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VACUUM EvAroRAToR WITH ELECTROMAGNETIC 
[0N s'rsssmc 

ORIGIN Oil-‘INVENTION 
The invention described herein' was "made in the per 

formance of work under a ,NASA- contract and is subject to the 
provisions of Section 305 of the‘NationaI Aeronautics and 
Space Act of I958, Public Law-855568 (72 Stat. ,435; 42 ‘USC 
2457)- .. .i I ‘ ., ‘ . 

BACKGROUND OF THE INVENTION 
1. Field of the ‘Invention ' - I " - 

This invention‘ ‘generally relates to? an apparatus‘ for 
evaporating substancesin high vacuum and, more‘ particu 
larly, to improvements‘therein.v ’ t . - i‘ ’ 

2. Description of the Prior Art . - 
Many devices have been designed and developed to 

evaporate materials, for example, metals, in high vacuum to 
produce ?lms. Typically, a container, often referred to as a 
crucible‘, supports the material to be evaporated in a vacuum 
tight housing. The material is evaporated by electron bom 
bardment. The evaporated material, consis‘ti'ng'of ions carry 
ing neutral atoms, is ‘used to coat a substrate, or simply con 
dense over a selected surface to form. a ?lm. Generally, the 
area of the desired ?lm surface ‘ is relatively small. Con‘ 
sequently, a single crucible may be employed to contain the 
material which, after evaporation, produces the ?lm. , , 
However, dif?cult problems arise whenever the surface to 

be coated is quite ‘large; In the prior art. attempts have been 
made to produce a large‘d‘eposited ?lm by utilizing a plurality 
of crucibles (sources). Such an arrangement is satisfactory 
only'if the uniformity‘ of the ?lm is not particularly critical. 
However, if film‘coating has to be of highly uniform thickness 
or has to meet specific thickness requirements, a multicrucible 
arrangement has been found to be‘ of very limited use. The 
need for ?lm coatings of relatively large surface area and of a 
high degree of uniformity. exists in both. commercial and mili 
tary applications. For example, the need is present whenever it 
is necessary toproduce large diameter mirrors for solar simu 
lators, solar energy converters, large antenna dishes, and the 
like. 

OBJECTS AND SUMMARY OF rus'mvsm'ron 
It is a primary object of the present invention'to provideva 

newimproved apparatus for evaporating substances, such as 
metals and nonmetals,‘ to produce a relatively large deposited 
film. ' ‘ ‘ 

Another object of ‘the present invention is to provide im 
provements in an evaporation apparatus in order to control 
deposition of evaporant onto a relatively large surface area. 
A further object of the present invention is to provide highly 

reliable means which are easily controllable to control, the 
deposition of vaporized ?lms onto a relatively large surface 
area. I ' 

These and other objects of the invention are achieved by 
providing improved means in a vacuumtight housing in which 
a material is evaporated, in order to control the steering of the 
evaporated material towards a relatively large surface area to 
be coated therewith. Brie?y, in one embodiment, the‘im 
proved steering means consists of a plurality, such as three, 
coils wound around an annular ring which is placed above a 
crucible, in which evaporant is heated by electron bombard 
ment. Ions, carrying withv them neutral atoms, which are 
released from the hot material surface pass through‘the field 
of the coils. The coils are energized by a polyphase current to 
produce a controlled rotating magnetic ‘field, whose rate of 
rotation and amplitude arecontrolled'by controlling the phase 
‘and amplitudes of the currents, supplied‘to thethree coils. It is 
the controlled ‘rotating‘magnetic ?eld which is used to steer 
the ions as they pass through the magnetic field so that they 
are controllably deposited to form the desired large surface 
film. ' 
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.2 
The novel features of the invention are set forth with par 

ticularity in the appended claimsrThe invention will best be 
understood from the following description when read in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIG. is a combination block and modified cross-sec 
tional diagram of a material deposition apparatus which incor 
porates‘the present invention. , . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to the FIG., reference numeral 7 designates a 

vacuumtighthousing in which a crucible 8 is securely posi 
tioned. The crucible is generally formed of a metal ceramic 
complex'having excellent thermal insulating properties, with 
which the material 9, contained therein and which is to be 
evaporated, does not react. Material 9 may be hereafter 
referredto as the evaporant. . 

1 In the FlG., three electron beam guns l2. l3 and 14 are ' 
‘shown spaced approximately 120° from each otheraround 
crucible 8. The electron beams, supplied‘with power from an 
electron gun power supply 15, are designed ‘to produce 
streams of electrons or electron beams which are aimed at the 
center of evaporant 9 in crucible 8. In order to ‘simplify the 
drawing, the connections between power supply 15 and the 
various guns are deleted. Various commercially available elec 
tron guns may be employed. In one embodiment actually 
‘reduced to practice, each of guns l2, l3 and 14, consisted of ‘a 
10 kilowatt gun of the 270° bent beam type, manufactured by 
Airco Temescal, a Division of Air Reduction Company at 
Berkeley, California. 
As is appreciated by those familiar with the art, the function‘ 

of the electron beams is to heat evaporant 9, and cause it to 
evaporate. The vapor, in the form of ions carrying neutral 
atoms, which in the FIG. are designated by dashed lines 17, 
leaves crucible S'andtravels toward a substrate 18, shown sup 
ported in housing 7 by a support member 19. The vapor, upon 
striking the surface of substrate 18, which is assumed to be of 
a relatively large area, condenses to form a ?lm thereon. 

