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Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

ABSTRACT OF THE DISCLOSURE

Process for the deposition of mechanically and chemi-
cally resistant, substantially absorption-free light-trans-
parent thin films composed substantially completely of a
saturated metallic compound on a carrier, comprising en-
riching the atmosphere of a vaporization chamber with a
reactive gas whereby said reactive gas is contained in sub-
stantially higher proportion than in the normal atmos-
phere, vaporizing a substance selected from the group
consisting of a vaporizable metal compound, the thin film
of which is mechanically and chemically resistant, sub-
stantially absorption-free and light-transparent and a mix-
ture of such compound with vaporizable free metal of the
type in the compound in the enriched atmosphere and
under a reduced pressure below that which leads to a sub-
stantial decrease in the hardness of the film, and effecting
the condensation of the thus formed vapor on the carrier
to thereby form a thin film of substantially completely
saturated metallic compound on said carrier.

The present invention relates to the production of thin
films from metallic compounds by evaporation at low
pressures.

It is known to produce thin films from metallic com-
pounds by evaporation in vacuo and condensation of the
vapor on carriers or substrates, It is also known to pro-
duce thin films by placing the selected metal on a base or
carrier and by subsequently heating the metallic mirror
including the base in an atmosphere containing a reactive
gas, whereby the desired compound is formed. Such
process is particularly suitable for the production of oxide
films, the metal films placed on the base being heated in
an oxidizing atmosphere. In accordance with another
known process, the oxidation is carried out by means of
oxygen ions produced in an electric vacuum discharge
(glow discharge, electron bombardment), It is also known
to oxidize the metallic films electrolytically.

It has also long been known to produce films of metallic
compounds by cathodic sputtering of the metals in an at-
mosphere of reactive gas, e.g., oxide films by cathodic
sputtering of metals in oxygen, sulphide films by cathodic
sputtering in hydrogen sulphide, nitride films by sputtering
in nitrogen, and so on. By such processes, the molecules
of the reactive gas are activated in the electric discharge
so that they can react chemically with the metals. This
process has the great advantage that the compound forma-
tion takes place while the film is deposited, so that only
one process step is required. Cerium oxide films, for
example, can be produced directly in this way from cerium
as starting material.

The first-mentioned process of direct vaporization of
metallic compounds in a high vacuum has the disadvantage
that the condensate for the most part does not correspond
to the vaporized compound as a thermal disproportioning
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of the components of the vaporized compounds occurs
during the vaporization at a high temperature. In particu-
lar, on vacuum evaporation of saturated compounds, un-
saturated compounds are almost always obtained, or a
mixture of saturated and unsaturated compounds. This
often presents a serious disadvantage in the production of
thin films for optical purposes since films of non-saturated
compounds show optical absorption. This is particularly
so in films from highly refractive substances, as experience
has shown. It is, however, necessary to produce adherent,
resistant and substantially absorption-free films from
highly refractive substances for several very important new
fields of application, such as double-film reflection reduc-
tion, multi-film interference filters and for glass jewelry
with interference iridescence. Most hitherto available films
made from highly refractive materials, for example, the
heretofore most widely used zinc sulphite films, are so soft
that objects coated with the films have to be protected
under glass or else used only where they can be handled
with extreme care.

The processes with subsequent compound formation, in
particular the oxidation of metallic films by subsequent
tempering, and cathodic sputtering, have the disadvantage
that they are extraordinarily time-consuming and that the
objects to be coated must frequently be heated to unper-
missibly high temperatures, of the order of several hundred
degrees centigrade. For example, a thorough oxidation
of a single \/4 film of titanium in air, at atmospheric pres-
sure and at 300° C. requires at least 30 minutes, and at
least as much time is required for the production of such
film by cathodic sputtering. It is therefore not economi-
cally feasible to produce in this way multi-film systems
consisting, for instance, of 20 individual layers.

If films obtainable only by an inconvenient additional
treatment or by the time-consuming method of cathodic
sputtering are eliminated, there remain only very few
substances which lend themselves to the production by
known processes of films which are adherent, resistant,
highly refractive and substantially free of absorption.
Among the compounds which, to be sure, can be vaporized
at very high temperatures, and which yield substantially
absorption-free condensates, are the rare earth oxides, in
particular, cerium oxide, probably due to the very strong
bond between oxygen and cerium.

