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MONITORING OF VAPOR DENSITY IN VAPOR 
DEPOSITION FURNANCE BY EMISSION 

SPECTROSCOPY 

The present invention relates generally to a means for moni 
toring vapor density in a high-vacuum electron beam furnace 
and more particularly to an improved method and apparatus 
for accurately measuring the density of vapor at predeter 
mined locations. in a high-vacuum electron beam furnace by 
emission spectroscopy. - . > 

Numerous industrial processes using various vaporization 
techniques are becoming increasingly useful. For example, 
such processes are employed to great advantage in the deposi 
tion of very thin ?lms of both metallic and metallic materials 
on a wide variety of substances. Apparatus using electron 
beams as a source of heat are particularly useful in such 
processes, since the extremely high power densities attainable, 
makes the selection of materials which are to be melted and 
evaporated virtually limitless. 

. Typically, a beam of electrons is generated by the heated 
?lament, of an electron gun in a high-vacuum electron beam 
furnace. The electron beam is directed onto the evaporant 
material and melts it. Continued heating vaporizes the 
evaporant material. A water-cooled crucible may be em 
ployed when a high melting point material is to be evaporated, 
thereby preventing a reaction between the crucible itself and 
the evaporant. 

Preferably a magnetic ?eld is generated adjacent the cruci 
ble for directing the beam of electrons onto the evaporant. 
This magnetic ?eld is preferably directed perpendicular to the 
direction of travel of the electrons and, hence, de?ects them 
into a curved path. The use of a magnetic ?eld for directing 
the electrons onto the evaporant permits the positioning of the 
electron gun in an area isolated from the vapors produced. 
This prevents the electron-emitting apparatus from being con 
taminated by the vapors. It is usually possible to obtain vapor 
pressures as high as several millimeters of mercury in the re 
gion relatively close to the evaporant without adversely affect 
ing the associated equipment by using this method of focusing 
the electron beam. A relatively dense vapor cloud of this na 
ture is desirable in order to produce relatively high rates of 
vapor plating. 
When the beam of electrons, which may be designated as 

primary electrons, is directed into the cloudsof vapor, a rather 
small percentage of the electrically neutral atoms in the cloud 
are subjected to bombardment by the primary electrons. As a 
result of such bombardment previously electrically neutral 
molecules become ionized by the knocking off of an electron 
from an atomic orbit. Such electrons may be designated as 
secondary electrons. These secondary electrons dislodged as a 
result of the ionizing collisions acquire some kinetic energy in 
the process. Secondary electrons may also be produced by the 
primary electrons impinging upon the evaporant. 
The emitted or secondary electrons generally move quite 

Slowly relative to the primary electrons. Since these electrons 
travel more slowly they require more time to pass through or 
adjacent to the electric ?elds of the other neutral atoms in the 
vapor cloud. Consequently, these secondary electrons are 
better able to a?'ect the electrons in the outer electron shells 
of the neutral atoms and thereby are more effective for ioniz 
ing neutral atoms than are the faster moving primary elec 
trons, provided, of course, that the secondary electrons have 
suf?cient energy to overcome the binding energy binding the 
electrons to the atom. 
The more slowly moving secondary electrons which result 

from the ionization process previously described are also more 
greatly de?ected by magnetic lines of force as they move 
through a magnetic ?eld than are the faster moving (higher 
energy) primary electrons. The paths of the secondary elec 
trons are thus curved very sharply by the magnetic ?eld rela 
tive to the effect experienced by the primary electrons. As a 
result, low-energy electrons can be virtually trapped by the 
magnetic ?eld, while the high energy primary electrons are 
de?ected only enough to cause them to strike the evaporant. 
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2 
The only escape route from the vapor cloud for these seconda 
ry electrons is in a generally spiral path toward a pole piece of 
the magnet. This spiral path of the secondary electrons is sub 
stantially longer than the path of the primary electrons, and 
hence increases the possibility of producing additional ions at 
the secondary electrons travel through the magnetic ?eld. 

