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ABSTRACT OF THE DISCLOSURE 

A triode sputtering system having a circular anode and 
a circular cathode spaced apart a distance approximately 
equal to the mean free path of the atoms to be sputtered 
from the cathode. A cylindrical collector is positioned 
between the anode and the cathode and around a shield 
ed ?lament that is rotatably supported along a common 
axis of the anode and the cathode. The collector is sym 
metrically spaced from the ?lament a distance approxi 
mately equal to the mean free path of electrons. A semi 
circular shield is provided for use in shielding a selected 
portion of the cathode. The above-described structure is 
mounted within a bell jar ?lled with an inert gas at low 
pressure. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

This invention relates to a method of forming a stable 
and adherent metal contact on an element and to an im 
proved triode sputtering system that may be used in per 
forming the steps of this method. 
A good metal contact should be malleable and easily 

bondable by either thermocompression or ultrasonic bond 
ing. It should also have good electrical conductivity and 
should not oxidize. Gold contacts have these properties. 
However, gold is not adherent to most materials, has a 
high diffusion coe?icient through most materials, and re 
acts with materials such as silicon to form a low tem 
perature eutectic. These disadvantages of gold contacts 
can be overcome by using a nonreactive interface layer 
between the gold contact and the element on which the 
gold contact is to be formed. This interface layer may 
comprise, for example, molybdenum, nickel, chrome, or 
titanium. Molybdenum is preferred because gold has per 
haps its lowest diffusion rate through molybdenum—about 
two or three orders of magnitude lower than through the 
other metals mentioned. Molybdenum will oxidize, but 
this presents no problem since the interface layer will be 
covered by the gold contact. 

It is an object of this invention to provide a production 
oriented method of forming a stable and adherent metal 
contact on an element such as an active device, thin ?lm 
circuit, beam lead structure, or the like. This object is 
accomplished according to the preferred embodiment of 
the method by sputtering a layer of molybdenum onto 
the element, by sputtering a mixed layer of gold and 
molybdenum onto the layer of molybdenum, and by sput 
tering a layer of gold onto the mixed layer of gold and 
molybdenum. 
The sputtering steps of this method may be accom 

plished by employing a conventional triode sputtering sys 
tem. However, in conventional triode sputtering systems, 
uniform deposition is limited to a relatively small area. 
This minimizes the usefulness of the method in large scale 
production set-ups where it is desirable to uniformly 
process large numbers of elements at the same time. 

Accordingly, it is another object of this invention to 
provide an improved triode sputtering system in which 
uniform deposition may be accomplished over a com 
paratively large area at low gas pressures. This object is 
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accomplished according to the preferred embodiment of 
this system by employing an enlarged circular anode and 
an enlarged circular cathode mounted in parallel planes 
and spaced apart along a common axis by a distance 
approximately equal to the mean free path of the atom 
to be sputtered from the cathode. A shielded ?lament 
is rotatably mounted along the common axis and between 
the anode and the cathode, and a cylindrical collector is 
coaxially mounted around the shielded ?lament. The col 
lector is positioned between the anode and the cathode 
and is symmetrically spaced from the ?lament by a dis 
tance approximately equal to the mean free path of elec 
trons. 

DESCRIPTION OF THE DRAWINGS 

FIGS. 1 through 5 are sectional views illustrating the 
steps of forming a metal contact on an element according 
to the preferred embodiment of the method of this in 
vention. 

FIG. 6 is a partially cut away top view of a conven 
tional triode sputtering system that may be used in per 
forming the steps illustrated in FIGS. 1 through 5. 

FIG. 7 is a side view of the conventional triode sput 
tering system of FIG. 6. 
FIG. 8 is a partially cut away top view of an improved 

triode sputtering system according to the preferred em 
bodiment of the system of this invention. 