It has been indicated in the literature that by vaporizing
silicon in vacuo in an atmosphere of residual oxygen,
transparent films of high refractive index can be obtained
which, however, even in a film thickness which produces
a mirror with maximum reflection of 60% (x/4) show
an absorption of 8% of the light falling on the mirror.
Since 40% of the incident light penetrates the film, 60%
being reflected, this means that a full fifth or 20% is ab-
sorbed per individual film. In the frequently used film
thickness of A/2, the absorption of the light which pene-
trates the films constitutes nearly double this amount
(36%). It is clear that systems containing several of such
strongly absorbing films soon are practically non-trans-
parent, so that these proposals do not solve the problem of
obtaining useful absorption-free thin films for optical
purposes.

It is accordingly an object of the present invention to
provide a process by means of which chemically and
mechanically resistant, practically absorption-free, light-
transparent, thin films from saturated metallic compounds
can be obtained without the above-described disadvan-
tages. The process of the invention comprises vaporizing
metallic compounds, or mixtures of metals and metallic
compounds, in vacuo, under an initial pressure leading
to a substantial decrease in the hardness of the films, with
subsequent condensation of the obtained vapors upon
bases, preferably glass, and as characterized by the feature
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that the condensation is carried out in an atmosphere en-
riched with a compound-forming gas in contrast to an
atmosphere such as is obtained by evacuating a vaporizer
originally filled with air. Through this artificial enrich-
ment with the compound-forming gas, it is possible—pro-
vided, however, that metallic compounds or mixtures of
metallic compounds and metals, or a metal alone, are used
as starting substances-—to produce absorption-free films
from saturated compounds, despite the fact that a high
vacuum prevails in the vaporizer, because of which it had
previously been assumed that an unavoidable dispropor-
tioning would have to result, which it was believed could
not be eliminated if hard, strongly adherent films were
to be obtained.

The term “metal” as used throughout the specification
and claims of this case is meant to include silicon which,
although in the true sense is a nen-metal, does in many
ways act and react like a metal,

The process of the invention will now be further illus-
trated by means of the following examples, without, how-
ever, limiting the scope of the invention as defined in the
appended claims.

If TiO,, which can be vaporized from an electrically
heated tungsten vessel at about 2200° C., in a high vac-
uum such as is obtained by evacuating the air from a
vaporizer to a pressure of 1.10-% mm. Hg or less, is con-
densed on a transparent base, films are obtained which at
the frequently employed thickness of A/2 of the average
wavelength of visible light (5500 A.) show an absorption
of 5 to 10% insofar as the vaporization time amounts
to less than 10 minutes. Such films are naturally unsuit-
able for the production of as absorption-free as possible
reflection-reducing coatings, multi-layer interference films,
and the like. The absorption can be somewhat reduced
by prolonging the vaporization or by vaporizing under a
higher pressure, but this is, however, not economically
feasible; and in addition the obtained films are no longer
sufficiently resistant or fast to rubbing. Moreover, when
using hitherto known evaporation processes on numeraus
substances, it is not at all possible to obtain the desired
balance between the required mechanical properties on the
one hand, and the requirement of freedom from absorp-
tion on the other.

If, however, in accordance with the invention, Ti,
TiOz—or another titanium-oxygen compound—is evapo-
rated to form a saturated TiO, film in an atmosphere en-
riched with oxygen, hard TiO; films are obtained in only
a few minutes which have very little and practically no
absorption. Ten or twenty such films together have no

more absorption than a single film obtained by vaporiz- ;

ing in a high vacuum in the hitherto used processes in
which the residual atmosphere consists principally of a
mixture of nitrogen, oxygen and hydrocarbons, the latter
being derived from the pump operating fluid and from
the packing means. Preferably, pure oxygen is used in the
process of the invention for enriching the atmosphere, a
pressure of about 6.10-5 mm. Hg being satisfactory.
The pressure data are, however, intended to serve as in-
dication data. The exact optimum pressure depends on
the average free path, on the distance between the evapo-
ration apparatus and the base to be coated, on the na-
ture of the reactants and possibly on still other factors.
These are in any case easily ascertained by preliminary
experiment with any particular apparatus.

