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(57) ABSTRACT 
This is disclosed herein an electrode type glow dis 
charge apparatus, such as that used for sputtering ma 
terial from a cathode to provide a coating or the like 
on materials such as a substrate or substrates. Several 
exemplary embodiments are disclosed involving vari 
ous combinations of constructural features including a 
flanged or spool type cathode, anode placement with 
respect thereto, provision of internal and/or external 
magnetic fields with field lines close to and substan 
tially parallel with the barrel of the cathode, insulator 
placement, efficient cooling for anode and cathode, 
and the like. Furthermore, the assembly is constructed 
in a manner such that the same can be readily disas 
sembled for enabling change of cathode materials and 
for cleaning cooling fluid passageways of the cathode 
and anode. Embodiments are described wherein at 
least a portion of the cathode may be in the form of a 
continuously moving member, such as a wire. The var 
ious constructural features enable apparatus to be pro 
vided which can create stable and uniform plasmas 
confined and controlled volume while operating at rel 
atively low pressures with relatively low operating 
voltages. 

45 Claims, 10 Drawing Figures 
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ELECTRODE TYPE GLOW DISCHARGE 
APPARATUS 

BRIEF SUMMARY OF THE INVENTION 

This invention relates to electrode type glow dis 
charge devices, and more particularly to improved de 
vices and apparatus of this nature used for sputtering 
of materials. 
Various types of electrode type glow discharge de 

vices have been devised and used. Numerous patents 
have been granted and papers published describing var 
ious constructions and operational features of such de 
vices. Some of the more interesting and relevant de 
vices are disclosed in a paper by von F. M. Penning 
briefly entitled, "Die Glimmentiadung Im Magnetfeld' 
beginning at page 873, Physica III, No. 9, November 
1936; a paper by F. M. Penning, et al., appearing in the 
1940 Proceedings of the Royal Netherlands Academy of 
Science entitled, "Cathode Sputtering in a Magnetic 
Field" beginning at page 41 thereof, British Pat. No. 
736,512 in the name of Holland published September 
1955; Penning U.S. Pat. No. 2,146,025 issued February 
1939; a paper by James R. Mullaly entitled, "Crossed 
Field Discharge Device for High Rate Sputtering' be 
ginning at page 40 of the February 1971 issue of Re 
search/Development, a paper by W. D. Gill, et al., enti 
tled “Efficient Low Pressure Sputtering in a Large In 
verted Magnetron Suitable for Film Synthesis' begin 
ning at page 277 in The Review of Scientific Instru 
ments, volume 36 No. 3, March 1965; a paper by K. 
Wasa, et al., entitled, "Sputtering in a Crossed Electro 
magnetic Field" beginning at page 7 of the IEEE 
Transactions on Parts, Materials and Packaging, Vol 
ume PMP-3, No. 3, September 1967; and a Proceeding 
letter by K. Wasa, et al., entitled “Efficient Sputtering 
in a Cold-Cathode Discharge in Magnetron Geometry” 
beginning at Page 2179 in the Proceedings of the IEEE 
Volume 55, No. 12, December 1967. 
Although there has been constant improvement, 

change and evolution of devices in this field, the pres 
ent concepts are believed to represent substantial new 
and novel improvements, including departures from 
prior practices, resulting in the provision of more effi 
cient, stable and reliable devices of this nature. 

The teachings of the present invention permit the 
design of improved apparatus for depositing films or 
coating, such as thin films, of material by the process 
of cathode sputtering. Additionally, these teachings 
permit the design of low pressure gas discharge devices, 
including light sources and radiation sources, which are 
efficient with respect to their ability to produce radia 
tion having the wavelengths associated with electronic 
transitions in ionized gaseous species. 
As an example of a principal application of the pres 

ent concepts, consider the process of thin film deposi 
tion by cathode sputtering. A target composed of the 
material to be deposited is placed within a low pressure 
gas discharge and connected as a cathode ions from 
the gas discharge bombard the target and drive off, that 
is sputter, atoms of the target material. The substrate 
or item to be coated is suitably placed with respect to 
the cathode, so that it is in the path of the Sputtered 
atoms. Accordingly, a thin film of the target material 
forms on the substrate surface. An important aspect of 
the usual sputtering process is that the sputtered atoms 
leave the target surface with considerable energy (e.g., 
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2 
3-100 ev). If these atoms do not lose a significant frac 
tion of their initial energy in their migration from the 
target to the substrate, they arrive at the substrate sur 
face with sufficient energy to displace absorbed impuri 
ties and to penetrate into the substrate lattice. These 
self-cleaning and penetrating qualities of the sputtered 
atoms give sputtered processed films a superior adhe 
sion quality as compared to thin films that are pro 
cessed by other thin film deposition techniques, such as 
vacuum evaporation. 
The sputtered yield (atoms sputtered per incident 

ion) depends on the energy of the incident ion (yield 
increases with ion energy). Thus, sputtering rate is a 
function of both the rate with which ions impact on the 
cathode surface and the energy of the impacting ions. 
The ion energy and rate of impact is dependent upon 
the rate of ionization in the glow discharge and the lo 
cation of the region of ionization with respect to the 
cathode; that is, it is desirable that ions be produced ad 

20 jacent the cathode so that their most probable behavior 
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is to be drawn to the cathode and not to be lost to the 
walls of the discharge chamber. 
Considering another case where the target is also the 

primary cathode that maintains the gas discharge, the 
ionization in such a discharge is maintained largely by 
the “primary electrons' which are emitted from the 
cathode target surface by the incident ions and by 
photo-emission, an accelerated in the cathode sheath. 
These electrons produce ionization by colliding with 
the neutral gas atoms within the volume of the glow dis 
charge. The mean free path of the primary electrons 
increases with their energy, and thus with the voltage 
applied to the discharge, and varies inversely with the 
gas pressure in the discharge chamber. Hence, when 
discharge is operated at low pressures and high voltages 
(in order to get high ion bombarding energies), the re 
Sulting primary electrons acquire high energies with the 
consequence that they either produce ions at a point 
far from the cathode, or are lost to the walls of the dis 
charge vessel before they produce any ionization at all. 
The ionization process therefore is favored by increas 
ing the gas pressure in the discharge. However, such an 
increase in the pressure reduces the energy of the ions 
impacting upon the target, and more importantly, se 
verely dissipates the motions of the sputtered material 
in its migration to the substrate. As a result, some of the 
basic advantages of the sputtering process are lost. 
Accordingly, an apparatus is desired which permits 