Often a single electron released as a result of an ionizing 
collision is given sufficient kinetic energy to effect the forma 
tion of several additional ions and liberate the associated elec 
trons before passing out of the magnetic ?eld. Each ionizing 
collision results in the loss of kinetic energy by the electron 
equal to the ionizing potential of the particular atom involved. 
For example, if a cloud vapor comprises copper atoms it is 
theoretically possible for a 100 electron volt primary electron 
to generate 12 copper ions, the ionizing potential of copper 
being 7.723 electron volts. As a practical matter, however, it 
has generally been found that only about half the ionization is 
produced as is theoretically predicated, for moderate densities 
at about i millimeter of mercury. ‘ 

ln addition to creating further ionization by knocking elec 
trons completely free of their molecules, the primary and 
secondary electrons may lose energy to the atoms without 
freeing an electron. When an electron undergoes such an in 
elastic interaction with an atom, the electron excites the atom, 
changing its electronic energy state to a higher level, the elec 
tron losing kinetic energy in the process. The atom thereupon 
emits a predetermined amount of energy in the form of radia 
tion as an orbital electron returns to its lower level. 
The wave length of the radiation emitted is predictable from 

a knowledge of the type of atom involved and the change in its 
energy state. The substances of interest for purposes of the 
present application generally emitenergy in the form of light 
waves in the visible or ultraviolet range. A spectral analysis of 
the emitted radiation may be carried out by using appropriate 
?lters and aligning a photosensitive device such as a 
photomultiplier tube to receive the ?ltered light waves. The 
photomultiplier produces an electrical signal systematically 
related to the quantity of light impinging on its photosensitive 
cathode, thereby providing an indication of the vapor density 
of particular materials. 

It is readily apparent that the higher the vapor density the 
greater the number of inelastic interactions or collisions and 
thus the greater the amount of emitted light for a given quanti 
ty of primary electronsvor initial electron beam current. This 
principle may be readily applied to monitor continuously the 
density of the vapor in a high‘vacuum electron beam furnace 
as well as for other uses. Alternatively, a portion of the electri 
cal signal produced by the photomultiplier may be fed back to 
the power supply which controls the power output of the elec 
tron gun, thereby regulating the intensity of the electron beam 
so that a predetermined quantity of vapor is continuously 
present. Also a selective ?ltering device may be operated 
periodically to transmit selectively, light having different 
predetermined wave lengths of interest to the photosensitive 
device, thereby obtaining a measure of the relative quantities 
of a plurality of particular elements present in the evaporant 
material. In addition, it is possible to scan various regions of 
the vapor cloud to obtain a convenient detennination of the 
vapor distribution. 

Accordingly, it is an object of the present invention to pro 
vide an accurate means for continuously monitoring the densi 
ty of vapor in a high-vacuum electron beam apparatus. It is 
another object of the present invention to provide a means for 
accurately determining the relative quantities of material 
present in a particular vapor. It is another object of the present 
invention to provide a means for determining the relative dis 
tribution density of vaporous material in a high-vacuum elec 
tron beam apparatus. It is another object of the present inven 
tion to provide a means for continuously monitoring the vapor 
density in a high-vacuum electron beam apparatus and em 
ploying the thus obtained information for maintaining the 
vapor density substantially constant. It is still a further object 
of the present invention to provide a means for measuring the 
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vapor density adjacent a source of evaporant in a high-vacuum 
electron beam furnace by emission spectroscopy. Other ob 
jects and advantages of the present invention will become ap 
parent from the following description and accompanying 
drawing, wherein: 
The single FIGURE is a schematic view of a preferred em 

bodiment of the present invention. 
Referring to the drawing, an apparatus in accordance with 

the present invention generally includes a light-receiving 
means or light pipe 10 disposed a predetermined distance 
from a crucible 12 containing evaporant 14, and in optical 
communication with the emitted vapors 15. A' relatively nar 
row band pass light ?lter means 18, adapted for transmitting 
particular spectral band widths of interest while ?ltering out 
or blocking background light along with other undesired light 
waves, is disposed between the light pipe 10 and a second light 
pipe 22 which passes the light spectrum transmitted by the 
?lter 18 to a photosensitive device 26. 
The present invention is particularly adaptable for use in 

