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ABSTRACT OF THE DISCLOSURE 
An ion-plasma confining enclosure, disposed within a 

larger enclosure, is used to increase ion intensity and 
uniformity over an ion target. The inner or plasma con 
fining enclosure has two spaced-apart, parallel plates 
for the confinement of the ion plasma into a rectangular 
slab or sheet over the ion target. The enclosure also 
includes two confining side members to prevent plasma 
from escaping into the larger enclosure. The confinement 
of the plasma is produced by maintaining a positive 
charge on the confining enclosure of sufficient strength 
to repel incident ions from the plasma. The requisite 
positive charge results by electrically floating the plasma 
confining enclosure or, alternately, by biasing the enclos 
ure slightly positive with respect to the mean plasma po 
tential. Double opposing cathode and anode pairs are 
used to establish an ion plasma and to augment the con 
fining enclosure in improving ion intensity and uniformity 
over the ion target. 

BACKGROUND OF THE INVENTION 
This invention relates to the art of sputtering and, 

more in particular, to a sputtering apparatus which im 
proves ion concentration and uniformity. 

It is well known that sputtering of an ion target with 
ions to generate atoms or molecules of material pro 
duces extremely dense and coherent films on a substrate 
mounted in position to receive the sputtered material. 
Ideally, these sputtered films are of uniform thickness 
and are produced at a reasonably rapid rate. The rate 
of film deposit is a function of the sputtering rate of 
the target while uniformity of film thickness is a function 
of the uniformity of ion bombardment of the target. A 
considerable amount of effort is presently being devoted 
to enhancing film deposition rates and thickness uniform 
ity. It is to the enhancement of film deposition rates and 
uniformity of film thickness that this invention is directed. 

SUMMARY OF THE INVENTION 
The instant invention provides an improved sputter 

ing apparatus which presents a relatively intense and uni 
form concentration of ions for the bombardment of an 
ion target, thereby producing uniform films on an appro 
priately mounted substrate as well as increased sputter 
ing rates. 

In one form, the invention contemplates an ion-plasma 
confining enclosure which includes first and second 
spaced-apart and parallel inner surfaces that form two 
of the inner boundaries of the enclosure. Preferably, the 
remaining boundaries are provided by two side plates 
which together with the parallel inner surfaces define a 
rectangular, box-like inner periphery for the ion plasma. 
Means are provided to evacuate the confining enclosure. 
The apparatus also includes means for establishing and 
maintaining an ionizable atmosphere within the ion-plas 
ma confining enclosure; these means may include, for 
example, a source of gas together with a valve for selec 
tively admitting the gas to the enclosure. Means are 
also provided for establishing an ion plasma within the 
confining enclosure, such as an anode and cathode. Means 
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2 
for mounting an ion target within the enclosure parallel 
to the first inner surface as well as for mounting a sub 
strate parallel to and facing the target to receive sput 
tered material are also included. The means for mount 
ing the substrate may be, for example, the enclosure 
adapted with a window over which the substrate can 
be positioned. Alternatively, the substrate may form a 
part of the enclosure or be mounted on a bracket or 
stand. In addition, means are provided for maintaining 
a positive charge on the enclosure which is sufficient in 
magnitude to confine the ion plasma, by repulsing ions, 
into a sheet-like form between the enclosure's inner Sur 
faces. The plasma confining charge may be established 
by electrically floating the confining enclosure. An elec 
trically floating state is achieved when the confining en 
closure is electrically isolated from charge draining 
structure and accepts a positive charge from the ion 
plasma. The magnitude of the charge will increase until 
an equilibrium condition exists between the enclosure 
and the ion plasma. In general, equilibrium is established 
when the plasma confining enclosure is at a potential 
positive with respect to the system's cathode but slightly 
less than anode potential. Alternately, the repelling charge 
may be established by positively biasing the confining en 
closure with an independent, positive potential source, 
preferably to a potential approaching that of the anode 
but slightly greater than mean plasma potential. The 
accumulated positive charge is limited to effect substan 
tially plasma potential on the confining enclosure to pre 
vent electron drain from the plasma. 
The ion-plasma confining enclosure, through its posi 