an intense glow discharge to be maintained over the 
target surface at low pressures (such as preferably 
around or less than 10 torr). The prior art suggests, 
for example, a magnetic field to restrict the motions of 
the ionizing electrons (see Kay U.S. Pat. No. 
3,282,815) and a keeper discharge to uncouple the 
production of ionizing electrons from the sputtering 
process (see Moseson U.S. Pat. No. 3,393,142). These 
devices provide significant improvements in perform 
ance and permit discharges to be operated at pressures 
as low as 10' torr. However, they suffer the disadvan 
tage of having planer geometries in which it is found 
difficult to maintain a uniform ion current distribution; 
that is, sputtering rate over the cathode (target) sur 
face. Additional improvements in performance can be 
expected when magnetic fields are used with devices 
having a cylindrical cathode wherein the axis of the 
cathode parallels the field lines. By such means the ra 
dial motion of the primary electrons is restricted and 
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they can be caused to remain close to the cathode sur 
face until a substantial portion of their energy has been 
spent in ionizing collisions with the ambient gas. At the 
same time, by virtue of the geeometrical symmetry, azi 
muthal uniformity of cathode current is achieved. The 
exterior surface of the cylinder may be used as the 
cathode surface or, as is illustrated by the hollow cath 
ode apparatus shown in Kay U.S Pat. No. 3,282,816, 
the interior surface may be used. With either geometri 
cal variant it is found, in practice, that the primary elec 
trons escape from the vicinity of the cathode, moving 
axially, while still carrying a substantial fraction of their 
energy. These "end losses' become increasingly signifi 
cant as operation at lower and lower pressures is at 
tempted and as cathodes of larger and larger diameter 
to-length ratios are employed. 
A primary object of the present invention is to pro 

vide an apparatus which permits maintenance of an in 
tense glow discharge over a cathode, or sputtering tar 
get, at low pressures and which avoids difficulties asso 
ciated with prior art devices, including the end losses 
previously described. One of the principal concepts of 
tre present invention may be stated to be (1) creating 
ar efficient discharge so that a minimum cost is paid 
per ion, (2) creating ions in a region such that a very 
high fraction of the ions are used for sputtering, (3) 
making the plasma discharge over the target surface 
have a distribution which creates a desired geometric 
sCurce of sputtered material. 
The present invention provides a trap for the primary 

eletrons which restricts their motion radially and axi 
al., causing them to remain near the target surface 
until a large fraction of their energy has been expended 
in onizing collisions. The present invention also pro 
victs the trap with an efficient anode contact so that 
the electrons can easily complete the current path once 
their energy has been extracted. With these provisions, 
de: rable operating characteristics are obtained at low 
pressure. The plasma created by the trapped electrons 
essentially defines a cylindrical region about the target. 
Tie trap is achieved by a combination of electron re 
fletion from surfaces at cathode potential, and elec 
t1:... deflection by a magnetic field. In particular, elec 
tri in reflection is used to prevent end losses. As elec 
trc is are injected into the trap their energy is used to 
ma'; 2 ions. Then when the primary electrons have 
giv : h up their energy in making ions they are of no fur 
the value for ionization, but they are of value for main 
tairing current continuity. Therefore it is desirable that 
the nodes be placed in a position so as to intercept the 
turr in such a way as to efficiently collect the low en 
ety electrons without collecting the high energy ones. 

friefly, exemplary embodiments of the concepts of 
th' present invention involve flanged cathode configu 
rat, ns which yield high cathode current densities at 
morate to low voltages and at low ambient gas pres 
sure. Two principal embodiments are disclosed 
whein (a) plasma is generated on the outside of an 
ou" ardly-flanged cylinder, and (b) plasma is gener 
at within a hollow inwardly-flanged cylinder. Both 
a. angements employ a magnetic field whose lines are 
'nerally parallel to the axis of the cylinders or cathode 

l'irrels. The strength of the field can be adjusted to 
infine the plasma to the vicinity of the walls of the 
arrel, essentially in the volume defined by the cylindri 
il surfaces of the barrel on the one hand and the pe 

.iphery of the flanges on the other, so that the majority 
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4 
of the plasma ions are formed near the cathode sheath 
which exists along the cathode surface. Thus, such 
cathodes essentially rely on the simultaneous employ 
ment of magnetic and electric trapping of high speed 
electrons wherein the trap is formed as a consequence 
of intersection of individual magnetic field lines with 
the cathode sheath at two places, and the intersections 
occur within approximate perpendicular disposition of 
the sheath surface and the field lines. That is, essen 
tially three sides of the electron trap are formed by the 
cathode sheath and the fourth side is formed by the 
magnetic field. Good plasma uniformity is obtained as 
a result of the symmetry of the construction. Such cath 
odes are efficient in their operation, and by adjusting 
the magnetic field strength as current is varied, opera 
tion can be achieved over a wide range of current with 
little or no change in required voltage. For purposes of 
sputtering, the surface areas of the cathode are con 
structed of the material to be sputtered (either made of 
the material or plated therewith) and an ambient gas 
with good sputtering characteristics (argon, neon, and 
so forth) is employed, or other gases are used to cause 
reactive sputtering to occur. 
Such devices are useful for generating plasma for 

purposes such as causing cathodic sputtering to etch or 
clean the cathode material, causing cathodic sputtering 
for the purpose of applying metallic or dielectric coat 
ings to stationary or moving surfaces placed near or 
within the generated plasma, and any other use requir 
ing the generation of a plasma or a flux of sputtered 
material. 
Accordingly, it is a principal object of the present in 

vention to provide improved electrode type glow dis 
charge apparatus. 
Another object of this invention is to provide a new 

construction for electrode type glow discharge appara 
tus. 
A further object of this invention is to provide appa 

ratus of the aforementioned type which is capable of 
improved operation. 
An additional object of this invention is to provide an 

improved method of glow discharge. 
A further object of this invention is to provide a sput 

tering device for generating relatively uniform and con 
fined plasma. 
Another object of this invention is to provide a sput 

tering device employing a flanged type cathode oper 
ated with a magnetic field having field lines close to and 
substantially parallel with the barrel of the cathode. 
Another object of this invention is to provide an im 

proved cathode-anode connection. 
A further objedt of this invention is to provide a sput 

tering device which can be readily assembled and disas 
sembled for changing of cathode material or for clean 
ing thereof. 
An additional object of the present invention is to 

provide a sputtering device having a novel placement 
of insulators therein, and within which plastic and/or 
elastomeric materials are not directly exposed to the 
vacuum chamber atmosphere. 
A further object of this invention is to provide a new 

insulation arrangement for glow discharge apparatus. 
These and other objects and features of the present 

invention will become better understood through a 
consideration of the following description taken in con 
junction with the drawings in which: 
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FIG. 1 is a diagramatic elevational view of an elec 
trode type discharge device according to the concepts 
of the present invention positioned within a vacuum 
chamber; 

