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METHOD‘ OF‘ PHYSICAL ‘VAPOR DEPOSITION 
This application is a continuation-in-part of applica 

tion Ser. No. 282,388 filed Aug. 2i, 1972, now aban 
doned. ‘ ‘ ‘ . 

This invention relates to physical vapor deposition 
and, more particularly, to an ‘improved method for 
physical vapor deposition under conditions of elevated 
substrate temperatures. 

Physical vapor deposition of materials on substrates 
is of considerable advantage in many production opera 
tions. Physical vapor deposition is generally‘ carried out 
in a relatively high vacuum environment in which the 
material to be deposited is evaporated by raising it to a 
sufficiently high temperature. The required heat‘ may 
be produced by suitable heating, such as by electron 
beams. ‘ , 

For some types of materials, it is desirableto elevate 
the substrate temperature and maintain it ,at theele 
vated temperature during the physical vapor deposition 
process. In some cases, this is done to enhance ductility 
in the resulting deposit. In ‘other cases, it is done to en 
hance the adhesion between the deposit and the sub 
strate, or to achieve a desired crystalline con?guration 
in the deposit. Typically, the substrate‘ is heated to a 
temperature which is at. least 25% of its absolute melt 
ing temperature, and often, the heating ‘is to substan 
tially higher temperatures. - - 

During the coating operation, a certain amount of 
heat input will occur into the substrate as a result of the 
latent heat of vaporization in the condensing vapor. At 
temperatures up to about 500°F, the heat input from 
the coating itself, as a result of the latent heat of vapori 
zation, is usually sufficient, to maintain a desired tem 
perature. Above about 500°F, however, it is typically 
necessary to provide an additional‘ source of heat for 
the substrate during the coating process. 
One means of heating substrates being coated is 

shown and described in US. Pat. No. 3,560,252, as’ 
signed to the assignee of the present invention. The 
technique described in the aforesaid patent has proved 
to be of substantial and signi?cant commercial impor 
tance. Certain types of substrates, however, do not 
readily lend themselves to heating by radiant heaters. 
For example, strip lines in which a continuous strip of 
substrate is fed into and out of a vacuum chamber may 
render radiant heating somewhat inconvenient. 
Accordingly, it is an object of the present invention 

to provide an alternative means of substrate heating to 
the use of radiant heaters. 
Another object of the invention is to provide an im 

proved method of physical vapor deposition. 
It is another object of the invention to provide an im 

proved method of physical vapor deposition which‘ is 
particularly suited to continuous strip substrates.‘ ‘ 
Other objects of the invention will become apparent 
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to those skilled in the art from the following descrip 
tion. ' 

Very generally,‘ the method of the invention is di 
rected to depositing an evaporant material on‘ a sub 
strate. A source of evaporant material and a substrate 
are placed in a vacuum chamber‘. The vacuum chamber 
is maintained at an ambient pressure of less than 10-‘1 
Torr. A vapor of the evaporant material is produced in 
the vacuum chamber for’ deposition on the substrate. A 
beam of electrons isidirectecl at’the vapor to produce 
positive ions. An electrical potential is maintained on 
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65‘: ing that is required to achieve a given temperature. 
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the substrate which is suf?cient to cause substantial 
heating of the substrate by ion bombardment. 
Referring now to the invention in greater detail, the 

method of the invention is practiced, preferably, in an 
electron beam furnace or similar apparatus. Apparatus 
of this general type is illustrated schematically in the 
previously mentioned US. patent. Also, apparatus of 
this general type is well known to those skilled in the 
art, and therefore will not be described in detail herein. 
Typically, the electron beam furnace used for physi 

cal vapor deposition comprises an evacuated enclo 
sure, means for maintaining a pressure in the enclosure 
(other than in the vapor cloud), hereinafter referred to 
as the ambient pressure, of less than 10" Torr. A vapor 
of‘ the evaporant material is produced from a molten 
pool or by sublimation from a solid, by suitable heating. 
Preferably, this is accomplished by means of an elec 
tron beam directed at a solid orliquid source of the 
evaporant. ~After the vapor cloud is produced, the 
cloud is allowed to intercept the substrate such that 
evaporant condenses on the surface of the substrate, 
providing the coating. 

In order to produce the vapor, the target evaporant 
material is heated by any suitable ‘means. Preferably, 
such heating is accomplished by an electron beam di 
rected on to the surface of the evaporant material by 
suitable magnetic ?elds. ‘ ‘ 

Typically, a substantial portion of the vapor cloud 
thus, produced is intercepted ‘by the electron beam. The 
impingement of electrons upon the vapor particles pro 
duces ionization and, consequently, a large number of 
positive ions are present in the chamber. 
As will be explained, the positive ions thus produced 

are utilized, in accordance with the invention, to pro 
duce heating of the substrate. To this end, the substrate 
isémaintained at an electrical potential suf?cient to 
cause substantial heating of the substrate by ion bom 
bardment. This is accomplished by adjusting the oper 
ating pressure in the system, such as by bleeding in a 
suitable inert gas such as Argon, and by adjusting the 
bias potential on the substrate, such that the heat input 
balances the heat output at the desired substrate tem 
perature, thus establishing a condition of equilibrium. 
The heat output, of course, is principally through the 
mode of radiation, especially in the case of discrete 
substrates. Some conduction, however, will occur. For 
example, in the case of discrete substrates, conduction 
will occur through the mechanical means by which the 
discrete substrate is supported. Even greater heat loss 
through conduction will occur in the case of a moving 
strip, since heat is conducted along the strip both in the 
upstream and downstream directions. Thus, it is typi 
cally more expedient to establish the equilibrium con 
ditions empirically through experimental set-ups, 
rather than attempting to calculate them in advance. 
The potential may be either a high negative potential 

with respect to the source, or may be a high alternating 
current potential. In either case, the potential is prefer 
ably great enough to accelerate a suffficient number of 
positive ions to the substrate so as to provide a power 
density on the substrate of about 6 or 61/2 watts per 
square inch of exposed surface. The vapor source will, 
of course, supply some radiant heat and therefore the 
larger and’hotter the vapor source is, the less ion heat 

The amount of potential required for accelerating 
suf?cient ‘ions depends upon the amount of ions avail 
ableuTh‘is'v, of course, depends upon the pressure in the 
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system including the amount of vapor present (i.e. the 
evaporation rate). Thus, in cases where material such 
as zinc is being evaporated, typically providing very 

4 
input was below the desirable minimum level and 
therefore provided a substrate temperature of only 
340°F. 