tive charge, produces a sheet- or slab-like plasma defined 
approximately by the inner geometry of the enclosure. 
In the sense used here, the sheet-like plasma has a thick 
ness limited by the spacing between the upper and lower 
confining members. As is seen from the drawings, which 
depict relative dimensions of two preferred embodiments, 
the distance between the upper and lower confining 
members may be relatively large with respect to the 
length and breadth dimensions of the confining enclosure. 
The plasma is relatively uniform and dense over the sur 
face of an ion target disposed within the limits of the 
enclosure parallel to its inner surfaces; therefore, rapid 
and uniform sputtering rates over the entire target sur 
face are possible. 
To augment the uniformity and increased plasma den 

sity produced by the plasma confining enclosure's posi 
tive charge, a preferred embodiment of the invention em 
ploys at least two cathode-anode pairs disposed to create 
a double opposed discharge within the enclosure. The dou 
ble opposed discharge is produced by having the first 
cathode-anode pair create an electron attracting field 
acting in one direction within the confining enclosure 
while the second pair produces a field which attracts 
electrons emitted from its cathode in a direction opposite 
from that produced by the first pair. The anode-cathode 
pairs have independent power supplies to effect these 
opposed fields. The ion target is then disposed in the cen 
ter of the plasma developed by the double opposed dis 
charge in order to feel its maximum effect. 

Enhancement of ion uniformity over the target is pro 
duced in one embodiment of the invention by an electron 
deflector or shaping means which has a slit-like opening 
that emits electrons as a sheet into the rectangular, box 
like plasma confining enclosure. These deflectors are pref 
erably used with the anode-cathode pairs described. The 
enclosure's positive electric charge still confines the ion 
plasma but cooperates with the slit-like openings and 
double discharge to increase its uniformity over the target. 

It has been found, however, that good sputtering rates 
with uniform coatings can be produced without the slit 
like electron deflectors. In this instance, electrons may be 
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admitted into the rectangular, box-like enclosure through 
a standard cylindrical cathode shield. In short, the confin 
ing affect of the positive electric charge associated with 
the enclosure produces a sheet-like plasma with its con 
comitant high ion density and uniformity. 
The plasma confining enclosure is ideally suited for 

mounting the substrate. The substrate can form a part of 
the enclosure or it may be structurally independent. By 
providing an outer gas-tight enclosure for housing the 
plasma confining enclosure, a window may be provided 
in one of the plasma confining or inner enclosure's men 
bers over which a substrate can be mounted. The Sub 
strate's removal and positioning from outside the outer 
enclosure is then readily accomplished. Removal and 
positioning of the substrate is preferably provided by a 
frame in which the substrate can be mounted. The frame 
is held in position by a pair of guides disposed on one 
of the inner enclosure's plasma confining members. The 
frame can be slid in the guides for the positioning of the 
substrate over the window. Linkage connecting the frame 
to outside the outer enclosure provides for Substrate posi 
tioning without disturbing the vacuum environment. Such 
a linkage may be, for example, a rotatable shaft which ex 
tends through the outer enclosure and which is connected 
to a crank which in turn is connected to the frame. The 
ion target is preferably positioned opposite and parallel 
to the substrate. A target mount electrically isolated from 
the enclosure may be used to support the target within 
the enclosure a small distance from its bottom member. 
The spacing insures the immersion of the target in the 
sheet-like ion plasma and reduces Sputtering from behind 
the target which would otherwise waste power. 
To avoid the Sputtering of undesirable material it is 

preferred to shield structural components of the sputter 
ing apparatus from the ion plasma. The plasma confining 
enclosure itself, through its associated positive charge, is 
shielded from ion bombardment. Such items as electron 
deflectors and feed-through collars are normally grounded 
and therefore should be shielded to avoid their sputtering. 
Once again, the plasma confining enclosure serves as a 
shield against the sputtering of structure outside the en 
closure and within an outer enclosure because of its con 
fining influence on the ion plasma. Cathode shields or 
electron deflectors, which are normally exposed to the 
plasma despite the plasma confining enclosure, may be 
lined with a ceramic material to prevent the sputtering of 
its metallic structure. The anodes may serve as a barrier 
against ion escape from the ends of the enclosure or, 
alternatively, a shield may be used which is allowed to 
electrically float and develop its own repulsive positive 
charge. 
The sputtering apparatus of this invention is ideally 

suited for the formation of uniform sputtered films on a 
substrate at a relatively rapid rate. The plasma confining 
enclosure intensifies the plasma and renders its ion in 
tensity more uniform over the ion target by forming the 
plasma into a sheet and preventing its escape into an 
outer enclosure if such is used. The use of a double op 
posed discharge increases ion density and uniformity over 
the target. Uniformity is enhanced because the discharges 
emanating opposite directions overlap and reduce areas of 
low ion intensity. The use of an electron deflector with a 
slit-like opening in cooperation with the confining positive 
charge of the enclosure also increases the plasma uniform 
ity because of its tendency to enhance the sheet-like 
plasma. 