conjunction with a high-vacuum electron beam apparatus, 
where the metallic vapor environment makes conventional 
methods of monitoring vapor density unsuitable. In such ap 
paratus a quantity of a suitable evaporant material 14 such as 
aluminum, copper etc. is usually disposed in the crucible 12 
positioned within a conventional high-vacuum electron beam 
furnace 34. It is generally preferable to provide cooling means 
for the crucible structure so as to prevent reaction between 
the crucible l2 and the evaporant material 14. A liner 36 of 
refractory material may be interposed between the hot 
evaporant l4 and the cooler crucible 12 so that the crucible 
may be kept cool enough to remain solid while the evaporant 
is melted and vaporized. In this connection a plurality of water 
coolant tubes 38 are usually provided adjacent the crucible 
structure. 
An electron gun 42, including an electron-emitting ?lament 

cathode 44 and an accelerating anode 46, is disposed within 
the electron beam furnace 34 and is connected to a conven 
tional electron gun power supply 50. The electron gun 42 is 
adapted for producing a beam of electrons of a desired intensi 
ty varying in accordance with the current supplied to its 
cathode 44 by the power supply 50, for melting and vaporizing 
a particular target material. Preferably the electron gun 42 is 
disposed at a predetermined distance from the evaporant 
material 14 in the crucible 12 and out of the path of the vapors 
15. This precludes contamination of the electron-emitting 
cathode 44 by the vaporous material produced as previously 
mentioned. 
The beam of electrons generated by the electron gun 42 is 

directed transversely into a magnetic ?eld, established ad 
jacent the electron gun 42 by an appropriate magnet means 
51. The magnet means 51 generates a magnetic field having 
lines of force generally normal to the plane of the drawing, 
which ?eld de?ects the electron beam as shown. The magnetic 
?eld thus de?ects the beam of electrons onto the evaporant 14 
contained within the crucible 12. By appropriately regulating 
the intensity of the electron beam, the evaporant 14 is 
vaporized and relatively dense clouds of vapor are thus 
created adjacent the surface of the crucible 12. By ap 
propriate shaping of the surfaces within the crucible, the 
vapor is directed outwardly from the crucible 12 against a sub 
strate 52, where the vapors condense to coat the substrate 52 
with the evaporated evaporant material 14. 
As previously explained, the inelastic interactions of elec 

trons within the vapor cloud results in the emission or radia 
tion throughout the vapor cloud, varying in intensity with the 
density of the vapor and varying in wavelength in accordance 
with the type of atoms comprising the vapor. For example, if 
relatively pure aluminum is employed as the evaporant materi 
al, light waves having a peak intensity at a wavelength of ap 
proximately 3,960 angstroms are emitted. This wavelength is a 
particular characteristic of the element aluminum. Each ele 
ment has associated with it a known characteristic spectrum, 
which may be determined by reference to scienti?c tables 
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4 
such as those found in Pearse, R.W.B., and A.G. Gaydon “The 
Identi?cation of Molecular Spectra,” Chapman & Hall, Ltd., 
London, Third Edition, 1963. 
The light pipe 10 is disposed such that it extends into the 

furnace 34. Preferably the light pipe 10 has an open end 53 
which is disposed at a predetermined distance from the 
evaporant 14 and its associated cloud of vapor 15 or plasma. 
The light pipe 10 essentially comprises a relatively short 
straight piece of hollow tubing preferably fabricated of a rela 
tively noncorrodible material. At its end opposite to the open 
end 53, the light pipe 10 is preferably optically coupled to the 
light ?lter 18 through a transparent window 54. 

In this connection, it is generally desirable to provide a 
means for preventing undue clouding of the window 54 by the 
vapor molecules. This is conveniently accomplished by the 
provision of an apparatus generally similar to that disclosed in 
Hunt U.S. Pat. No. 3,170,383 which issued on Feb. 23, 1965. 
Accordingly, a very small quantity of a nonreactive gas such as 
nitrogen is introduced into the light pipe 10 adjacent the win 
dow 54 through an inlet tube 56. Since the furnace 34 is main 
tained at at extremely high vacuum, a pressure gradient is 
established within the pipe 10 such that the gas introduced 
?ows toward the open end 53 of the pipe 10. In so doing, 
vapor molecules collide with the molecules of nitrogen gas, 
and are de?ected out of the pipe 10 or onto the walls of the 
pipe where they condense, without reaching the surface of the 
window 54. 