In accordance with the teachings of the present invention, 
in order to control the uniformity of the film deposited on the 
surface of substrate 18, an annular ring 20 is placed above 
crucible 8. The ring is provided with three inwardly directed 
projections, which are spaced approximately l20°.apart, and 
serve as magnetic pole pieces 21, 22v and 23. Electrically con 
ductive coils 31, 32 and 33 are wound around the annular ring 
20, intermediate the inwardly directed projections. Coils 31, 
32 and 33 are connected to respective servo controlled regu 
lated power supplies 35, 36 and 37. The leads of the various 
coils extend through ‘the walls of housing 7 and are insulated 
therefrom by vacuumtight insulators, generally designated by 
reference numeral 39. Power supplies 35, 36 and 37 are 
shown connected to a servocontrol unit 40. t‘ 
The basic function of the annular ring 20, the three coils 

wound thereabout and the servocontrol power assembly, con 
sisting of power supplies 35, 3'6, 37 and servocontrol unit 40, 
is to control the direction of the'ions which pass through ring 
'20 so that when the ions strike the surface of substrate 18 a 
film of selected characteristics is deposited thereon. That is, 
the function of such means is to controllably steer the ions 
toward a controlled point on the surface of the substrate 18. 
The controlled steering is accomplished by controlling, by 
means of servocontrol unit 40, the amplitudes and the relative 
‘phases of the currents supplied to the three coils in order to 
‘produce a controlled rotating magnetic field about ring20. By 
controlling the rate of rotation of the field, as well as the rela 
tive intensities of the magnetic ?elds produced by the three 
coils, ions are controllably steered to any selected point on the 
relatively large surface of substrate 18, thereby controlling ‘the 
deposition thereon. 

In one embodiment, actually reduced to practice, the ser 
vocontrol unit 40 was used to control the relative phases of the 
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three power supplies to produce a magnetic field rotating at a 
rate of three cycles per second. Such a ?eld was used to steer 
ions emanating from a single crucible to form a deposit of alu 
minum on a 23 foot diameter surface for use as a solar simula 
I01‘. 

It should be appreciated by those familiar with the art that 
various servocontrol techniques may be employed in the 
design of servocontrol unit 40 in order to control the am 
plitudes in the relative phases of current supplied by a plurali 
ty, such as 3, power supplies. Therefore, the unit 40 is not 
described in further detail. 
There has accordingly been shown and described herein 

novel means for controllably steering vapor or ions towards a 
relatively large surface area in order to produce a ?lm of 
selected controlled characteristics. The means include a plu 
rality of windings which are energized to produce a rotating 
magnetic field. As the ions pass through the rotating magnetic 
?eld, their direction is affected thereby so that they strike the 
surface on which the film is to be formed at a controlled point. 

It is appreciated that those familiar with the art may make 
modi?cations and/or substitute equivalents in the arrange 
ments as shown. For example the coils 31, 32 and 33 need not 
be positioned in a single plane as shown in the FIG. Rather 
they may be positioned in any desired con?guration or relative 
positions with respect to one another. The only requirement is 
that the magnetic ?elds produced by the currents in the coils. 
when combined, result in a controllable magnetic ?eld with 
which the ions passing therethrough are steerable towards the 
desired surface. Therefore, all such modifications and/or 
equivalents are deemed to fall within the scope of the inven 
tion as de?ned in the appended claims. 

lclaim: 
1. Apparatus for producing a ?lm of a vaporizable sub 

stance comprising: 
a vacuumtight housing; 
an open-topped crucible for holding a substance to be 

evaporated; 
means for vaporizing said substance to convert at least a 

part thereof; and i 
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4 
electromagnetic means positioned in a plane above said 

crucible for providing a rotating magnetic ?eld to control 
the direction of said vaporized substance toward a 
selected surface in said housing. 

2. The apparatus as recited in claim 1 wherein said elec 
tromagnetic means for providing a rotating magnetic ?eld sur 
rounds an area through which ?ows said vaporized substance. 

3. The apparatus as recited in claim 2 wherein said means 
for vaporizing include a plurality of electron guns, and means 
providing power to said guns to direct streams of electrons to 
heat and vaporize said substance by electron bombardment. 

4. The apparatus as recited in claim 3 wherein said elec 
tromagnetic means include a plurality of coils disposed above 
said crucible, and servo controlled power supply means for 
controlling the amplitudes and relative phases of electrical 
current supplied to said coils to produce a magnetic field 
rotating at a preselected rate. 

5. The apparatus as recited in claim 4 wherein said elec 
tromagnetic means include‘ a ring disposed in said plane and 
said plurality of coils being wound and equidistantly spaced on 
said ring. 

6. In a vacuum deposition apparatus for vaporizing a 
vaporizable material. means for vaporizing said material to 
form ions. the improvement comprising; electromagnetic 
means surrounding a portion of the path of said ions to pro 
vide a rotating magnetic ?eld for controlling the directions 
thereof. 

7. The apparatus as recited in claim 6 wherein said elec 
tromagnetic means comprise a plurality of windings surround 
ing an area in the path of said ions and means for energizing 
said windings to produce an electromagnetic ?eld of selected 
characteristics which extends across said path to control the 
direction of ?ow of the ions pas-sin therethrough. 

8. The apparatus as recited in c arm 7 wherein the number 
of windings is at least three, equidistantly spaced from one 
another. 

9. The apparatus as recited in claim 8 wherein said means 
for energizing provide said three windings with a polyphase 
current to produce said rotating magnetic ?eld. 