In the process of the present invention, one opzrates
below the pressure which would lead to a considerable
reduction in the hardness of the films. It is particularly
advantageous that this pressure limit in an atmosphere
enriched with a compound-forming gas, is shifted by
a factor of 10 from about 1.10-5 to 1.10—* mm. Hg
(depending on the apparatus). This permits the use as
starting materials of unsaturated compounds which oc-
casionally are easier to vaporize. In this connection, it
is particularly advantageous to use as starting materials
mixtures of metal and metallic gxides, e.g., a mixturg of
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Ti and TiO,, the melting point of which is considerably
lower than the melting point of either Ti or TiO, taken
separately, and which can therefore be vaporized more
easily.

Similar considerations apply to SiO. It has already
been proposed to produce protective layers on mirror sur-
faces and the like by vaporizing SiO,. If this, how-
ever, is attempted in known ways, absorbent films are
always obtained with a light yellow tinge, due to a frac-
tion of SiO or Si in the condensate. It has been pro-
posed 1o transform such films by the use of the known
processes, into absorption-free SiO; films by treatment
with high pressure steam or by a treatment at high
temperatures. Such treatments are, however, quite
troublesome and often the films and the bases do not ad-
mit of such rigorous treatment. If, however, SiO,, or Si
preferably a mixture of SiO, and Si, is treated in ac-
cordance with the present process in an atmosphere en-
riched with oxygen, for example, in oxygen under a pres-
sure of some 5.10~% mm. Hg, films practically free from
absorption are obtained. For the production of absorbent
films, which consist essentially of sub-oxides, it is known
to use starting materials which contain in addition also
metals and other oxides. However, using the process of
the present invention, the condensate is practically free
from absorption also when the starting material contains
metals.

Similar phenomena could in general be established as
the result of further investigations. Metallic compounds
which, in the hitherto employed vaporization process pro-
duce films of considerably higher absorption than would
be expected from the film thickness and the known absorp-
tion properties of the film material in massive condition,
can now be condensed, in accordance with the inven-
tion, to give films of minimum absorption. Especially
thoroughly investigated were the compounds of iron,
zirconium, aluminum, and zinc, in addition to compounds
already described. The same results as for oxygen apply
also for other gases; for example, nitrogen. Of course,
only those compounds are to be expected which can be
produced also otherwise between metals and starting sub-
stances which are gaseous at usual room temperatures.

The further investigations led to the determination of
the following details:

If the quantity of the compound-forming gas intro-
duced into the vaporization chamber is too small, then
absorption will first of all result. Should a preliminary
trial for producing a certain film show that absorption still
occurs, this can be compensated by prolonging the vapori-
zation time. One can, however, by shifting the above-
mentioned pressure limit in accordance with the inven-
tion, also enrich the atmosphere more greatly with the
compound-forming gas, and absorption-free and never-
theless hard films will be obtained. Generally, it is found
advantageous to use an atmosphere which consists at least
of half of the compound-forming gas, such as oxygen.
Advantageously, a pressure higher than 3.10~% mm. Hg is
used. In carrying out the process of the invention, the air
contained in the evaporation chambers before evacuation
can be displaced by the compound-forming gas and the
evacuation then performed, or evacuation can first be
performed to a pressure lower than the vaporizing pres-
sure, and then the compound-forming gas introduced,
with simultaneous increase of the pressure. In some
cases it has proved advantageous to carry out the vaporiz-
ing in a stream of gas, the stream being given a definite
direction; for example, toward the material to be
vaporized, or on the vaporizing apparatus, whereby in
many cases a further improvement in the process is
obtained for example, still faster vaporization. One
can also, as is known in processes for carrying out chemi-
cal reactions in gas chambers at higher pressures, e.g., in
cathode sputtering, ionize the compound-forming gas prior
to contact with the substances to be condensed. This
permits the formation of absorption-free, hard films even
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at a low degree of enrichment and at very low pressures,
much lower than are possible in cathode sputtering.

