. 
Although films comprising five recognizable 

layers or coatings are preferred, films comprising . 
a fewer number of metal layers are also within 
the scope of the i present invention. For ex 
ample, the intermediate alloy layer or layers may 
be omitted and a layer of the second metal ap 
plied directly over the beryllium layer. However, 
better adhesion of the two layers is obtained 
through an intermediate alloy layer or layers. 
For example, an intermediate alloy layer in which 
the beryllium content' thereof decreases gradu 
ally and continuously as the distance from the 
underlying beryllium layer increases may be used, 
Such a layer can be formed by gradually lower 
ing the temperature of the filament bearing the 
beryllium at the same time that the filament 
bearing the aluminum is gradually heated to 
maximum evaporating temperatures. The com 
position of the intermediate layer or layers may 
also be controlled by employing separate and 
independently operable shutters for the beryl 
llium and aluminum flaments. In either case, 
the relative proportions of the metal vapors may 
be readilly controlled and varied. 

Composite metallic film of beryllium-aluminum, 
beryllium-silver, beryllium-gold, etc. prepared in 
accOrdance With the present invention have been 
found to adhere permanently and with great 
tenacity to glass Surfaces and to be so hard that 
they could be removed with only the greatest dif 
ficulty unless abrasives or chemicals were used. 
Moreover, these films have the reflectance for 
light of the metal forming the top layer. Ordi 
nary cleaning processes are quite ineffective in 
removing the films and they do not loosen up or 
blister away from the underlying glass surface with 
time or exposure to the atmosphere. While such 
films with top surfaces of aluminum, silver, gold, 
nickel, etc., when rubbed vigorously with a hand 
kerchief or towel, will show fine scratches, such as 
are formed when these same polished bulk metals 
are subjected to the same treatment, it is very dif 
ficult to rub through the top layer. The films are 
not torn, wiped away, or otherwise disintegrated, 
by ordinary cleaning processes used to free such a. 
surface from dust, finger prints, etc. I shall 
presently describe - further measures or treat 
ments which will reduce materially the fine 
scratches which may be produced on the other 
wise untreated metal top layer by vigorous rub 
bing with a handkerchief or towell. The most 
durable films are those composed of five recog 
nizable layers: namely, two pure layers, one of 
beryllium and one of aluminum, silver, gold, 
nickel, etc.; two transition layers composed of 
beryllium and the metal of the top layer of con 
tinuosly Varying proportions; and separating the 
transition layers, an intervening layer composed 
of an alloy of beryllium and the metal of the top 
layer Of constant and controllable proportion, 
which layer has a composition intermediate the 
aVerage composition Cf the two transition layers. 

It is well known that alloys of beryllium and 
other metals are usually very hard, and that cer 
tain alloys are harder than others. By the meth 
Od described above it is possible to select the par 
ticular alloy composition of the two metals con 
cerned that has the greatest mechanical strength, 
and to evaporate the two metals at such rates 
during the formation of the middle layer of the 
five layer film that this layer will be composed 
of the two metals in the desired proportions. If 
necesSary, a Subsequent heat treatment of the 

2,410,733 
6 

composite film would be adequate to develop the 
required alloy structure. " I do not wish to imply 
that the various layers in the composite films 
containing an intermediate alloy layer or layers 

5 are separated by definite boundaries. Rather, 
they are continuously graded one into the next 
adjacent one and so on. There is nothing there 
fore in their structure in the nature of discon 
tinuities which might favor a separation or dis 
integration of the composite film into component 
partS. 

It has also been found that metallic films pro 
duced in the manner above described may be ef 
fectively protected from the formation of fine 
scratches caused by vigorous rubbing with a cloth 
by, treating the freshly prepared metal film with 
liquid compositions composed of long chain polar 
molecules capable of reacting with the metal film 
to form a hydrophobic layer. Examples of such 
materials are undiluted liquid soap, long chain 
fatty acids Such as stearic acid, oleic acid, or the 
alkali metal salts of such acids. The excess com 
pound is removed by washing with water. These 
compounds are believed to react chemically with 
the metallic reflecting surface of the filmforming a 
hydrophobic monomolecular layer, as is shown in 
Fig. 3, on the metal surface with the OH ends of 
the molecules adhering tightly to the metal sur 
face and the CH3 ends exposed. Films treated in 
this way shed water completely and may be 
rubbed quite vigorously with a cloth without the 
production of the fine Scratches mentioned above. 
Each washing with a polar compound will restore 
any damaged part of the film. 

It has further been found that the chemical ac 
tion on film Surfaces due to deleterious gases and 
vapors in the atmosphere can be overcome to a 
great extent by evaporating in a vacuum a layer 
of a metallic fluoride, preferably an insoluble 
fiuoride such as magnesium fluoride, on the 
freshly prepared metallic films. A section of a 
mirror treated in this manner is shown in Fig. 4. 

. The thickness of this fluoride film can be of the 
order of 1 to 5X10-5 cm. This thin fluoride layer 

45 impairs the reflectance of the film to a slight de 
gree but greatly improves its resistance to me 
chanical abrasion and decreases its susceptibility 
to tarnish when exposed to the atmosphere. It is 
also advisable to treat these fluoride coated films 

50 with a polar compound such as liquid soap, as the 
same water shedding and mechanically protective 
layer of molecules is produced on a fluoride sur 
face by these materials as is produced on a metal 
lic. Surface. 
Although the invention has been described with 

specific reference to the production of improved 
mirrors by the vaporization process, it is to be un 
derstood that it may be used generally for the 
production of durable metallic films on any vitre 

60 ous base and that the metal films may also be pro 
duced by sputtering the various metals in proper 
Order and proportions on to the vitreous surfaces. 
By the term “vacuum-depositing” or “vacuum 
deposited” as used herein and in the appended 

05 claims, I refer to the well known vaporization and 
sputtering processes, both of which are carried 
out in a partial or complete vacuum. Sputtered 
coatings are usually harder but the sputtering 
process is inherently slower than the vaporiza 

70 tion process. 
Metals other than those specifically mentioned 

hereinbefore may also be used for the outer or top 
layer of the composite films, particularly when 
light reflectance of the productis of little or no 

75 importance, as, for example, in the manufacture 
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of films for use as electrical conductors or resist 
ors, etc. 
tungsten, chromium, zinc, tin, lead, antimony, 
copper, etc. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
In the process of manufacturing mirrors the 

steps which comprise exposing a polished glass 
Surface to a source of beryllium Wapor to form On 
said surface a coating of beryllium - capable of 
transmitting from 10 to 90 per cent of the light 
emitted by the source of said vapor, exposing Said 
beryllium coated surface to said source of beryl- i 
llium vapor and simultaneously to a source of alu 
minum vapor while gradually increasing the rate 
of vaporization of the aluminum until the propor 

Specific examples of such metals are 
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tions of beryllium and aluminum vapors are such 
as to deposit on said metal coated Surface a beryl 
lium-aluminum alloy of predetermined composi 
tion, thereafter gradually decreasing the rate of 
vaporization of beryllium until only aluminum. 
vapor is condensed on the resulting metal coated 
surface, heat treating the resultant product to 
develop the said beryllium-aluminum alloy struc 
ture, vapor-depositing a thin layer of mâgnesium 
fluoride on the aluminum coated - Surface and 
thereafter treating said magnesium fluoride 
coated surface with a material selected from the 
class consisting of long chain fatty acids and the 
soluble alkali metal salts thereof capable of form 
ing a hydrophobic layer on Said composite film. 

CLARENCE W. HEWLETT. 
  