These and other features, aspects and advantages will 
become more apparent from the following description, 
appended claims and drawings. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGURE 1 is an elevational view, partly in half sec 
tion, of a preferred embodiment of the present invention 
which includes a side elevation of a preferred plasma con 
fining enclosure; 

0 

5 

20 

25 

30 

40 

45 

55 

60 

O 

75 

4. 
FIGURE 2 is an end elevational view of the plasma 

confining enclosure shown in FIGURE 1; 
FIGURE 3 is a plan view of the plasma confining en 

closure shown in FIGURES 1 and 2; 
FIGURE 4 is an elevational schematic, partly in half 

section, of an alternate embodiment of the present in 
vention; and 
FIGURE 5 is a fragmentry, perspective view of one of 

the electron deflectors and anodes shown in FIGURE 4. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

FIGURE 1 shows a preferred embodiment 10 of the 
sputtering apparatus of the present invention. In general, 
the apparatus includes an outer cylindrical enclosure 12 
in the form of a vacuum chamber which contains an 
inner, plasma confining enclosure 14. An ion plasma is 
generated within ion-plasma confining enclosure 14 by 
two pairs of independently powered cathodes and anodes. 
The first cathode-anode pair consists of anode 16 and 
cathode 18 which are electrically coupled to a power 
source. The second pair includes anode 20, shown in phan 
tom, and cathode 22 which are coupled to an independent 
power source. Target 24 is mounted within inner enclosure 
14 on target support assembly 26. Subtrate 28 is mounted 
for the receipt of sputtered material from target 24 in 
substrate mounting assembly 30. 

Plasma confining inner enclosure 14 is depicted in the 
first three figures. The inner enclosure is a box-like struc 
ture which defines an interior that confines an ion plasma 
into a sheet or rectangular slab. Upper plate 31 and 
parallel bottom plate 32 form two of the confining mem 
bers of inner enclosure 14. The confining portions of 
the enclosure are completed by the two parallel side 
members 34 and 36. Plate 31 has a centrally disposed 
rectangular aperture 38 which forms a window for the 
passage of Sputtered material from target 24 for the 
formation of a film on substrate 28 (the target and sub 
Strate are shown in FIGURE 1). Bottom plate 32 also 
has a centrally disposed, rectangular aperture 40 for 
the mounting of target 24 on target support 42 above 
the inner surface of plate 32. Enclosure 14 is electrically 
insulated from outer enclosure 12 in order to maintain 
it in an electrically floating state. This state is achieved 
when the members which define enclosure 14 accept and 
retain a positive charge from the ion plasma. The result 
ant potential of these members approaches anode poten 
tial and is therefore positive with respect to the system's 
electron emitting sources, that is, cathodes 18 and 22. 
The positive charge repulses positive ions from the plasma 
thereby confining the plasma within enclosure 14. In the 
embodiment shown in FIGURE 1, an electrically float 
ing state is achieved by mounting enclosure 14 in outer 
enclosure 12 through insulators. Thus, bottom plate 32 is 
connected to insulators 44 which in turn are mounted 
on brackets 46. Brackets 46 are secured to the inner wall 
of enclosure 12 through studs 48. The support pro 
vided through insulators 44 forms the only connection 
of enclosure 14 to grounded outer enclosure 12, the re 
maining parts of the enclosure being supported by bot 
ton plate 32. Thus, brackets 50 through 53 are connected 
to bottom plate 32 with upper plate 31 connected to these 
brackets. Side plates 34 and 36 are, in turn, supported 
by upper plate 31. 
Anodes 16 and 20 are mounted to face the axis of 