FIG. 2 is a detailed cross-sectional elevational view 
of a discharge device according to the concepts of the 
present invention; 
FIG. 3 is a diagramatic elevational view of a modified 

form of a discharge device according to the present in 
vention, 

FIG. 4a is a cross-sectional elevational view of an 
other form of discharge device according to the present 
invention, and FIG. 4b is an end view thereof; 
FIGS. 4c and 4d are enlarged fragmentary views 

showing more detail of the device of FIG. 4a and modi 
fications thereof; 

FIG. 5a is a cross-sectional elevational view of an 
other form of discharge device according to the present 
invention, and FIG. Sb is an end view thereof; and 
FIG. 5c is an enlarged fragmentary view showing 

more detail of the device of FIG. 5a and modifications 
thereof. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
General Description 

Turning now to the drawings and first to FIG. 1, the 
same illustrates in diagramatic form a conventional 
vacuum chamber 10 having mounted therein an elec 
trode type discharge device 12 according to the present 
invention. This FIG. principally depicts a physical ar 
rangement of the discharge device 12 within the vac 
uum chamber 10, the particular construction of the dis 
charge device 12 being illustrated in FIG. 2 and dis 
cussed subsequently. 
The discharge device 12 includes a "spool type' 

"winged" or "flanged" cathode 14 mounted within the 
chamber 10 and held by supporting means 15. The 
cathode 14 has an upper wing or flange 14a and lower 
wing or flange 14b. An annular anode 16 is disposed 
about the upper flange 14a of the cathode 14, and is 
supported by two or more hollow spacers, 17, such as 
attached to the cover of the vacuum chamber 10. A 
magnetic field is formed in the region over the surface 
of the cathode through the use of two magnetic field 
coil windings. One coil winding is disposed within the 
cathode 14. The other coil winding 21 is disposed 
about the outer wall 22 of the vacuum chamber 10. The 
field windings provided by the external field coil 21 
typically extend from slightly above to slightly below 
the cathode flanges 14a-14b. These coils provide a 
suitable resultant magnetic field with field lines close 
and parallel to the cathode barrel, such as is indicated 
by field lines 23 and which will be discussed in more de 
tail later. The chamber 10 has a suitable gas therein, 
such as argon, and is evacuated to provide a low pres 
sure environment. 
Both the cathode 14 and the anode 16 are hollow, 

and a source of cooling water supplied through suitable 
lines 25a-25c is coupled with the apparatus for supply 
ing cooling water through both the cathode 14 and 
anode 16. A combined high voltage and field power 
supply 27 is illustrated, it being understood that typi 
cally two separate supplies are used. This voltage 
source 27 is connected with the cathode 14 for supply 
ing a negative voltage thereto with the anode 16 
grounded, and for supplying power to the coils 20 and 
21. The lower end of the vacuum chamber 10 includes 
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6 
a pipe 29 which may be coupled through a valve to a 
vacuum pump (not shown) in a conventional manner. 
A substrate 31 is shown disposed within the vacuum 

chamber 10 to allow sputtering of a coating or plating 
thereon. The substrate 31 may be positioned in any 
convenient location between the cathode barrel and 
the side wall of the chamber 10 to apply a coating 
thereto as a result of sputtering from the cathode 14 as 
will be described in greater detail subsequently. The 
substrate may be held or mounted in position in any 
suitable manner. Portholes (not shown) or other cov 
ered openings can be provided in the outer wall 22 of 
the vacuum chamber 10 to allow access to the interior 
of the chamber 10 for observation, insertion, position 
ing, and removal of the substrate 31. 

Detailed Description 
Turning now to a discussion of the praticular details 

of the construction of an electrode type discharge de 
vice 12, an exemplary device of this nature is illustrated 
in FIG. 2 for sputtering a desired material, such as 
chromium, onto a substrate. The construction and 
components will first be described, followed by a dis 
cussion of the particular features and advantages 
thereof. 
The discharge device 12 which is illustrated in FIG. 

2 is shown attached to and depending from the top 
cover 18 of the vacuum chamber 10, this chamber typi 
cally being constructed of a non-magnetic metal, such 
as aluminium. The cathode 14 is attached to the sup 
port means 15 which is secured to the cover 18. Con 
sidering first the construction of the cathode 14, the 
same includes a cylindrical pipe or barrel 40 either 
formed of or plated with the material desired to be 
sputtered. An example of a suitable material is non 
magnetic stainless steel with the exterior of the cathode 
barrel being chromium plated for sputtering chromium 
onto a substrate, The cathode 14 also includes the 
upper and lower wings or flanges 14a and 14b, each 
typically being of two-part construction to facilitate 
disassembly. 
The top flange 14a includes a lower section 42 and 

an upper section 43. These sections are coupled to 
gether by means of a plurality of screw fasteners 44, 
and are sealed by an O-ring 45 to thereby form the 
upper cylindrical wing or flange 14a. This flange 14a 
includes an internal cavity 47 for receiving cooling 
fluid, such as water. The bottom flange 14b is of similar 
construction and includes upper and lower sections 52 
and 53. These two sections are secured together by a 
plurality of screw fasteners 54, and are sealed by means 
of an O-ring 55. A similar cavity 57 is formed between 
the sections 52-53 for receiving cooling water. Prefera 
bly, the sections 42 and 52 are formed of non-magnetic 
metal, such as stainless steel plated with chromium 
(where chromium is to be sputtered), and the sections 
43 and 53 are of magnetic metal, such as stainless steel. 
The choice of non-magnetic and magnetic materials as 
noted herein is preferred from the standpoint of their 
effect on the magnetic field lines, but is not mandatory. 
The use of magnetic and non-magnetic metals for the 
various parts aids in providing a magnetic field with 
field lines close and parallel to the barrel 40 of the cath 
ode 14. 
The wings 14a and 14b are secured to the barrel 40 

by a plurality of tie rods 59, and O-rings 60 and 61 pro 
vide seals. An annular chamber 62 exists within the 
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barrel 40 for receiving cooling water through an annu 
lar aperture 63 in the lower section 42 of the top flange 
14a. A similar annular aperture 65 is provided in the 
upper section 52 of the bottom flange 14b. The upper 
section 43 of the top flange 14a includes a pair of annu 
lar spacer rings 67a and 67b, and an O-ring 67c dis 
posed in the groove formed thereby to suitably space 
an upper insulator 70, of glass, pyrex, ceramic, quartz 
or other suitable material, from the upper surface of 
the upper section 43 of the top cathode wing 14a, indi 
cated as annular gap or groove 71 for reasons which 
will be described in greater detail subsequently. 
As noted earlier, the barrel 40 of the cathode 14 is 