Preferably the light ?lter 18 is selected such that it transmits 
predetermined spectral band widths of interest and blocks or 
?lters out extraneous light such as that present in the 
background. For example, if the evaporant is aluminum and it 
is desired to monitor the vapor density present, the ?lter 18 is 
selected to transmit light having a wavelength of approximate 
ly 3,960 angstroms. 
The second light pipe 22 is coupled to the output end of the 

?lter 18, and is in optical communication with the ?rst light 
pipe 10, for receiving the collimated light transmitted through 
the ?rst light pipe 10. This is often accomplished by merely 
aligning the second light pipe 22 with the ?rst light pipe 10. 
But, in certain instances the ?lter 18 may diffract or bend the 
light which it transmits. In such cases the second light pipe 22 
is merely appropriated positioned such that it receives the dif 
fracted light. 
The light pipe 22 is optically coupled to the photosensitive 

device 26, which preferably comprises a conventional 
photomultiplier tube. The photosensitive device is selected to 
have an appropriate spectral response; it is preferably selected 
to have its peak sensitivity in the portion of the spectrum that 
is of interest. A power supply 60 is coupled to the photomul 
tiplier tube 26 is adapted for rendering it operable. The 
photomultiplier tube 26 is adapted for generating an electrical 
signal systematically related to the intensity of the light 
impinging on its photocathode. Preferably a photomultiplier is 
selected which exhibits a substantially linear response over a 
relatively wide range of impinging intensities of light. 
The output signal generated by the photomultiplier tube 26 

may be monitored by a suitable meter or a recording device, 
thereby yielding an indication of the vapor density present in 
the region of the vapor cloud 15 adjacent the ?rst light pipe 
10. 

[n a preferred embodiment of the present invention, the 
output signal produced by the photomultiplier tube 26 on an 
output resistor 64 is supplied to a suitable ampli?er 68, which 
may be a conventional ampli?er circuit capable o amplifying 
an electrical signal of several tenths of a volt and include a 
conventional cathode follower circuit. 
The ampli?er output signal produced by the ampli?er 68 is 

systematically related to the vapor density in the furnace 34. 
Thus, a suitable meter 70, such as an oscilloscope or a record 
ing device is preferably connected to the output of the ampli? 
er 68 to yield an indication of the output signal and con 
sequently a quantitative measurement of the vapor density in 
the furnace 34. 



3,609,378 
5 

In certain applications it is advantageous to feed back a 
predetermined portion of the ampli?ed output signal to con 
trol the output of power supply 50. This feedback signal may 
be utilized to adjust the output of the power supply, which in 
turn controls the current supplied to the electron emitting ?la 
ment cathode, thereby adjusting the intensity of the electron 
beam generated, and correspondingly regulating the vapor 
density in the furnace 34. The feedback signal may be 
developed by comparing the signal from cathode follower 68 
with a reference signal from a reference voltage source 72 
which may, as shown, comprise a potentiometer 74 connected 
to a ?xed voltage as supplied by a ?xed voltage source 76. The 
comparison is effected by applying both signals to respective 
inputs of a difference ampli?er 78 which produces a signal 
proportional to the difference between the two signals. The 
difference signal is thus indicative of how far the detection 
signal differs from the reference signal which may be set by 
adjustment of the potentiometer 74. The difference signal may 
be applied over a conductor 80 to a gun ?lament controller 82 
which operates in a conventional manner to control how much 
current is supplied from the power supply 50 to the ?lament 
cathode 44 of the electron gun 42, thus controlling the intensi¢ 
ty of the electron beam current. The controller 82 varies the 
?lament current in such manner as to reduce the difference 
signal toward null. For example, if a positive difference signal 
is produced when the detection signal is larger than the 
reference, the ?lament current is reduced, thereby reducing 
the intensity of the electron beam and hence the vapor densi 
ty. This results in a reduction in the detection signal. If there is 
sufficient gain in the system, the vapor density will be reduced 
until the detection signal at the output of the cathode follower 
68 is just equal to the selected reference signal as produced by 
the potentiometer 74. 
As an alternative the voltage output of the power supply 50 

can be controlled to control the accelerating voltage of the 
electron gun, thereby controlling its power output and the 
heating energy transferred. Either system provides a highly 
sensitive control of the density of vapor at predetermined lo 
cations within the furnace 34 and yields a relatively con 
venient means for maintaining the evaporation rate at a 
desired value. Of course, any change in the intensity of the pri 
mary electron beam not only changes the vapor density but 
also the degree of ionization thereof, thus directly affecting 
the measured light intensity. Nevertheless, if the light intensity 

' is maintained constant at the desired level by controlling the 
primary beam, the vapor density is maintained constant. The 
relationship between light intensity and vapor density may be 
determined empirically should it be desirable to calibrate the 
control. 