the ion plasma contained in inner enclosure 14. Each 
anode has a centrally disposed, cylindrical opening for 
the passage of electrons into the ion plasma from the 
apparatus' electron sources. Thus, opening 54 in anode 
20 provides egress for electrons emitted from cathode 18. 
Each anode is electrically insulated from its supporting 
enclosure. Anode 16 is connected to support rods 55 
which pass through, but out of electrical contact with, 
brackets 5 and 52 for receipt by insulator mounts 56. 
Similarly, anode 20 is held in place by support rods 57 
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munication with gas line 210. Valve 212 is in gas line 210 
to provide control for the amount of gas admitted into 
the enclosures. Line 210 branches into two gas lines 214 
and 216 which open into the interior of enclosure 170. 
As in the previously described embodiment, the ion 

plasma established in the inner enclosure is produced and 
sustained by two independent cathode and anode pairs. 
Cathodic filament 220 is connected to the sceondary 
winding of transformer 222. Transformer 222 has its pri 
mary winding connected to variable alternating current 
source 224. Anode power supply 226 is connected between 
the secondary winding of transformer 222 and anode 228. 
Power source 226 is provided to maintain anode 228 
positive with respect to cathodic filament 20. Cathodic 
filament 220 is mounted in cathode housing 230 which 
opens into electron deflector 232. In like manner, cathodic 
filament 234 is coupled to a source of variable alternat 
ing current 236 through the secondary winding of trans 
former 238. Cathodic filament 234 is disposed in housing 
239 which opens into electron deflector 241. Cathode 
234's cooperating anode 240 is coupled to the cathode by 
connection through the secondary circuit of transformer 
238. Anode power supply 242 is connected between cath 
ode 234 and anode 240 to maintain the anode positive 
with respect to the cathode. Target 178 is biased negative 
with respect to an ion plasma devedoped within enclosure 
170 by connection to the negative terminal of target 
power supply 246. The positive terminal of target power 
supply 246 is connected to anode 240 to maintain the 
proper negative bias on the target. 
The plasma confining action of enclosure 170 is pro 

vided by maintaining it at a positive potential with respect 
to the cathodes of the sputtering system. This potenial 
should approach the potential of the Sputtering System's 
anodes. Thus, enclosure 170 is connected through variable 
resistor 250 to the positive terminal of anode power Sup 
ply 242. Resistor 250 provides a load to reduce the po 
tential on enclosure 170 which in this embodiment is 
electrically conductive. 

Each of the electron deflectors illustrated in FIGURE 
4 opens into enclosure 170 through a narrow slit which 
parallels substrate 174 and bottom plate 176. This is 
shown to best effect in FIGURE 5. Electron deflector 
232 has a slit 252 which faces anode 240 and the interior 
of enclosure 170. The slit enables the electrons entering 
enclosure 170 to do so in a sheet-like form. 
The ion-plasma confining enclosure performs its func 

tion by providing the means for maintaining a positive 
charge which suppresses the normal expansion of the ion 
plasma into the outer enclosure. This charge can be 
created by maintaining the component parts of the en 
closure in an electrically floating state or by biasing them 
to a sufficiently positive potential with an independent 
potential source. Because the confining action is produced 
by a positive charge on the inner enclosure, the constit 
uent parts of the inner enclosure or the enclosure itself 
need not be gastight. In addition, use of dielectric ma 
terials as the inner enclosure's parts is also possible. Glass, 
for example, when exposed to the ion plasma will take 
on a charge and become electrically floating resulting in 
the repulsion of ions which would otherwise strike the 
glass or escape into the outer enclosure. 
The operation of sputtering apparatus will now be de 

scribed with reference to FIGURE 1. Enclosures 12 and 
14 are pumped down in a normal manner to a low pres 
sure. An ionizable gas such as argon is admitted through 
valve 136 into ion-plasma confining enclosure 14. Cath 
odic filament 22 and its cooperating anode 20, as well as 
cathodic filament 18 and its cooperating anode 16, are 
energized. Target 24 is biased negative through target 
power supply 92. The resulting ion plasma generated 
within enclosure 14 will be in a sheet-like form having 
a relative uniform intensity over target 24 and a relatively 
high concentration of ions. The positive charge on side 
members 34 and 36 prevents the ion plasma from escap 
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8 
ing into outer enclosure 12 while the charge on top and 
bottom members 31 and 32 performs a confining function 
and acts on the ion plasma to establish and maintain its 
sheet-like configuration. By providing two independently 
energized cathode and anode pairs, operative to draw 
electrons into the inner enclosure in opposite direction, 
the intensity of the ion plasma and the sheet-like form 
is enhanced. The sheet-like form is enhanced because the 
plasmas emanating from shields 60 and 69 diverge in a 
horizontal plane but overlap over target 24. 
The invention has been described with reference to cer 