FIG. 9 is a sectional side view taken along the line 
A—A of the improved triode sputtering system of FIG. 8. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, there is shown an element 
such as a silicon chip 10 on which a metal contact is to 
be formed. The metal contact to be formed may serve, 
for example, as an electrode of a circuit element 12 pre 
viously formed in the silicon chip 10 by conventional 
diffusion techniques. As shown in FIG. 2, it may initially 
be necessary to provide an oxide masking layer 14 or the 
like on the surface of the silicon chip 10 to prevent the 
metal contact from contacting selected portions of the 
silicon chip 10. Alternatively, a masking layer might be 
employed after the metal contact is formed on the silicon 
chip 10 to permit removal of selected portions ‘of the 
metal contact by etching. 
As shown in FIG. 3, the ?rst step in forming the metal 

contact on the silicon chip 10 comprises sputtering a layer 
16 of molybdenum or some other such adherent and non 
reactive metal onto the exposed surface of the silicon 
chip. This step may be accomplished, for example, by 
employing a conventional triode sputtering system such 
as that shown in FIGS. 6 and 7. The silicon chip 10 is 
placed on a rectangular anode 18 that is operated at 
ground potential. Anode 18 is mounted so that it can be 
rotated in the 0 direction about the axis 20. Electrons 
from a ?lament 22 that is operated at ground potential are 
collected at a collector 24 that is operated at about forty 
volts. A current ?ow of about two amperes is maintained 
between the ?lament 22 and the collector 24. The sput 
tering apparatus is housed in an enclosure 25 ?lled with 
an inert gas such as argon. Thus, some of the electrons 
from the ?lament 22 collide with neutral argon atoms 
before reaching the collector 24. Some of these collisions 
produce positive argon ions, which are attracted to a 
rectangular molybdenum cathode 26 that is operated at 
about four thousand volts negative with respect to ground. 
As the positive argon ions bombard the molybdenum 
cathode 26, molybdenum atoms are sputtered off. Many 
of these molybdenum atoms are deposited on the siilcon 
chip 10. This process is continued for about two and a 
half to ?ve minutes to sputter a layer 16 of molybdenum 
about ?ve hundred to one thousand angstroms in thick 
ness onto the exposed surface of the silicon chip 10. A 
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rectangular shield 28 is employed to prevent the positive 
argon ions from bombarding a rectangular gold cathode 
30 to be used in the next step. A ?lament shield 29 is 
provided with an opening 32 for permitting electrons 
from the ?lament 22 to reach the collector 24. Prior to 
the ?rst sputtering step, a rectangular shutter 33 may be 
positioned between the silicon chip 10 and the cathodes 
26 and 30. The shutter 33 shields the silicon chip 10 
during a brief sputtering operation that is employed to 
clean the triode sputtering system. After this cleaning op 
eration, the shutter 33 is rotated out of the sputtering re— 
gion, and the ?rst sputtering step is performed as de 
scribed above. 
As shown in FIG. 4, the next step in forming the 

contact comprises sputtering a mixed layer 34 of molyb 
denum and gold, or some other such metal that is malle 
able, bondable, electrically conductive, and oxidation re 
sistant, onto the layer 16 of molybdenum. This step may 
also be accomplished by using the conventional sputter 
ing system shown in FIGS. 6 and 7 and described in 
connection with the preceding step. However, for this 
step both the molybdenum and the gold cathodes 26 
and 30 are operated at four thousand volts negative with 
respect to ground. In addition the anode 18 and the 
shield 28 are rotated together in the 0 direction about 
the axis 20 at an angular speed of about one to ten rev 
olutions per minute. Thus, positive argon ions alternate 
ly bombard the 1molybdenum and gold cathodes 26 and 
30. This process is continued for about two to three 
minutes to sputter a mixed layer 34 of gold and molyb 
denum about four to six hundred angstroms in thick 
ness onto the layer 16 of molybdenum. 
As shown in FIG. 5, the ?nal step in forming the 

contact comprises sputtering a layer 36 of gold onto 
the mixed layer 34 of gold and molybdenum. This step 
may also be accomplished by using the conventional 
sputtering system shown in FIGS. 6 and 7. However, 
for this step the anode 18 and the shield 28 are held 
stationary, and the shield 28 is positioned to shield the 
molybdenum cathode 26. Thus, the positive argon ions , 
bombard only the gold cathode 30. This process is con 
tinued for about twenty minutes to sputter a layer 36 
of, for example, about four thousand angstroms in thick 
ness onto the mixed layer 34 of gold and molybdenum. 
The above three steps provide a metal contact that 

is substantially more stable and that is about ten times 
more adherent to a silicon chip or the like than, for 
example, a simple gold contact formed by conventional 
methods. Although these steps may be accomplished by 
employing the conventional triode sputtering system de 
scribed above, they are better accomplished on a large 
scale production basis by employing the improved tri 
ode sputtering system described below. 