If desired, the present invention may be readily adapted for 
continuously monitoring the relative quantities of the various 
materials comprising the vapor. For example, such a means 
for precisely monitoring the composition of the vapor cloud 
15 is quite useful in indicating what substances are to be added 
to the evaporant 14 so as to maintain a desired predetermined 
composition of material in the vapor. This relative quantity 
monitoring function may be conveniently provided by adapt~ 
ing the ?lter 18 for sequential ?ltering operation. A pro 
grammer 84 may operate to change the ?lter band automati 
cally. The programmer 84 may be in the nature of a clock 
periodically producing operating voltage for a motor 85 which 
is energized periodically. The motor 85 is coupled by a shaft 
86 to a disc 87 upon which is mounted a plurality of filter ele 
ments, each passing respective selective frequencies. The pro 
gram 84 therefore operates the motor 85 periodically rotating 
the disc 87 to place respective ?lter elements into operating 
position. 
As previously discussed, each of the elements of interest 

which is being monitored emits a characteristic light wave 
having an intensity indicative of the quantity of the particular 
substance in the vapor cloud. Thus, the sequential ?lter is 
preferably operated to pass predetermined band widths 
periodically, each containing particular respective wave 
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lengths of interest. By appropriately programming the sequen 
tial ?lter, the relative quantities of a substantial number of dif 
ferent substances present in the vapor cloud may be readily 
obtained. In such cases it may be desirable to use as meter 70 a 
multichannel recorder synchronized by the programmer 84. 
This in turn provides a highly useful means for obtaining a 
precise indication of changes in the composition of the 
evaporant as indicated by the relative percentages of 
vaporized material present in the vapor cloud 15. Thus, if 
desired, needed additions may be made to the evaporant to 
maintain the composition in a predetermined state. 

In certain instances, the present invention may be readily 
adapted for accurately indicating the distribution of the vapor 
at predetermined locations. In this connection the light pipe 
10 may be mounted in a ball and socket joint 90, permitting 
the open end 53 of the light pipe 10 to be conveniently 
directed at various locations within the enclosure 34. Other 
parts of the monitor apparatus must, of course, be mounted to 
pivot with the light'pipe 10. 
As previously described, the evaporant 14 contained in the 

crucible l2 and is bombarded by the high-energy electron 
beam, resulting in the vaporization of the material. The 
vaporized material rises from the surface of the crucible 12 
forming a cloud of vapor 15. In ascertaining the density dis 
tribution of such a vaporous cloud it is generally preferable to 
scan the cloud by taking a series of intensity readings along 
various planes through the cloud. By virtue of such readings 
an accurate indication of the distribution of the vapor density 
throughout the cloud of vapor is provided. 

Thus, a highly useful and convenient method and apparatus 
has been provided for yielding an indication of the vapor den 
sity present in a high-vacuum electron beam apparatus. in ad 
dition, several illustrative examples have been set forth in 
dicating some of the numerous uses for such an apparatus. 
These examples are merely intended as illustrations and are 
not intended to limit the scope of the invention. 

For example, it has been found in operation that in certain 
applications, particularly when evaporating highly re?ecting 
metals, background light from re?ecting surfaces in the fur 
nace 34 causes problems in obtaining reproducible and con 
sistent measurements. To overcome this the photosensitive 
device 26 may be aligned with a closed end tube 92 located on 
the other side of the vapor cloud. The tube 92 is coated with a 
nonre?ecting coating on its interior which effectively acts as a 

. nonre?ecting black hole and which thus serves to stabilize the 
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Various other changes and modi?cations may be made in 
the above-described apparatus without deviating from the 
spirit or scope of the present invention. Various features of the 
present invention are set forth in the following claims. 