tain preferred embodiments. The scope and spirit of the 
appended claims should not, however, be necessarily lim 
ited to the foregoing description. 
What is claimed is: 
1. In an apparatus for depositing thin films of mate 

rial on a surface of a substrate which includes a first 
evacuable enclosure, means for evacuating said enclosure 
and providing an ionizable atmosphere therein, the im 
provement comprising: 

a second evacuable enclosure located within and elec 
trically insulated from said first enclosure and com 
municating with said means for establishing an 
ionizable atmosphere, said second enclosure having . 
at least a first and a second side; 

means for establishing an ion plasma within said 
Second enclosure, said means including a first anode 
and cathode electrically coupled and disposed to 
cause an electron field in one direction through said 
second enclosure and a second anode and cathode 
electrically coupled and disposed to cause an electron 
field through said second enclosure in a direction op 
posite that caused by said first anode and cathode; 

an ion target having a surface of material to be sput 
tered With the sputtering surface facing said ion 
plasma; 

means for applying an ion attracting voltage to said ion 
target; and 

means for mounting said substrate within said first en 
closure with said surface of the substrate being 
spaced from and facing the surface of said target 
So that material sputtered from said target is received 
by said substrate. 

2. A Sputtering apparatus as recited in claim 1 wherein 
the apparatus includes: 

means for establishing and maintaining a positive 
charge on said second enclosure of sufficient mag 
nitude to at least confine the ion plasma therein into 
a sheet-like form between said target and said sub 
Strate. 

3. A Sputtering apparatus comprising: 
(a) an enclosure adapted to confine an ion plasma, 

the enclosure including first and second spaced-apart 
members having substantially parallel inner surfaces; 

(b) means for evacuating and establishing an ionizable 
atmosphere within the enclosure; 

(c) means for establishing an ion plasma within the 
enclosure; 

(d) means associated with the enclosure for establish 
ing and maintaining a positive charge of sufficient 
magnitude to at least substantially confine the ion 
plasma therein and to maintain the plasma in sheet 
form between the first and second members' inner 
surfaces; 

(e) means for mounting a target of material to be 
Sputtered in ion communication with and parallel to 
the sheet-like ion plasma; 

(f) means for biasing the target to attractions from 
the ion plasma; and 

(g) means for mounting a substrate in position to re 
ceive sputtered material from the target such that 
the Substrate is parallel to and facing the target. 

4. The Sputtering apparatus claimed in claim 3 where 
in the means for maintaining a positive charge includes 
means for maintaining the ion-plasma confining en 
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closure in an electrically floating condition whereby the 
enclosure is capable of accepting and retaining a posi 
tive electric charge from the ion plasma that repulses its 
IOIS. 

5. The sputtering apparatus claimed in claim 4 where 
in the means for establishing an ion plasma includes: 

a first cathode and anode electrically coupled to 
gether and disposed to cause an electron attracting 
field in one direction in the ion-plasma confining 
enclosure; and 

a second cathode and anode electrically coupled to 
gether independently of the first cathode and anode 
and disposed to cause an electron attracting field in 
the ion-plasma confining enclosure opposite that 
produced by the first cathode and anode; 

the substrate and target mounting means being dis 
posed to mount the substrate and target substan 
tially at the center of the ion plasma. 

6. The sputtering apparatus claimed in claim 5 where 
in the first and second anodes are disposed across the ion 
plasma confining enclosure at either end thereof. 

7. The sputtering apparatus claimed in claim 5 where 
in the means for establishing an ion plasma includes an 
electron deflector for each cathode, each deflector having 
a slit-like opening extending transversely across and fac 
ing into the ion-plasma confining enclosure. 
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8. The sputtering apparatus claimed in claim 3 where 

(a) the means for establishing an ion plasma includes 
at least one cathode and at least one anode; and 

(b) the means for establishing and maintaining a posi 
tive charge includes biasing means operable to 
maintain the ion-plasma confining enclosure at a 
potential positive with respect to the cathodes and 
approaching the anodes' potential. 
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