either formed of, or plated with, the material to be 
sputtered. Depending upon the purity of the sputtered 
coating desired, the lower section 42 of the top flange 
14a and the upper section 52 of the bottom flange 14b 
may or may not be of similar material or similarly 
plated. If a high purity coating is desired, the sections 
42 and 52 should be of the material (or coated there 
with) desired to be sputtered, although the major sput 
tering occurs from the cathode barrel 40 rather than 
the flanges 14a-14b. On the other hand, the sections 42 
and 52 can be of other materials as long as a slight 
amount of contamination therefrom can be tolerated in 
the resulting coating. The latter simplifies changing of 
the apparatus for sputtering different coatings inas 
much as only the cathode barrel 40 needs to be 
changed. Furthermore, the barrel 40 can be of standard 
pipe size, and is but a cylinder, thereby allowing the use 
of standard pipe material for the barrel. 
Turning now to the internal field assembly 20, the 

same includes a spool 76, which may be of magnetic 
stainless steel, having a cylindrical barrel 77 and upper 
and lower wings 77a and 77b, respectively. The wings 
77a and 77 b are secured to the barrel 77 by means of 
a plurality of screw fasteners 79 and 80. Rings 82 and 
83 of plastic are disposed about the barrel 77 near the 
ends thereof, and a coil 85 of a plurality of turns of wire 
is disposed about the barrel 77 in between the rings 
82-83. The wire may be insulated copper wire with one 
end (not shown) electrically connected to the barrel 
77. The other end 86 thereof extends through a hole in 
the lower end of the barrel 77. The end 86 preferably 
is flexible and is fed through a central internal chamber 
87 in the barrel 77 and upwardly through a hole 88 in 
a support tube 89 of the support means 15. Preferably, 
the internal field winding 85 has more turns near the 
ends thereof, that is, near the rings 82 and 83, to pro 
vide a more uniform magnetic field. 
The internal spool 76 is supported within the cathode 

14 by attaching the upper wing 77a of the spool 76 at 
a plurality of points 92 (only one being seen) to the 
inner surface of the upper section 43 of the top cathode 
flange 14a. The spool 76 also is supported and attached 
by means of a screw fastener 94 at the center of the 
inner surface of the lower section 53 of the bottom 
cathode flange 14b. This construction (particularly fas 
tener 94 couples section 53 to the wing 77b) prevents 
outward bowing of the cathode wings caused by the 
high internal pressure (of cooling fluid above atmo 
spheric pressure) within the cathode and the external 
low pressure within the vacuum chamber 10. The lower 
wing 77b of the spool 76 has a plurality of apertures 95 
therethrough for return of cooling water through the 
central chamber 87 to the exterior of the entire assem 
bly as will be explained later. 
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8 
Turning now to the construction of the anode 16, the 

same includes a lower and upper annular sections 100 
and 101, which may be of non-magnetic stainless steel, 
coupled together by means of a plurality of screw fas 
teners 102 and 103 disposed around the sections. The 
sections are sealed together by means of inner and 
outer O-rings 105 and 106 to form an internal annular 
cavity 108 for receiving cooling water. The lower sur 
face of the lower section 100 includes a plurality of an 
nular grooves 110. The anode 16 is close to but spaced 
from the upper flange 14a of the cathode 14 as indi 
cated at 1 12. 
The anode 16 is held in position by two supports 17 

connected to the upper cover 18 of the vacuum cham 
ber 10, only one such support being shown. Both of 
these supports are alike and provide a ground connec 
tion for the anode to the cover 18, and one provides a 
cooling water inlet and the other provides a cooling 
water outlet. The support 17 includes a coupling 114 
secured to the upper section 101 of the anode 16 by 
screw fasteners and sealed therewith by means of an O 
ring. The support 17 further includes a tube 115 which 
may be silver soldered to a flange 116 which is con 
nected with the spacer 114 by means of a plurality of 
screw fasteners and sealed therewith by means of an O 
ring. The upper end of the tube 115 extends through an 
opening in the cover 18 of the vacuum chamber 10 and 
is secured thereto and sealed therewith by a threaded 
compression fitting 119 (which may include an internal 
O-ring, not shown), O-ring 120, cover plate 121, and 
one or more screw fasteners 122. It will be appreciated 
by those skilled in the art that the support 17 may be 
insulated from the vacuum chamber 10 so as to allow 
the anode 16 to be operated at a voltage other than at 
ground, but as shown and described the anode 16 oper 
ates at ground. The support 17 includes an interior pas 
sageway 124 for enabling cooling water to be supplied 
to the cavity 108 within the anode 16 and water return 
is through the second support (not shown). 
Additional support for the anode 16 may be provided 

by means of a plurality of arms 126 (such as four, only 
one being shown) of metal, one end of which is fas 
tened to a lower flange 127b of a top cap 127 of the 
support means 15 and the other end of which is at 
tached through a spacer 128 ot the upper section 101 
of the anode 16. These arms also provide a ground con 
nection to the anode. 
Turning now to a discussion of the support means 15, 

the same includes the top cap 127 noted avove. This 
cap has an upper flange 127a secured to the underside 
of the top cover 18 of the vacuum chamber 10 by 
means of a plurality of screw fasteners 131. The cap 
127 includes a lower flange 127b, and the upper insula 
tortoissandwiched between this lowerflange 127b and 
sealed therewith by an O-ring 132 and the rings 
67a-67b and O-ring 67c on the upper surface of the 
upper section 43 of the top cathode flange 14a. The 
cap 127 and support tube 89 may be formed of non 
magnetic stainless steel. An internal stem or lead-in in 
sulator 134, which may be formed of plastic such as 
that sold under the tradename Lexan, is mounted 
within the cap 127, and has a lower cylindrical end en 
gaging and fitting in an aperture 135 in the insulator 70. 
The support tube 89 has a lower end threaded into 

the upper wing 77a of the inner spool 76 and has a 
flange 136 engaging and sealed with the upper surface 
of the upper section 43 of the top cathode flange 14a. 
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The support tube 89 extends upwardly through the in 
sulator 134, and has an upper threaded end to which a 
main nut 140 and a nut 41 are secured. A thrust bear 
ing 144 and bowed spring washer 145 are mounted 
about the upper end of the support tube 89 between an 
upper surface 146 of the insulator 134 and the bottom 
surface of the main nut 140. The spring washer 145 is 
used to take up thermal expansion and contraction. 
As will be apparent from FIG. 2, the main nut 140 se 

