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ABSTRACT OF THE DISCLOSURE 
An evaporation source heating element for use in a 

vacuum deposition chamber including a conical tungsten 
wire coil adapted to hold the material to be deposited, and 
a tungsten wire current shunt path for reducing the cur 
rent flowing through the tapered end of the conical basket 
thereby preventing alloy formation. 

STATEMENT OF GOVERNMENT INTEREST 
The invention described herein may be manufactured 

and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 
The present invention relates generally to heating ele 

ments for use in vacuum deposition chambers and, more 
particularly, to a conical heating element having a cur 
rent shunt path for reducing localized hot spots on the 
surface of the heating element to deter the formation 
of alloys. 

For many years now, electrical components as well as 
totally integrated electrical circuits have been manufac 
tured in high vacuum deposition chambers. The vapor 
deposition process is well known in the art and need not 
be explained in detail herein; however, for purposes of 
completeness and clarity it can be described generally 
as follows. A substrate material having suitable mechani 
cal and electrical properties is placed inside a high 
vacuum chamber. Adjacent to the substrate surface, and 
also within the vacuum chamber, is a heating element 
used to bring the material to be deposited onto the sub 
strate up to its evaporating point. An external power 
source is coupled to the heating element to provide the 
required electrical energization. Many varied heating ele. 
ments have been developed to provide various types of 
deposition, some of which produce self-evaporation and 
therefore are self-destructive and others of which serve 
merely to support and heat various materials placed 
therein for evaporation. One device which falls into the 
last mentioned category is a conical tungsten basket. 
One of the major problems encountered in the vacuum 

evaporation of materials such as germanium at high 
evaporation rates from conical tungsten baskets has been 
the formation of an alloy at the apex of the basket. This 
alloy formation has been found to be directly attributable 
to the existence of a localized hot spot at the apex of 
the basket. Due to the high temperature existing at this 
point, the evaporation material gradually forms alloys 
with the tungsten wire which forms the conical basket 
resulting in a gradual reduction of the wire diameter 
with concomitant increase in temperature and further 
alloying. This process continues and ultimately results in 
an open heater circuit. 

Scientists and engineers utilizing conical heating ele 
ments have found that good thin films of various materials 
could be obtained at low evaporation rates from tungsten 
baskets without the formation of alloys; however, at 
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tempts to increase evaporation rates have resulted in 
deleterious changes in film properties which are directly 
attributable to the alloy contamination from the tungsten 
basket. Although many various approaches have been 
taken to solve this problem, none have heretofore pro 
duced desired results. 

OBJECTS OF THE INVENTION 
It is, therefore, one object of the present invention to 

provide a conical heating element for vacuum deposition 
having no localized high temperature areas. 

It is an additional object of the present invention to 
provied a conical tungsten heating element which is sim 
ple and efficient in operation. 
The present invention has a further object in the pro 

vision of a simple heating element for use in a vacuum 
deposition chamber which inhibits alloy formation. 
A still further object of this invention is the provision 

of a heating element for increasing vacuum deposition 
evaporation source purity. 
An additional object of the present invention is to pro 

vide a conical heating element capable of operating at 
high evaporation rates without introducing contaminating 
alloys onto the substrate. 

SUMMARY OF THE INVENTION 
The present invention is summarized in that a heating 

element for evaporating a semiconductive material in a 
vacuum chamber includes a wire coil tapered at one end 
to form a conical basket for holding the material, the 
wire having two electrical terminals each of which extend 
from a respective end of the wire coil. A power source 
is coupled to the electrical terminals for establishing a 
flow of current through the wire coil to heat the material 
to form a molten globule which is contained within the 
wire coil. The heating element further includes a current 
shunt device coupled to the wire coil for reducing the 
current flow through the tapered end of the coil thereby 
reducing the heat generated at that tapered end to prevent 
the material and the wire from forming alloys. 
An advantage of this invention is the provision of an 

economical heating element which is constructed to pro 
vide uniform temperatures throughout its length to there 
by inhibit alloy impurity formation. 

Other objects, advantages and novel features of the 
invention will become more fully apparent from the fol 
lowing detailed description of the preferred embodiment 
of the invention when considered in conjunction with the 
accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 shows a typical prior art heating element; and 
FIG. 2 illustrates the preferred embodiment of the 

present invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 
FIG. 1 shows a typical prior art evaporation source 

heating element 10 which is wound to form a conical 
basket having a wide mouth 12 at one end thereof and 
an apex 14 at the other end. The heating element has two 
end terminals 16 which are coupled to a power source 
18 via a switch 20. The heating element 10 is located with 
in a high vacuum deposition chamber shown diagram 
matically as dashed line 22. 