The introduction of the compound-forming gas into the
evaporation apparatus can be effected through needle-
valves, such as have long been used for the introduction
of oxygen in cathode sputtering apparatus. The installa-
tion of a vaporization apparatus for carrying out the
process of the invention will thus not require any addi-
tional devices and can be set up in a very short time.

In addition to the above discussed advantages of the
substantial saving of time and the possibility of forming
the films without heating the carriers or bases, the process
of the invention presents still further advantages. In the
known processes involving the chemical after-treatment
of deposited metallic films by tempering in a suitable com-
pound-forming atmosphere, the film undergoes an altera-
tion in thickness. This is undesirable in the manufacture
of interference films which have a very exactly pre-
scribed thickness of the individual films, since it is very
difficult to control accurately the film in the after-treat-
ment. While this is possible in a single film and reflec-
tion-reducing films have been prepared in this way, such
procedure is virtually impossible in a multi-layer systern
of say twenty-five films, especially since it is undesirable
to resort to simultaneous heating of the films because
of the risk of alloy formation, so that always only the
uppermost film at any time is carefully converted into the
desired compound. However, during the conversion of
each uppermost film in turn, for example, during the
tempering in an oxidizing atmosphere, not only this upper-
most film is altered, but also every already treated film
underneath undergoes a further change in thickness. In
contradistinction thereto, the process of the invention
produces at once the correct film thickness, which can be
easily measured by known methods during the evapora-
tion.

The invention will be further described by reference to
the accompanying drawing, in which:

FIG. 1 shows in schematical representation an installa-
tion which shall make it possible to manufacture coating
films of sufficient hardness and having the property of
being practically absorption free from titanium oxides
being saturated to a maximum extent with oxygen.

FIG. 2 represents the dissociation pressure of iron oxide
(Fe303) depending on the temperature.

FIG. 3 represents for the titanium oxide (TiO,) the
coherence between absorption and pressure while different
flow directions for vapour and gas are taken into ac-
count,

FIG. 4 shows for the same substance the coherence
between hardness and pressure dependent on the flow
conditions.

FIG. 5 represents the coherence between absorption
and evaporation time for TiO; dependent on different
flow conditions.

FIG. 6 shows a characteristical representation by means
of which the coherence between absorption and hardness
on the one hand, and that between absorption and pres-
sure on the other can be recognized.

FIG. 7 shows in schematical representation the means
for automatic control of the pressure in the vaporization
space.

pFIG. 8 shows an installation adapted for ionization of
the gas to be supplied by means of a gas discharge.

FIG. 9 shows a further installation for ionization of the
gas to be supplied by means of a gas discharge in a
magnetic field. ~

In FIGURE 1 the numeral 1 designates the container
which environs the vaporization space 2 which is to be
evacuated. In the vaporization space 2 is located the
vaporization source 3 which, for instance, in the shape
of a little vessel made of heavy melting metals, such
as wolfram, molybdenum and the like, contains the initial
substance 4. The initial substance 4 will be heated elec-
trically (heating transformer 16) and vaporized in this
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manner. The numeral 8 designates the suction socket for
connection of an evacuation pump. Furthermore, there
are represented gas feeding pipes 5, 6, etc., through which
the gas can be led in which shall be used for manufac-
ture of coatings of metal compounds on a carrier 7, and
which are most saturated with this gas. Preferably
oxygen is taken as a basis of the following consideration,
as especially metal oxides have the properties on which
the manufacture of thin coating films in particular de-
pends, however, without nitrides, fluorides, sulphides, and
other metal-gas compounds being excluded.