lclaim: 
1. Apparatus for depositing vapor on a substrate including a 

high vacuum electron beam furnace for generating vapor by 
subjecting an evaporant material to intense heating by the in 
jection of a beam of high-velocity electrons into said 
evaporant material, said vapor thereupon emanating from the 
surface of said evaporant material and passing into the beam 
of electrons where a portion of the particles of vapor is ionized 
by the action of electrons in said beam, in combination with 
measuring apparatus comprising photosensitive means in opti 
cal communication with said vapor thus ionized and respon 
sive to the intensity of light from said vapor by producing an 
electrical signal systematically related to the intensity thereof, 
and means coupled to an output of said photosensitive means 
for recording said electrical signal, thereby providing a mea 
sure of the density of said vapor thus ionized. 

2. The apparatus of claim 1, wherein said measuring ap 
paratus includes a light-collimating means comprising a hol 
low tube having an open end in optical communication with 
said vapor particles. 

3. Apparatus for depositing vapor on a substrate including a 
high-vacuum electron beam furnace for generating vapor by 
subjecting an evaporant material to intense heating by the in 
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jection of a beam of high-velocity electrons onto the surface of 
said evaporant material, said vapor thereupon emanating from 
said surface and passing into the beam of electrons where a 
portion of the particles of vapor is ionized by the action of 
electrons is said beam with the consequent emission of light of 
frequency characteristic of the elemental constitution of the 
vapor, in combination with measuring apparatus comprising 
light receiving means in optical communication with said 
vapor, light ?lter means coupled to said light receiving means , 
for passing light of predetermined frequency, light sensitive ‘ 
means coupled to said light ?lter means, said light sensitive 
means being responsive to the intensity of the light reaching it 
by producing an electrical signal systematically related 
thereto, and means coupled to an output of said light sensitive 
means for recording said electrical signal, thereby providing a 
measure of the density of vapor emitting light of the frequency 
passed by said light ?lter means. 

4. Apparatus for the controlled deposition of vapor on a 
substrate including a high-vacuum electron beam furnace for 
generating vapor by subjecting an evaporant material to elec 
tron bombardment heating by the injection of a beam of high 
velocity electrons emitted by an electron gun onto the surface 
of said evaporant material, said vapor thereupon emanating 
from said surface and passing into the beam of electrons 
where a portion of the particles of vapor is ionized by the ac 
tion of electrons in said beam with the consequent emission of 
light of frequency characteristic of the elemental constitution 
of the vapor and intensity dependent upon the density of the 
vapor, in combination with apparatus for controlling the 
abundance of vapor thus generated comprising light receiving 
means in optical communication with said vapor, photosensi 
tive means optically coupled to said light receiving means, said 
photosensitive means being responsive to the intensity of the 
light reaching it by producing an electrical signal systemati 
cally related thereto, and means coupled to the output of said 
photosensitive means for controlling the intensity of the beam 
of electrons from said electron gun in accordance with said 
electrical signal. 

5. Apparatus for the controlled deposition of vapor on a 
substrate including a high-vacuum electron beam furnace for 
generating vapor by subjecting an evaporant material to elec 
tron bombardment heating by the injection of a beam of high 
velocity electrons emitted by an electron gun onto the surface 
of said evaporant material, said vapor thereupon emanating 
from said surface and passing into the beam of electrons 
where a portion of the particles of vapor is ionized by the ac 
tion of electrons in said beam with the consequent emission of 
light of frequency characteristic of the elemental constitution 
of the vapor and intensity dependent upon the density of the 
vapor, in combination with apparatus comprising a hollow 
tube having an open end in optical communication with said 
vaporous material and having a transparent window at its op 
posite end, an optical ?lter optically coupled to said hollow 
tube through said window for passing light waves of predeter 
mined frequency, a photomultiplier tube optically coupled to 
said hollow tube through said ?lter, said photomultiplier tube 
being responsive to the intensity of the light reaching it by 
producing an electrical signal systematically related thereto, 
and means coupled to the output of said photomultiplier tube 
for maintaining the vapor at a predetermined density. 