cures the cathode 14, along with the intermediate 
upper insulator 70, to the support means 15. In this 
manner, the threaded lower end of the support tube 89 
coupled with the upper wing 77a of the spool 76 com 
presses together the top cathode wing 14a, upper insu 
lator 70, top cap 27 and insulator 134. In this manner 
lower cylindrical shoulder 149 of the insulator 134 
abuts the upper inner edge of the lower flange 127b of 
the cap 127 and provides the principal holding stress 
compressing together the upper rings 67a, 67b of the 
top cathode wing 14a and the lower surface of the 
lower flange 127b of the top 127 in a tightly abutting 
and sealed relationship with the respective surfaces of 
the upper insulator 70. The O-rings 67c and 132 on the 
top cathode wing 14a and lower flange 127b of the top 
127 provide a seal. The insulator 134 is not exposed to 
the vacuum within the chamber 10. It is preferable that 
no plastic or rubber material be exposed to the vacuum 
within the chamber 10 because of the possibility of out 
gassing from such materials which would in turn con 
taminate the atmosphere within the vacuum chamber 
O. 
A top fitting 152, which may be formed of brass, is 

attached to the upper end of the support tube 89 by 
means of a plurality of screw fasteners 153 attached to 
the upper nut 141, and a seal is provided by an O-ring 
154. The upper end of the internal field coil lead 86 ex 
tends up through the fitting 152, and is sealed by a 
compression fitting 155. The fitting 152 includes an 
inlet chamber 156 for receiving cooling water, which 
may be tap water at room temperatue and approxi 
mately 40 psi. This chamber 156 communicates with an 
inlet chamber 157 in the support tube 89 which has a 
plurality of holes like 158 at the lower end thereof com 
municating with the cavity 47 within the top cathode 
flange 14a. The tube 89 also includes the outlet passage 
88 which communicates with an outlet passage 60 of 
the fitting 152. A suitable seal for the inlet and outlet 
passageways 156 and 160 with respect to the passage 
ways 157 and 88 in the tube 89 may be provided by re 
spective seals at the junctions of the respective passage 
ways such as seals of Teflon. 
The cooling water flows to the inlet line 25a and from 

the inlet passageway 156 of the fitting 152 through the 
passageway 157 in the tube 89 to the cavity 47 in the 
top cathode flange 14a, and is deflected around the 
upper wing 77a of the spool 76. Tap water rather than 
purified water, can be used because the apparatus can 
be readily disassembled for clcaning of the passages 
and cavities thereof. The cooling fluid exits the top 
cathode flange 14a through the annular aperture 63, 
and flows into the chamber 62 within the cathode bar 
rel 40 and into the cavity 57 in the bottom cathode 
flange 14b. The fluid flows around the loweer wing 77b 
of the spool 76 and up through the holes 95 into the 
central chamber 87 in the spool barrel 77. The wings 
77a and 77b form baffles which direct the water in a 
manner to properly cool the cathode flanges 14a and 

O 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
14b. The fluid then flows through the outlet passage 
ways 88 of the tube 89 and to the outlet passageway 
160 of the fitting 152. It should be noted that the con 
struction of the apparatus shown in FIG. 2 provides a 
reliable apparatus with minimum chance of leakage of 
cooling water. 
A length of plastic tube (not shown) may be con 

nected between the outlet passageway 160 of the outlet 
line 25b of the fitting 152 and the inlet line 25c of the 
tube 115 to provide cooling fluid to the cavity 108 of 
the anode 16. A return path from the anode cavity 108 
can be provided by a second support 17 as noted ear 
lier. The connection between the lines 25b and 25c is 
of plastic material to insulate the cathode from the an 
ode, and typically approximately lO feet of plastic tube 
is suitable. 
The assembly of FIG. 2 finally includes a bottom sec 

tion having a lower insulator 164 formed, for example 
of the same material as the upper insulator 70. THe in 
sulator 164 is sandwiched between a non-magnetic 
(such as aluminium) bottom cap 165 and the bottom 
of the lower section 53 of the bottom cathode flange 
14b. A plastic insulator 166, formed of the same mate 
rial as the insulator 164, is screwed into the section 53, 
and the cap 165 is screwed into the insulator 166. O 
rings 167 and 168 provide a seal with the insulator 164, 
and the arrangement shown forms a long, narrow, an 
nular gap 171 similar to the gap 71 between the upper 
insulator 70 and the top of the top cathode flange 14a. 
The various O-rings used may be of any conventional 
material such as Witon. 
Turning again to the insulator 70, and the insulator 

164, wherever there is metal-to-insulation contact, 
wherein the metal is at or near the potential of the cath 
ode (or at least significantly away from the potential of 
the anode), a long and narrow slot or gap is provided, 
such as gap 71 at insulator 70 and gap 171 at insulator 
164, with the gap being perpendicular to the magnetic 
field lines. This arrangement prevents the sputtered 
material from working its way along the gap and coat 
ing the surface of the insulator facing the gap which ul 
timately in turn would provide a conductive path and 
thus a short circuit. The magnetic field lines are indi 
cated at 172 and it will be noted that the annular gaps 
71 and 171 are perpendicular thereto. The field lines 
across the gaps 7i and 171 are parallel to the field lines 
172. The perpendicular magnetic field lines keep elec 
trons from passing into the gap and creating ionization 
therein. A similar long gap is not necessary between the 
bottom cap 165 and the lower insulator 164 inasmuch 
as the area of the bottom cap 165 is bathed in plasma 
and this cap is essentially at the potential of the anode. 
During operation, there is a sheath 173 adjacent the 

cathode barrel 40. This sheath also extends, in effect, 
to annular slot 112 between the flange 14a and anode 
16. Normally, with such a small gap 112, it would be 
expected that a lot of current would flow across the gap 
between cathode and anode and cause a short circuit; 
however, this does not occur because the sheath ex 
tends up to and encompasses the gap 112. 
Furthermore the anode 16 is not closed at the back. 

In some prior constructions, the upper portion of the 
anode extends radially inwardly forming a gap between 
the anode and the upper surface of the top section 43 
of the top cathode flange 14a (that is, in the vicinity of 
annular space 71). Were this to be done, local out 
gassing may raise the pressure in the gap and make the 
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gap region vulnerable to arching. Once arcing starts, 
the local pressure is further increased, which in turn 
causes more out-gassing and arching thereby resulting 
in a larger local pressure and ultimately a short circuit 
between the anode and cathode because of this action. 
In the construction illustrated in FIG. 2 without such a 
tortuous path, any such out-gassing or arcing that may 
occur at the annular gap 112 between the anode 16 and 
top cathode flange 14a, will then merely disappear into 
the general vacuum system. Furthermore, the annular 
gap 112 is parallel to the magnetic field lines 172, but 
the field lines across this gap are perpendicular to the 
lines 172 and thus prevent plasma from entering the 
gap 112 and arcing thereacross. 