If one assumes that as initial substance TiOj; is in the
little vessel 3, the TiO, dissociates in the space 2 and
becomes free of oxygen which, however, because of main-
taining a vacuum in the space 2 will be sucked off imme-
diately. In the statistic average value therefore exists
the vapour cloud which forms, above the little vessel 3,
of pure titanium atoms, molecules of the sub-oxide TiO,
and fully saturated molecules of the compound TiOs
which corresponds to the stoichiometric proportion. If
reference is not had to the single atom or molecule but
to the average statistic condition of the vapour cloud,
then consequently the chemical condition of the gas phase
can be designated by the formula TiO,. In this case
the magnitude of x lies between the values 2 and 0 (zero),
but in any case is smaller than 2. If now through the
pipes 5, 6 oxygen molecules Oy are blown into the vapour
cloud, collisions occur where the TiOx molecules and
those of Oy collide with one another. If the colliding
molecules have the same direction and possess approxi-
mately the same velocity, their thermic energy is approxi-
mately concurrent. Thereby, in contrast to common
lattice combination the affinity between the molecules of
TiO, and O, comes to full effect, the arising condi-
tion of equilibrium is no more because of the high
thermic energy of the TiO; displaced toward the Ti-side,
but is much more displaced from the TiO,-side to that of
the TiOz.

In FIGURE 1 is has been represented schematically
how the TiQ; and O; molecules move off in the vacuum
space 2 from the vaporation source 3. It can be seen that
the TiO; molecules lose oxygen on the high vaporization
temperature and according to the statisic average value
convert into TiO,. If, however, TiO, and O; molecules
coincide in the evacuation space 2 and during considera-
tion, the thermic condition corresponds to a dissociation
pressure of oxygen at low temperatures. Therewith it is
made understood that the compound TiO, is the more
stable one.

FIGURE 2 shows the same conditions more exactly
by means of graphical represented coherence between the
dissociation pressure of the oxygen in mm. Hg for
Fe;0; drawn as ordinate and the temperature drawn as
abscissae. If one assumes that as initial substance there
is FeyO; in the little vessel 3 of the FIGURE 1, a dissocia-
tion occurs according to the following equation:

6F€203=4F6304+02

whereas with increasing temperature the equation reads
from the left to the right. If however, the pressure in
the receiver is below the pressure of dissociation, the
stage of oxidation FezO; also can no more remain in
existence but also this iron oxide will be decomposed to
the next stage of oxidation, where the decomposition
occurs according to the equation:
2F6304:6F€0+02

Naturally also this stage of oxidation cannot remain

stable, if the pressure in the evacuation space is smaller

than the pressure of dissociation, i.e., a further decom-
position of the FeO takes place according to the formula:

2FeO=Fey;+ 0,

Each time, when the compound of low valency occurs,
the function shows a perceptible discontinuity. The FeO
linkage is essentially stronger at the same temperature
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as the linkage FeyOy. If the oxygen of FeyO;. is decom-
posed until the compound FeO is formed, then the pres-
sure of dissociation is essentially lower at same tempera-
ture. It is to be attributed to these phenomena that it
is not possible to precipitate metal compounds being fully
saturated, with oxygen onto the carrier 7 according to
FIGURE 1 even not, if oxides of highest valency are
vaporized in the litile vessel 3, but in general only pre-
cipitates of sub-oxides, respectively of the metal itself can
be realized.

Therewith it becomes evident subsequently that by in-
troduction of oxygen through the pipes 5, 6 the repre-
sented conditions pertaining to the production of a con-
densation product consisting of iron oxide having highest
valency can be changed fundamentally.

The procedure leading to the invention, however, is not
based only on the perceptions representcd by the FI1G-
URES 1 and 2, but is based on further perceptions which
have been represented by graphic method in the FIG-
URES 3 to 6.

If the absorption of the condensation products for the
substance TiO, is drawn dependent on the pressure, there
results a characteristic course of the curves I and II in
FIGURE 3 showing that at determined pressures being
available in the evacuation space 2 the absorption reaches
the 0 (zero)-value. Below these limiting pressures, the
absorp:ion increases more considerably. Consequently,
that means that one must work above these limiting
pressures in order to obtain substances having a low
absorption degree or being practically absorption free.