6. For depositing vapor on a substrate, a method for produc— 
ing vapor and spectroscopically monitoring the density 
thereof comprising subjecting an evaporant material to elec 
tron bombardment heating in a high-vacuum electron beam 
furnace to produce vapor particles of such material, ionizing 
at least a portion of said particles to produce light of intensity 
dependent upon the density of said vapor and of frequency de 
pendent upon its elemental constitution, and separately de- 70‘ 
tecting the intensity of light of frequency characteristic of a 
particular element by producing electrical signals systemati 
cally related thereto. 

7. For depositing vapor on a substrate, a method for produc 
ing vapor and spectroscopically indicating the relative 
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8 
ing subjecting an evaporant material to electron bombard 
ment heating in a high-vacuum electron beam furnace to 
produce vapor particles of such material, ionizing at least a 
portion of the particles of the vapor to produce light of intensi 
ty dependent upon the density of said vapor and of frequency 
dependent upon its elemental constitution, collimating a por 
tion of said light, sequentially ?ltering said collimated light to 
transmit particular respective frequencies cyclically, and 
separately detecting the intensity of said collimated light at 
said respective cyclically transmitted frequencies as an indica 
tion of the relative abundance of particular elements in said 
vapor by producing electrical signals systematically related 
thereto. 

8. For depositing vapor on a substrate, a method for produc 
ing vapor and monitoring the abundance thereof comprising 
subjecting an evaporant material to electron bombardment 
heating in a high-vacuum electron beam furnace to produce 
vapor particles of such material, directing primary electrons 
into the vapor and magnetically de?ecting said primary elec 
trons and the secondary electrons produced in the vapor by 
said primary electrons to ionize at least a portion of the parti 
cles of said vapor to produce light of intensity dependent upon 
the density of said vapor, and detecting the intensity of such 
light as an indication of the abundance of vapor by producing 
electrical signals systematically related thereto. 

9. For depositing vapor on a substrate, a method for produc 
ing vapor and monitoring the abundance thereof comprising 
subjecting an evaporant material to electron bombardment 
heating in a high-vacuum electron beam furnace to produce 
vapor particles of such material, ionizing at least a portion of 
the particles of said vapor to produce light of intensity depen 
dent upon the density of said vapor and of frequency depen 
dent upon its elemental constitution, and detecting the intensi 
ty of light of frequency characteristic of a particular element 
at predetermined locations as an indication of the abundance 
of particular elements in said vapor at said locations by 
producing electrical signals systematically related thereto. 

10. For the controlled deposition of vapor on a substrate, a 
method for producing vapor and controlling the abundance 
thereof comprising subjecting an evaporant material to elec 
tron bombardment heating in a high‘vacuum electron beam 
furnace by injecting a beam of high-velocity electrons by an 
electron gun onto the surface of said evaporant material 
thereby causing vapor particles of such material to emanate 
from said surface and pass into the beam of electrons, ionizing 
a portion of the particles of vapor by the action of electrons in 
said beam such that light is emitted having an intensity depen 
dent upon the density of the vapor, transmitting a predeter 
mined portion of said emitted light, detecting said transmitted 

' light by producing an electrical signal systematically related to 
the intensity of said transmitted light, and applying said elec 
trical signal to control the intensity of the electron beam from 
said electron gun, thereby controlling the abundance of vapor 
generated. 

11. For the controlled deposition of vapor on a substrate, a 
method for producing vapor and controlling the abundance 

i thereof comprising subjecting an evaporant material to elec 
tron bombardment heating in a high-vacuum electron beam 
furnace by injecting a beam of high-velocity electrons by an 
electron gun onto the surface of said evaporant material 
thereby causing vapor particles of such material to emanate 
from said surface, ionizing a portion of the particles of vapor 
by the action of electrons in said beam such that light is 
emitted having a frequency characteristic of the elemental 
constitution of the vapor and having an intensity dependent 
upon the density of the vapor, passing a portion of said 
emitted light through a light pipe disposed in optical commu 
nication with said vapor, ?ltering said passed light such that 
light of predetermined frequency is transmitted, detecting said 
transmitted light by producing an electrical signal systemati 
cally related to the intensity of the transmitted light, and utiliz 
ing said electrical signal to control the intensity of the electron 
beam from-‘said electron gun, thereby maintaining the 
abundance of vapor at a predetermined level. 
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