Referring now to FIGS. 8 and 9, there is shown an 
air tight housing such as a bell jar 38. The bell jar 38 
is evacuated and then ?lled at a low pressure of about 
four microns with an inert gas such as argon. A circular 
anode 40 operated at about ground potential and a cir 
cular cathode 42 operated at about four thousand volts 
negative with respect to ground are mounted in parallel 
planes within the bell jar 38. The anode 40 and the 
cathode 42 are spaced apart along a common axis 44 
by a distance L1 approximately equal to the mean free 
path 1a of the atoms to be sputtered from the cathode. 
This distance L; may have virtually any value :within 
the range of values de?ned by 1,, plus or minus one 
hundred percent. Speci?cally, a value of about one and 
six-tenths inches may be used. The anode 40 and the 
cathode 42 may each have a radius of about eight inches. 
This makes them about four times larger in area than 
the anode 18 and the combined cathodes ‘26 and 30 of 
the conventional triode sputtering system shown in FIGS. 
6 and 7. The elements 46 on which a ?lm is to be de 
posited are placed on the anode 40. A cathode 42 is 
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4 
employed that is made of the material to be deposited 
‘on the elements 46. 
A ?lament 48 operated at ground potential is rotatably 

mounted Within the bell jar 38 along the common axis 
44 between the anode 40 and the cathode 42.. The ?la 
lment 48 is rotated at an angular speed in the 6 direction 
of about one to ten revolutions per minute. This rota 
tion of the ?lament 48 assures uniformity of deposition 
in the 0 direction. The anode 40 and the cathode 42 are 
each provided with a central opening 50 for receiving 
the end terminals of the ?lament 48. A cylindrical shield 
52 is coaxially supported around the ?lament 48. The 
shield 52 comprises two half sections that protrude 
through the openings 50in the anode 40 and the cathode 
42 and that are spaced apart near the center of the ?la 
ment 48 to provide an annular opening 54 through which 
electrons may leave the ?lament. Each half section of 
the shield 52 has hollow walls through :which water is 
pumped to provide cooling for the ?lament 48. A cylin 
drical collector 56 is coaxially mounted within the bell 
jar 38 and around the shielded ?lament 48. The collector 
56 is mounted between the anode 40 and the cathode 42 
and is symmetrically spaced from the ?lament 48 by a 
distance L2. The gas pressure within the bell jar 38 is 
adjusted to make the mean free path 1(5 of electrons ap 
proximately equal to L2. The collector 56 is operated at 
about 40 volts. 

Electrons given off by the ?lament 48 ‘are collected 
by the collector 56. A current ?ow of about four am 
peres is maintained between the ?lament 48 and the col 
lector 56. The electron density falls off naturally as the 
reciprocal of distance r from the ?lament due to ge 
ometry. Some of the electrons from the ?lament 48 
collide with neutral argon atoms while in transit to the 
collector 56. The probability that such a collision will 
occur increases with r from zero at the ?lament 48 to a 
maximum at the mean free electron path length near 
the collector 56. Some of these collisions produce posi 
tive argon ions that bombard the negatively biased cath 
ode 42 and thereby sputter atoms of the material to be 
deposited away from the cathode. The probability that 
an electron will ionize a neutral argon atom as a colli 
sion is made also increases with 1'. Thus, by balancing the 
increase in collisions and resultant ionizations with r 
against the decrease in electron density with r, a uniform 
ion density and, hence, a uniform deposition is obtained. 
This is accomplished by making L2 approximately equal 
to the mean free electron path length 16. For good uni 
formity of deposition 1e should be equal to at least ?fty 
percent of L2; 18 may exceed L2 by virtually any amount. 
Depositions of about plus or minus ten percent uniform 
ity have been obtaied when 1e has a value within the 
range of values de?ned by L2 plus or minus ten percent. 
Such a deposition may be obtained with the above-de 
scribed apparatus over an area (indicated between the 
concentric broken lines 58) greater than one hundred 
square inches. This area is about ten times greater than 
the area (indicated within the rectangular broken line 
60 in FIG. 6) over which a comparably uniform deposi 
tion can be obtained with the conventional triode sput 
tering system shown in FIGS. 6 and 7. 