If now one considers the hardness of the condensation
films produced, again depending on the ruling pressure in
the evacuation space 2, so the conditions relating to this
can be seen from FIGURE 4. This figure shows that from
certain limiting pressures on, which are different from
those as represented in FIGURE 3 and in particular be-
ing higher than the limiting pressure of the curve 1I accord-
ing to FIGURE 3, an extraordinary surprising and rapid
decrease of the hardness occurs. If it is thus desired to
obtain hard films, i.e. mechanically and generally com-
bined therewith also chemically resistant precipitation
films, one must work below these higher limiting pres-
sures, i.e., a clearly determined area of intermediate pres-
sure occurs in the FIGURES 3 and 4 which is character-
ized on the one hand by the manufactured condensation
films being practically absorption free and possessing a
high degree of hardness on the other. Beyond these two
pressure areas one obtains either hard films with high ab-
sorption capacity or such being practically absorption free
but having soft or loose, anyhow, not sufficient hard struc-
ture. As exact experiments have proved, this perception is
generally valid, so that it could be established as a rule
for industrial working from the moment on when this
perception was made.

It has already been directed to it above that as well the
curve I as also the curve IT show the same characteristic
course without any cause existing to enter in particulars
of the differences which are shown by these curves in
comparison with each other. For, according to additional
perception it is not immaterial in which manner the gas
which shall be used for maximal saturation of the metal
gas compound to be manufactured, is admitted to the
vapour stream. There is first of all the possibility to give
the same flow direction to the gas and to the vapour. This
means an increase of the probability of coincidence of
the molecules coming into question, ie. the conditions
represented must improve. The curves II in the FIGURES
3 and 4 correspond to this flow condition. These curves
show according to the expectation an enlargement of the
pressure area lying between them, where with the adjust-
ment of this pressure area hard as well as absorption free
condensation products are obtained. Such a favourable
intermediate pressure does not arise with the curves [
which correspond to a flow condition under which the gas
and the vapour flow in opposite directions to one another.

10

15

20

30

40

45

55

60

70

73

8

Nevertheless, one can also work according to the curves I,
because the dependence of the curves according to the
FIGURES 3 and 4 on the flow condition shows that the
time is of considerable influence. For, the mean sojourn
time, during which a molecule of the admitted gas flow is
such close to a molecule of the substance to be deposited
in the vapour stream that a reaction can take place, is
longer with the process II than with the process 1. There-
fore, the evaporation time which has been taken as a basis
for the FIGURES 3 and 4 with a duration of 4 min., has
been introduced into the FIGURES 3 and 4 as hithereto
not expressively mentioned parameter. In order to make
the influence of the evaporation time immediately recog-
nizable, FIGURE 5 has been represented, where refercnce
is had to a constant pressure of oxygen of 7.10-5 mm. Hg
and to a constant film thickness of

A

4.n
where A may correspond to the wave length of the maxi-
mal eye sensitivity, consequently may correspond to a
wave length of 5500 mu {millimicron). In this case the
influence of the flow direction can in especially clear man-
ner be recognized. While according to the process I an
evaporation time of 15 min. is required in order to obtain
coating substances being free of absorption, only 6 min.
are required with the process 11.

FIGURE 6 shows the conditions in one single figure
which have been represented in the FIGURES 3 and 4
separately, in order to mark off more exactly the area of
intermediate pressure proposed according to the invention,
within which the represented successful results can be
realized, towards the pressure areas within which work-
ing would be without practical success. The expression:
(1—absorption) as well as also the hardness has been
drawn as ordinates whereas the maximum absorption and
the maximum hardness in each case shall correspond to
the value 1. The curve fully drawn out corresponds in
each case to the value (l—absorption), and the dashed
curve corresponds to the hardness. There, where both
curves overlap, the section of the curve which corresponds
to a determined range of intermediate pressure has been
drawn as fat line. The part of the diagram lying beneath
this joint curve section has been emphasized by shadow-
ing, so that on the abscissae axis the limiting pressures
can be recognized. If the process is carried out under
observing these limiting pressures, thus with pressures
lying within the range of intermediate pressures which has
been emphasized this way in the drawing, one obtains
the deposition of films which combine the properties of
being practically absorption free and having great hard-
ness. In all other pressure ranges lying outside of this
narrow range of intermediate pressures, the properties of
the film manufactured lead either in optical or in mechani-
cal respect to disadvantages or even to unserviceability of
the film. It has already been mentioned that characteristic
curves according to FIGURE 6 can be determined for
all substances examined. Thus, absorption free films con-
sisting of 8iOg, ZrO,, TiO,, AlyOs, Zn0O, SnO, and other
oxides could be obtained. Also with compounds, such as
Fe,03 which show still absorption capacity, the chemical
pure stage of oxidation being of highest valency could be
produced according to this process, It is notable in this
case that the evaporations could be carried out without
causing temperature increases worth mentioning of the
carriers or fundamentals.