If reactive sputtering were being performed, for ex 
ample, where oxygen is entered into the sytem and ox 
ides of the sputtered metal are formed, the lower face 
of the anode could become covered with an oxide. 
Such an oxide is an insulator which in turn would de 
grade the performance of the anode. A further and sub 
stantial improvement can be provided by forming the 
deep and close together grooves 110 in the bottom sec 
tion 100 of the anode 16. These grooves essentially 
form a barrier to prevent a continous coating of the 
bottom of the anode. The sputtered material moves 
from the cathode barrel 40 in the low pressure environ 
ment in a line-of-sight path. Although the sputtered 
material can land on the lower surface of the anode and 
outer sides of grooves, it cannot land in the bases and 
on the inner sides of the grooves 110 because of the 
line-of-sight movement of the sputtered material. Thus, 
the bottoms of the grooves 110 are not coated with 
such oxide and no continuous coating occurs, and a 
good anode connection is maintained even when oxides 
are involved. The general adherence of coatings to the 
anode can be improved by bead blasting its surface. In 
this way flaking and peeling of the coatings can be 
avoided. 
Electrode discharge devices according to the con 

cepts of the present invention for sputtering and other 
uses have a number of benefits and advantages, in addi 
tion to those already noted, over prior devices of this 
nature. Such advantages are discussed below, and al 
though there is some inter-relationship and interaction 
between the various advantages, the order in which 
they are discussed is not necessarily in order of impor 
tance. 
As mentioned previously, one of the principal advan 

tages is that relatively low operating pressures can be 
used with apparatus constructed in accordance with 
the teachings of this invention. The use of relatively low 
pressures result in an essentially straight line emission 
and hence a line-of-sight sputtering onto a substrate. 
Some of the practical implications of this will now be 
discussed. Where high operating pressures are in 
volved, such as in typical prior art apparatus, the sput 
tered material becomes gas scattered and tends to 
move in other than a line-of-sight direction. As a conse 
quence, some of the sputtered material is turned back 
to the cathode and the deposition rate is reduced. In 
addition, the scattering causes coating not on a particu 
lar surface of a substrate facing the cahtode, but also 
the sides and back thereof depending upon the mount 
ing position of the substrate. As an example, four sub 
strates may be mounted on a rotatable post and coated 
by the present apparatus, by coating one substrate, ro 
tating the post and coating the next substrate, and so 
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12 
forth, without getting any significant gas scattering of 
the sputtered material (which would case with higher 
pressures) and therefore some coating of the substrates 
other than the one facing the cathode. 

Additionally, the use of relatively low pressures al 
lows a large area of deposition. That is, the mean free 
path or average length of collisionless line-of-sight mo 
tion of the sputtered material varies inversely with the 
pressure so that a sputtering system such as the em 
bodiment described above, which can be operated at 
relatively low pressures, permits substrates located at 
large radii to still see the line-of-sight flux of coating 
material discussed above. Thus, this invention permits 
the use of large chambers with the attendent large de 
position areas. An exemplary radius of the vacuum 
chamber for apparatus according to the present inven 
tion is eighteen inches, but the operating pressure 
could be made low enough so the chamber size can be 
increased to place the substrates thirty inches or so 
away from the cathode without undergoing serious de 
partures from the line-of-sight flux of the sputtered ma 
terial. With 3 to 6 inch diameter cathode barrels satis 
factory stable operation can be obtained for pressures 
ranging from 10 torr to in excess of 5X10 torr. A 
pressure of 3X10 torr appears to be optimum. If the 
cathode is as long as the substrate is away from it there 
does not appear to be any gain in making the cahode 
longer, other than to accomodate longer or larger sub 
strates. An examplary length for the barrel 40 for the 
cathode 14 is from several inches to substantially 
longer, and a reasonable exemplary length is 24 inches. 
Satisfactory stable operation can be obtained for cath 
ode current densities ranging from 0.1 to greater than 
15 milliamperes per square centimeter. 
Finally, since this invention permits operation at such 

low pressures that sputtered material from all points 
along a cathode length can reach a given substrate posi 
tion with line-of-sight trajectories, it is possible to ana 
lytically predict with considerable accuracy what the 
influence would be of baffles placed between the cath 
ode and the substrate. Accordingly, such baffles can be 
used to deposit coatings with controlled gradations in 
coating thickness and to extend the substrate area over 
which uniform coating thicknesses are obtained. A 
good trap is formed according to the present invention 
between the cathode barrel 40 and flanges 14a-14b as 
indicated by the field lines 172 in FIG. 2. As noted ear 
lier, it is desired that the field lines 172 be close and 
substantially parallel to the cathode barrel 40. This is 
accomplished, for example, by adjusting the current in 
internal and external field coils, and by the choice of 
magnetic and non-magenetic metals as noted earlier. 
Another particularly important advantage is that the 

system is scalable. That is, the diameter and particu 
larly the length of the cahtode can be readily changed 
while still obtaining satisfactory operation in an essen 
tially unchanged fashion. The cathode barrel 40 forms 
a quasi line source and thus, can readily be increased 
in length with a minimum of other changes. For exam 
ple, the cathode barrel 40 may be from an inch or less 
long and up to ten or more feet long. The diameter may 
be 1/10 inch (such as where the cathode barrel is wire 
as will be discussed in connection with a discussion of 
FIGS. 4 and 5) and up to 6 inches in diameter and even 
larger. An exemplary size for coating of relatively small 
substrates is a barrel radius of 2 and % inches, length 
of 16 inches, flange radius of 4 inches, and with an op 
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erating voltage of approximately 850 volts anada field 
strength in the trap of 40 gauss. 
Another advantage is the ability to operate with a rel 

atively low voltage between the cathode and anode re 
sulting in two benefits. First, the sputtering yield 
(atoms sputtered per incident ion) increases less than 
linearly for higher ion energies. Thus, for a given power 
input more sputtering is obtained at low voltage opera 
tion than at high voltage operation. Second, low volt 
age high current operation means that high power lev 
els can be delivered to the sputtering equipment with 
out costly insulation problems in the design of the 
power supplies and the sputtering equipment per se. 
Although it depends on the cathode material, the typi 
cal operating voltage range is from about 500 to 1000 
volts, and normally is approximately 850 volts for the 
apparatus illustrated in FIG. 2. The pressure can be in 
creased, such as two to three times without significantly 
affecting the operating voltage. 
A further advantage is that the operating current is 

proportional to the operating voltage raised to a large 
power. This is, current l is proportional to V", where n 
is approximately 5 to 7. Thus, a small change in voltage 
gives a large change in current. 
Another principal advantage of the present invention 

is that a good "anode connection' can be provided. 
This is a function of several facets of the present inven 
tion, including the flanged cathode construction and 
the ability to operate at relatively low pressure. 
Through the use of low operating pressures, it takes a 
longer time for an electron to jump or move across field 
lines. Normally, electrons move up and down field lines 
around the cathode barrel within the trap, and when 
they get to a cathode flange, the electrons are deflected 
back in the opposite direction. Because of this action, 
the electrons remain in the trap for a relatively long 
time. Electrons do, of course, move across field lines as 
a result of collisions and the like and although this ac 
tion is random, the net result is an outward movement 
of electrons. 
The term "good anode connection' is used with ref. 