It is noted at this point that the conical heating element 
10 can be constructed from any desired material, such 
as tungsten or the like. It should be pointed out, however, 
that like tungsten the material selected for the heating ele 
ment should have sufficient mechanical rigidity to be self 
supporting while additionally having the ability to with 
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stand extremely high temperatures without breaking down. 
As illustrated in FIG. 1, a material 30 such as ger 

manium or the like can be placed within the conical 
tungsten basket 10 where it will be held for heating. 
When switch 20 is closed, thereby completing the elec 
trical circuit between power source 18 and the heating 
element 10, the wire basket will heat the enclosed material 
causing it to evaporate. If the current flowing through 
the heating element is limited to the point where a low 
rate of evaporation is maintained, localized hot spots will 
not be formed and the purity of the resulting deposited 
film will be kept high. However, due to the close prox 
imity of adjacent coils at the tapered end 14 of the heat 
ing element, a localized high temperature area is gener 
ated at the apex of the basket when high evaporation 
rates are attempted. This results in the formation of alloys 
of the material enclosed within the basket and the wire 
material used to form the basket which consequently 
introduces undesired impurities into the vacuum chamber. 

Referring now to FIG. 2, which illustrates the preferred 
embodiment of the present invention, similar numerals 
are used throughout to refer to similar components as 
shown in FIG. 1. The wire basket shown in FIG. 2 is sub 
stantially identical to that shown in FIG. 1; however, 
it includes a current shunt electrode which directly affects 
the temperature of that part of the element in the vicinity 
of the apex 14. The preferred embodiment of the current 
shunt, as shown in FIG. 2, includes a length of wire 26, 
which is constructed of the same material used to form 
the heating element 10, split lengthwise along a diameter. 
The wire is welded at point 28 to the terminal 16 of the 
heating element which directly extends from apex point 
14. The other end of the shunt wire extends into the in 
terior of the conical basket adjacent the tapered end of 
the heating element without touching any other part of 
the wire basket. When current is applied to the heating 
basket, the material held therein will pass to a liquid state 
whereupon it will completely surround the extended end 
of the shunt to thereby establish a parallel current path. 
The additional parallel current path causes the current 
flowing in the lower coils of the heating element, as illus 
trated, to be reduced. Therefore, the temperature of the 
basket in the vicinity of the apex will be prevented from 
rising to that temperature which causes alloy formation. 
In this manner, localized high temperature areas along 
the length of the wire used to form the conical heating 
basket can be eliminated thereby deterring alloy forma 
tion and enabling the utilization of high evaporation rates. 

It can therefore be seen that the present invention pro 
vides a simple, economical, and reliable heating element 
for use in vacuum deposition which retards alloy forma 
tion and enables high purity film deposition. 

It should be understood, of course, that the foregoing 
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disclosure relates to only a preferred embodiment of the 
invention and that numerous modifications or alterations 
may be made thereto in light of the above teachings. 
What is claimed and desired to be secured by Letters 

Patent of the United States is: 
1. A heating element for evaporating a material in a 

vacuum chamber, comprising: 
a wire coil tapered at one end to form a conical basket 

for holding said material, said wire having two elec 
trical terminals, each extending from a respective end 
of said wire coil; 

a power source coupled to said electrical terminals for 
establishing a flow of current through said wire coil 
thereby heating said material to form a molten 
globule contained within said wire coil; and 

current shunt means coupled to said wire coil for reduc 
ing the current flow through the tapered end of said 
wire coil thereby reducing the heat generated at 
said tapered end to prevent said material from form 
ing alloys. 

2. The invention as recited in claim 1, wherein said cur 
rent shunt means comprises: 

a tungsten wire shunt, having one end connected to 
that one of said two electrical terminals extending 
from the tapered end of said wire coil, and having its 
opposite end extending into the interior of said 
conical basket adjacent the tapered end of said wire 
coil whereby it is surrounded by said molten globule 
of said material to thereby provide a shunt current 
path around said tapered end of said wire coil. 

3. The invention as recited in claim 2, wherein: 
said material is a semiconductor; and 
said wire coil is formed of tungsten wire. 
4. The invention as recited in claim 3, wherein said 

tungsten wire shunt has a cross sectional area which is 
approximately equal to half the cross sectional area of 
the tungsten wire used to form said wire coil. 
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