The FIGURES 7 and 8 show installations in schemati-
cal representation which have been designed according to
example. A special design was necessary therefore, since,
because of the fluctuations occurring in the main circuit,
voltage and amperage of the current may be different.
As the critical range of intermediate pressure is very nar-
row within which high quality properties of the condensa-
tion products are obtainable only, the gas pressure must
be kept entirely constant. Since, however, the evaporation
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speed in its turn depends on the current conditions ex-
plained, the mentioned quantities of gas must be propor-
tioned exactly in order to prevent that a variation in the
gas pressures occurs, For this purpose, according to FIG-
URE 7 a gas admission 12 is assigned to the evacuation
space 2 which will be evacuated by means of pump ar-
rangement consisting of a pre-vacuum pump 9, a diffusion
pump 10 and a valve box 11, The cross section of the gas
admission pipe will be opened more or less by means of
a needle valve 13. A source 14 for supplying gas, not
represented in the drawing, for instance, a gasometer oOr
a gas generator is arranged in front of the needle valve
13. The needle valve 13 which opens more or less the
throttling cross section is under the influence of a servo-
motor 15. The servo-motor in its turn again is put under
the influence of a vacuum gauge 17 which is in the posi-
tion to measure the pressure existing in the space 2. Ex-
pediently the vacuum gauge is designed as a gas discharge
manometer, so that with rising pressure in the high
vacuum space 2 the gas discharge current increases. By
means of this increasing current the equilibrium of a
Wheatstone bridge which has been adjusted to the nominal
value of the vacuum is disturbed. Since the servo-motor
15 is connected in the balancing branch of this resistance
bridge, it will be supplied with current, i.e. the servo-
motor comes into action. The direction of rotation is
determined this way that in such a case the needle valve
throttles the gas feeding cross section 12 more than be-
fore. Thereby, the pressure available in the space 2 de-
creases, i.e., it approximates to the nominal pressure, and
the throttling is maintained until the nominal pressure is
reached. In case of a decrease of the pressure in the space
2 the same procedure takes place in reverse sense. In this
manner the pressure of the space 2 can be fully kept con-
stant during any time desired, so that the critical range
of intermediate pressure, within which the high quality
properties of coating films to be produced are obtained,
is maintained.

In order to increase the capacity of reaction between
metal compounds and gas supplied in the evacuation space
2, there still exists the possibility to ionize this gas, for
example, before or during the introduction into the evacu-
ated space. This can be done thereby, that according to the
propositions made in FIGURE 8 an jonization chamber
18 is inserted into the pipeline 12. This ionization cham-
ber has two electrodes 19, 20 to which a tension of sev-
eral thousand volts is applied which is generated by
means of the transformer 16. On a gas pressure in the
space 18 which is between 1.10—! and 5.10—3 mm. Hg
with corresponding distance of the electrodes there re-
sults a gas discharge in which gas molecules are farmost
ionized. In order to secure that in the space 2 itself
the suitable formation of the intermediate pressure is
not disturbed, the ionized molecules are led into the
space 2 through a throttling member 21 which may be
designed as capillary tube. Another possibility consists
therein that an ionization chamber with a magnetic field
is arranged at the exit opening of the nozzle through
which the gas is supplied into the evacuated space. This
is shown in FIGURE 9. Therein designates 22 a screened
type electro magnet in the magnetic field of which a glass
body 23 containing electrodes is located. The magnetic
field is designed this way that the gas molecules to be
ionized through electrodes being arranged in helical or
in spiral paths in the magnetic field because of their
great free length of path will also be ionized on pressures
being less than 5.10-3 mm. Hg. The electrodes can, for
instance, consist of two net shaped cold cathodes 24 and
25 between which a ring shaped anode is arranged in
this manner that the lines of force of the magnetic field
will intersect vertically the ring plane. The numerals 27
and 28 designate the current supply lines to the elec-
trodes which are led out in vacuum tight manner at the
points 29 and 30 and being connected to the transformer
16. The gas to be supplied streams through the supply
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pipe 12 at first into the space 23, there it will be jonized
by the gas discharge and is then led into the evacuation
space. The process can be applied without difficulties
on pressures up to 1.10—5 mm. Hg. Ionized gas leads
to the advantage that the affinity between the gas ion and
the metal compound is, because of the free valency forces
of the ion, essentially greater than with the molecule
itself. Thereby the probability becomes essentially greater
that in consequence of a collision of the compound with
the ion the possible maximum saturation with the gas,
ie. the appropriate formation of the compound occurs.