If, for example, metal contacts are to be formed on 
the elements 46 by the method described above, a cath 
ode 42 is employed having one half section 62 made of 
gold and another half section 64 made of molybdenum. 
A semicircular shield 66 is employed to cover the gold 
half section 62 of the cathode 42 and the corresponding 
portion of the collector 56 during the step of sputtering 
a layer of molybdenum onto the elements 46. The shield 
66 is removed, and the anode 40 is rotated with the 
?lament 48 during the next step of sputtering a mixed 
layer of gold and molybdenum. Rather than remove the 
shield 66 during this step it may also be rotated ninety 
degrees to a neutral position equally between the half 
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sections 62 and 64 of the cathode 42. The shield 66 is 
then rotated an additional ninety degrees to cover the 
molybdenum half section 64 and the corresponding por 
tion of the collector 56 during the next and last step 
of sputtering a layer of gold onto the mixed layer of 
gold and molybdenum. A pair of semicircular shutters 
68 may be positioned between the elements 46 and the 
cathode 42 to shield the elements 46 during the cleaning 
operation that is performed prior to the ?rst sputtering 
step. These shutters 68 are mounted so that they may 
be rotated to positions aligned with the neutral position 
of the shield 66 after the cleaning operation is ?nished. 

I claim: 
.1. Apparatus for depositing a layer of a selected ma 

terial on an element, said apparatus comprising: 
an enclosure for maintaining an inert gas at a selected 

pressure; 
an anode housed within said enclosure; 
a cathode housed within said enclosure and spaced from 

said anode to de?ne a discharge region; 
a ?lament housed within said enclosure and positioned 

between said anode and said cathode to emit electrons 
along a path passing through said discharge region 
between said anode and said cathode; and 

a collector housed within said enclosure and positioned 
between said anode and said cathode, said collector 
being positioned at least partially around said ?lament 
and being substantially radially spaced therefrom by 
a selected distance. 

2. Apparatus as in claim 1 wherein said collector is 
spaced from said ?lament by a distance approximately 
equal to the mean free path of electrons. 

3. Apparatus as in claim 2 including a shield housed 
within said enclosure and operable for cooling said ?la 
ment, said shield being positioned around said ?lament 
and having an annular opening through which electrons 
may pass from the ?lament to the collector. 

4. Apparatus as in claim 3 wherein: 
said anode and said cathode are supported in parallel 

planes and along a common axis; 
said ?lament is rotatably supported along said common 

axis and between said planes; and 
said collector is coaxially supported around said ?la~ 
ment and between said anode and said cathode. 

5. Apparatus as in claim 4 wherein: 
said cathode comprises the selected material; and 
said anode and said cathode are spaced apart by a dis 

tance approximately equal to the mean free path of 
the atoms to be sputtered from the cathode. 

6. Apparatus as in claim 5 wherein: 
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6 
said anode and said ?lament are each to be operated 

at a reference potential; 
said collector is to be operated at a selected positive 

potential relative to the reference potential of said 
anode; and 

said cathode is to be operated at a selected negative 
potential relative to the reference potential of said 
anode; 

whereby some of the electrons emitted from said ?la 
ment collide with neutral atoms of said inert gas and 
produce positive ions that are attracted to said cath 
ode where they sputter off atoms of the material to 
be deposited on said element. 

7. Apparatus as in claim 6 wherein: 
said anode and said cathodes are circular; and 
said collector and said shield are cylindrical. 
8. Apparatus as in claim 2 wherein: said anode and 

said cathode are supported in parallel planes and along 
a common axis; said ?lament is rotatably supported along 
said common axis and between said planes; and said col 
lector is coaxially supported around said ?lament and be~ 
tween said anode and said cathode. 

9. Apparatus as in claim 8 ‘wherein: said cathode com 
prises the selected material; and said anode and said cath 
ode are spaced apart by a distance approximately equal 
to the mean free path of the atoms to be sputtered from 
the cathode. 

10. Apparatus as in claim 9 wherein: said anode and 
said ?lament are each to be operated at a reference poten 
tial; said collector is cylindrical and is to be operated at 
a selected positive potential relative to the reference poten 
tial of said anode; and said cathode is to be operated at a 
selected negative potential relative to the reference poten 
tial of said anode; whereby some of the electrons emitted 
from said ?lament collide with neutral atoms of said inert 
gas and produce positive ions that are attracted to said 
cathode where they sputter off atoms of the material to be 
deposited on said element. 
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