erence to placement of the anode 16 with respect to the 
flange 14a such that when an elctron gets on a field line 
not intersecting the flange, the electron will be inter 
rupted by the anode as soon as possible (or as close as 
possible to the cathode flange after the electron moves 
radially outward to a position such that it will not inter 
sect the cathode flange). The result is that there is al 
most no voltage drop from plasma to anode and, thus, 
almost all of the applied voltage is being used advanta 
geously. This operation is enabled through the rela 
tively close position of the annular anode 16 with re 
spect to the flange 14a, and a relatively small gap 112, 
so that the anode can intercept such electrons as soon 
as tehy move outwardly a radial distance past the radius 
of the cathode flange 14a, If the anode were positioned 
radially outward from the barrel 40, the electrons 
would have to hop across many field lines before reach 
ing the anode thereby resulting in a large voltage drop 
between anode and plasma. 
Additionally, the diameter of the lower cathode 

flange 14b preferably is slightly greater than the diame 
ter of the upper cathode flange 14a so that electrons 
getting on a field line past the periphery of the upper 
flange 14a will move to and be intercepted by the 
anode 16 before they are lost past the bottom flange 
14b. If the anode 16 were not in the position as shown 
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14 
in FIG. 2, such electrons would move upwardly and in 
tercept the vacuum chamber wall 18 which, since it is 
grounded, can serve as an acceptable anode. On the 
other hand, the cathode 14 will operate successfully 
without the anode 16 positioned as shown, and, in fact, 
the vacuum chamber can serve as the anode. However, 
electrons would move downwardly, for example, to 
ward the vacuum pump for the chamber and adversely 
effect (e.g., decompose) the vacuum pump oil, and 
plasma would be generated wherever the electrons go 
resulting in generating heat and ions in unwanted 
places rather than maintaining the plasma about the 
cathode barrel 40 and essentially within a peripheral 
boundary defined by the periphery of the cathode 
flanges 14a-14b. It is desirable for the plasma to hug 
the cathode and to be in the region to be sputtered and 
nowhere else. Although there is a slight bulge to the 
plasma in practice, it essentially exists in the desired 
sputtering region and nowhere else with the construc 
tions according to the present invention. This results in 
a very clean sputtering system without spurious dis 
charges. 
An additional advantage is that substrate heating is 

held to a minimum because there is very small substrate 
radiation and plasma bombardment. This results be 
cause the plasma is contained around the cathode. 
Therefore, the apparatus can be used with substrate 
materials that melt or off-gass easily, and also, with the 
apparatus there is not significant modification of the 
structure of substrate materials because of electron 
bombardment. On the other hand, electron bombard 
ment can be achieved if desired by turning off the mag 
netic fields. 
Another advantage is that excellent water cooling of 

both the cathode and anode can be easily achieved. 
This permits the apparatus to be scaled to very high 
current densities. 
A further advantage is that the overall system is elec 

trically very stable. Devices of the nature shown in FIG. 
2 have been operated for many hours, such as eight, 
with only two or three per cent drift. Once the operat 
ing voltage, current and pressure are set, they do not 
vary significantly with time. 
An additional advantage is that the cathodes may be 

provided at low cost. Although this is true for certain 
post type cathodes of the prior art, this advantage is still 
retained even with the flanged type cathode construc 
tion of the present invention. Additionally, the cathode 
assembly may be readily taken apart for change of the 
barrel material 40 for cleaning of the cooling water pas 
sages therein. This also means that it is not necessary 
that a "spool" shape be machined in order to provide 
the flange cathode construction. 
A further advantage is that the insulators 70 and 164 

appear to last indefinitely, principally because of the 
provision and arrangement of gaps 71 and 171. 
Also, with the arrangement illustrated in FIG. 2 for 

example, the only materials exposed to the vacuum 
within the chamber are metals and the insulators 70 
and 164 which typically are formed of pyrex, ceramic, 
quartz and the like. Thus, there are no elastimers or 
plastics exposed to the vacuum which could cause out 
gassing problems, 
An additional advantage is the ability to provide a 

stable current density over a large area. The uniformity 
of the spurttering material is thus good over a large 
range of current density, for example up to 15 ma/cm 
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and down to 0.1 ma/cm. The current density is a func 
tion of total current divided by the cathode area carry 
ing current, the latter being determined by observing 
the sheath 173. 
Another advantage is that improved results can be 

obtained by bead blasting parts of the cathode assem 
bly. This is particularly important with respect to the 
outer surface of the upper flange 14.a facing the annular 
space 112 and the anode 16. Inasmuch as these sur 
faces will ultimately obtain a coating thereon, the bead 
blasting thereof helps the coating to adhere thereto so 
that the resulting coating will not peel and contaminate 
the system. 
The operating voltage V may be considered to be an 

index of discharge efficiency, and may be expressed as 

E. 
y ele 

Where E = the average energy expended to form one 
ion by an electron. 

y (gamma) = ion-electron secondary emission coeffi 
cient due to ion bombardment for the cathode mate 
rial, 
e (epsilon) = the fraction of electron energy lost in 

the trap, and 
e = fraction of ions which reach the cathode. 