What is claimed is:

1. Process for the deposition of mechanically and chem-
ically resistant, substantially absorption-free light-trans-
parent thin films composed substantially completely of a
saturated metallic compound on a carrier, which com-
prises enriching the atmosphere of a vaporization chamber
with a reactive gas [which forms a compound with the
free metal at the temperature of vaporization,] whereby
said reactive gas is contained in substantially higher pro-
portion than in the normal atmosphere, vaporizing [at
least] a substance selected from the group consisting of
L[(1) a vaporizable metal adapted to form a saturated
compound] a vaporizable metal compound, the thin film
of which is mechanically and chemically resistant, sub-
stantially absorption-free and light-transparent [, (2) a
vaporizable compound of such metal, and (3) a mixture
of such compound with the free metal, said substance
including at least a portion of (2) or (3)] and a mixture
of such compound with vaporizable free metal of the type
in the compound in the enriched atmosphere and under a
reduced pressure below that which leads to a substantial
decrease in the hardness of the film, and effecting the con-
densation of the thus formed vapor on the carrier, thereby
forming a thin film of substantially completely saturated
metallic compound on said carrier.

2. Process according to claim 1, wherein the carrier
is transparent glass.

3. Process for the deposition of mechanically and
chemically resistant, substantially absorption-free, light-
transparent thin films of a saturated metallic compound on
a carrier, which comprises vaporizing [at least] a material
selected from the group consisting of [a vaporizable metal
adapted to form a saturated compoundld a vaporizable
metal oxide, the thin film of which is mechanically and
chemically resistant, substantially absorption-free and
light-transparent, [an oxide of such metal and mixtures
of such metal with its oxide] and a mixture of such metal
oxide with a vaporizable free metal capable of forming
such metal oxide under a reduced pressure below that
which leads to a substantial decrease in the handness of
the film and in an atmosphere enriched with oxygen,
[said material including at least a portion of an oxide of
such metal and mixtures of such metal] and effecting the
condensation of the vapor of the vaporized material on
the carrier.

4, Process according to claim 3, wherein the vaporiza-
tion is conducted in an atmosphere at least half of which
is composed of oxygen,

5. Process according to claim 3, wherein the vaporiza-
tion is conducted at a pressure above 3.10-% mm, Hg.

6. Process according to claim 3, wherein the carrier
is maintained at approximately room temperature.

7. Process according to claim 3, including the steps of
initially displacing the air in the vaporization space with
oxygen, and then evacuating such space.

8. Process according to claim 3, wherein the vaporiza-
tion space is first evacuated to a pressure below that at
which the vaporization is to be conducted, and then in-
troducing oxygen into such space until the vaporization
pressure is reached.

9, Process according to claim 3, wherein a stream of
oxygen is maintained in the vaporization space during the
vaporization.
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10. Process according to claim 3, wherein the oxygen
is ionized prior to contact with the vaporized material,

11. Process according to claim 3, wherein the metal
oxide and metal are silicon oxide and silicon, and wherein
the vaporization is conducted in the atmosphere enriched
with oxygen at a pressure of about 5.10—5 mm. Hg.

12. Process according to claim 3, wherein the metal
and its oxide are titanium and a titanium oxide, and
wherein the vaporization is conducted in the atmosphere
enriched with oxygen at a pressure of about 6.10-5 mm,
Hg.
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