Pressure Bias Volt. Current Pwr. lnput Subst. Temp. 
Ex.No. (micron) (KV) (amps) (watts/sq. in) "F 

l l 50 L0 0.02 5 340 
I2 50 LS 0.04 l5 600 
13 50 2.0 0.06 30 700 
14 50 2.5 0.08 50 , 850 
I5 50 3.0 0.10 75 920 
I6 50 3.5 0. 12 105 1600 

For precise control of substrate heating, it may be de high evaporation rates, only 1 KV or less bias voltage 15 
will be required for the requisite heating. On the other sirable to provide a closed loop arrangement. Thus, 
hand, where a relatively low evaporation rate exists, suitable sensors may be employed to sense the temper 
bias voltages of 10 KV or greater may be required. ature of the substrate and provide an electrical signal 
Some lessening of the required voltage may be ob- related thereto. This electrical signal may then be uti 
tained by raising the system pressure through use of an 20 lized to regulate or control the bias voltage on the sub 
inert gas bleed. strate, thereby maintaining a relatively constant sub 
The following Table illustrates the effect of changes strate temperature. The circuitry required for such an 

in pressure on current and hence power input to the electrical arrangement will be readily apparent to those 
substrate in a deposition set-up. Examples 1-5 relate to skilled in the art. 
the heating of a stainless steel disc 1 1 inches in diame- 25 It may therefore be seen that the invention provides 
ter providing a surface area of about 190 sq. inches. an improved method of physical vapor deposition in 
The second group of examples, 6-10, relates to the which substrate heating is accomplished by the acceler 
coating of a2 inch square stainless steel substrate 0.080 ation of ions present in the vapor cloud to impinge 
inches thick, thus providing a surface area of 4 square upon the substrate. The invention is particularly suit 
inches. In each case, the pressure of the system in mi- 30 able for situations in which substrate heating by other 
crons is given, the bias voltage on the substrate (held means, such as by radiant heaters, is undesirable or im 
steady) in kilovolts is given, the measurable electrical practical. ' ' ' 

current ?owing into the substrate as a result of ion Various modi?cations of the invention in addition to 
bombardment is given, the approximate temperature of those shown and described herein will become appar 
the substrate at equilibrium is given, and the input 35 ent to those skilled in the art from the foregoing de 
power density to the substrate in watts per square inch scription. Such modi?cations are intended to fall within 
is also given. the scope of the appended claims. 

Prcssurc Bias Volt. Current Pwr. lnput Subst. Temp. 
Ex. N0. (micron) (KV) (amps) (watts/sq.in.) °F 

1 50 3.5 0.8 20 650 
2 40 3.5 0.76 14 5x0 
3 30 3.5 0.52 9.6 550 
4 20 3.5 0.36 6.6 500 
5 10 3.5 0.03 5.5 300 
6 50 3.5 0.04 35 1600 
7 40 3.5 0.04 35 950 
x 30 3.5 0.06 52.5 850 
9 20 3.5 0.08 70 70.0 
l0 l() 3.5 0.12 105 50.0 

As may be seen from the Table, example 5 resulted in 
an equilibrium temperature below that which is com 
mercially signi?cant, since such a low equilibrium tem- What is claimed is: , 
perature could be achieved by suitable adjustments in l. A method of physical vapor deposition for deposit 
the evaporation rate and without a substrate bias. It 55 ing material on a substrate, comprising, placing a 
may also be seen that a power input density of at least source of evaporant material and a substrate in a vac 
about 6 or 6%: watts per square inch is typically neces- uum chamber, maintaining an ambient pressure in the 
sary to achieve the desired minimum level substrate vacuum chamber of less than 10“4 Torr, heating the 
temperature of about 500°F. evaporant material by means of an electron beam to 

In the following Table, the result of variations in bias 6O produce a vapor for deposition on the substrate and in 
voltage on both the power input density, and the sub- tercepting the vapor with the beam of electronsito pro 
strate temperature may be seen. The examples were duce positive ions, and applying an electrical potential 
obtained in a set-up identical to that of the previous to the substrate suf?cient to cause ion bombardment of , 
Table holding a constant system pressure of 50 microns the substrate at a power density of at least about 6 watts 

65 and varying the bias voltage in increments of 500 volts. 
As may be seen, corresponding increases occurred in 
current amperage, power input and substrate tempera 
ture. It may also be seen that in example I l, the power 

per square inch of exposed substrate surface and main 
tain the substrate at an equilibrium temperature which 
is at least 25% of the absolute melting temperature of 
the evaporant. ' 
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2. A method according to claim 1 wherein the electri- 4_ A method according to claim 1 including the addi 
cal potential maintained on the substrate is negative d-c tiona] Steps of sensing the temperature of the Substrate 
with respect to the source. . . . . . 

3. A method according to claim 1 wherein the electri- and regulatmg the elecmca] potemml mamtamed 
cal potential maintained on the substrate is a-c with re-' 5 thereon in accordance with the sensed temperature 
spect to the source. * * * * * 
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