E is a function of the characteristic of the gas being 
used. In the case of argon, for example, it is approxi 
mately 30 electron volts (ev) per ion. Gamma for an 
argon environment is approximately 0.1, that is, one in 
ten ions hitting the cathode creates one electron to be 
emitted into the plasma, with the remainder being lost 
in the metal of the cathode, and so forth. These emitted 
electrons are accelerated in the cathode sheath and ac 
quire an energy approximately equal to the applied 
voltage V. As these electrons are trapped and lose en 
ergy, they create plasma, which in turn creates more 
ions, which in turn causes sputtering and creates more 
electrons, and so forth. If the trap provided by the mag 
netic field is very efficient, e, is unity (1) and all elec 
trons are trapped until they lose all energy. Some ions 
will drift out of the plasma and some will be pulled to 
the cathode and, thus, e. will not normally be unity. 62 
is the fraction of the ions pulled to the cathode, and va 
ries from a minimum of zero to a maximum of one. 
With a perfect trap, the product of e, times E2 is unity, 
in which case the operating voltage would be 300 volts 
for a perfect system. In the present exemplary system, 
the operating voltage is approximately 800 and thus the 
the product of e, times e is approximately 0.3 which 
indicates an efficiency of 30 percent. In the hollow 
cathode systems to be discussed subsequently, the 
"wrap-around" geometry favors a high E1 Conse 
quently, typical operating voltages are about 400 volts 
and the product of Exe, is 0.75. 
Returning again to the FIG. 2 type construction, it is, 

of course, desired that e, and ea be high and close to 
one. This is accomplished by having an efficient trap, 
as noted above, and disposition of the trap as close as 
possible to barrel of the cathode. Thus, the creation of 
an efficient discharge makes E, closer to one, and cre 
ation of ions as close as possible to the cathode so that 
a large number are close to the cathode makes e. closer 
to unity. Gamma, as noted, is sensitive to the gas envi 
ronment used and is approximately 0.1 for argon. Ei 
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16 
changes with the gas used, but typically is approxi 
mately 30 ev?ion as noted above for typical gasses used 
for sputtering. In the usual prior sputtering apparatus, 
the applied voltage is approximately 3,000 volts neces 
sitating great care in providing proper insulation. On 
the other hand, with the use of lower voltages (such as 
800 to 850 volts), as is possible with apparatus accord 
ing to the present concepts, the insulation problems 
with respect to both the cathode and a power supply 
therefor are substantially minimized. 
Examples of substrates and other materials to be 

coated are well known to those skilled in the art. An ex 
ample is the application of metal coatings on glass such 
as glass sheets of various size, for example, 2 inches by 
2 inches, 12 inches by 14 inches, and so forth. If de 
sired, a mask can be positioned in front of the cathode 
barrel 40, radially disposed therefrom, to improve the 
uniformity of the deposition over a large area or to pro 
vide selective non-uniformity. This masking is facili 
tated by the ability to use relatively low pressures 
within the chamber thereby resulting in the line-of 
sight coatings. Other examples of coatings are chro 
mium, stainless steel, titanium, and so forth, on glass 
and the resulting article is then etched in a conven 
tional manner for optical uses, and an exemplary coat 
ing of this nature is one of chromium 650 A thick. 
Other examples include applying a flash coating of cop 
per to 6 inch by 6 inch sheets of alumina where the 
flash coating is approximately 5,000 A thick to provide 
an underlayer for subsequent plating. 
Although both an internal and external magnetic 

field are provided with the apparatus of FIG. 2, it will 
be appreciated that either one or both can be used, par 
ticularly when appropriate materials are selected for 
the components and with or without the use of mag 
netic plates for affecting the field lines. As noted ear 
lier, it is particularly desirable that the field lines be 
close to and essentially parallel to the cathode barrel 
40. This can best be accomplished through the use of 
both an internal field and an external field, wherein 
both can be adjusted to achieve the desired resultant 
field. Then, when it is necessary to adjust the field 
strength, both fields can be adjusted together while still 
maintaining the proper disposition of the field lines 
with respect to the cathode. 
As to the strength of the field, it is desirable that the 

same be at least strong enough so that an electron on 
its first pass from the cathode barrel does not pass radi 
ally outside of the cathode flange area. As an example, 
with flanges having a radius of approximately 4 inches, 
a cathode having a radius of approximately 2% inches, 
and an operating voltage of approximately 800 volts 
with the apparatus of FIG. 2, the minimum field B is ap 
proximately 30 gauss in the trap resulting from both the 
internal and external fields. However, typical operation 
with the apparatus of FIG. 2 as noted above is prefera 
bly around 40 gauss. (The apparatus of FIG. 4 which 
will be discussed subsequently, typically is operated 
with 100 to 300 gauss.) The field windings of the exter 
nal field 21 seen in FIG. 1, and used with the apparatus 
of FIG. 2, preferably extend just above and just below 
the upper surfaces of the cathode flanges 14a-14b as 
noted earlier. 
As will be apparent to those skilled in the art, the 

field resulting from the internal coil 85 will be bowed 
outwardly from the cathode barrel 40; whereas the 
field from the external coil 21 will be bowed inwardly 
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toward the cathode barrel, particularly with the cath 
ode materials used for the apparatus of FIG. 2 as de 
scribed previously. The field lines from the field result 
ing from the external field coil 21 will be almost per 
pendicular to the cathode barrel 40 as such lines leave 
and re-enter the barrel. By relatively adjusting the two 
fields, the radial component of the inner field can be 
cancelled by the radial component of the outer field. 
This can be determined through the use of a gauss 
meter to detect the radial fields, and then the fields ad 
justed to eliminate the radial component. This will re 
sult in field lines 172 in the trap area (between the pe 
riphery of the cathode barrel 40 and an outer imaginary 
cylindrical space defined by the outer face of the cath 
ode flanges 4a-14.h) which are substantially parallel to 
the cathode barrel 40 and very close thereto. If it is not 
desired to employ an internal field, preferably the cath 
ode and any interior components are made of non 
magnetic material so as to minimize the effect thereof 
on the external field. An example of this latter modifi 
cation is shown in FIG. 3 and is discussed below. 
FIG. 3 diagramatically illustrates another form of the 

present concepts involving the use of a cathode-anode 
structure similar to that of FIG. 2, but without an inter 
nal field coil and with a modified form of vacuum 
chamber. In the arrangement of FIG. 3, there is shown 
a cathode 185 similar to the cathode 14 of FIG. 2 and 
an anode 186 similar to the anode 16 of FIG. 2. The 
choice of magnetic and non-magnetic materials for the 
device of FIG. 2 is not critical but the particular selec 
tion discussed earlier aids in maintaining the field lines 
parallel to the cathode barrel 40. In the embodiment of 
FIG. 3, however, the cathode 185 should not include 
any internal spool of magnetic material and field wind 
ing such as 76 and 85, respectively, of FIG. 2, and both 
the cathode 185 and anode 186 are formed of non 
magnetic metal so as to prevent deviation or bending 
of the magnetic field lines toward and into the cathode 
and anode; that is, so that cathode and anode do not af 
fect the field lines 187 provided by an external field 
winding or windings 188. 

in the embodiment of FIG. 3, an external cylindrical 
non-magnetic metal housing 190 is provided having 
upper and lower collars 191 and 192 of magnetic metal 
secured thereto. These collars serve to straighten the 
field lines 187 as illustrated in dashed lines FIG. 3. 
Also, in the apparatus of FIG. 3, the housing 190, and 
top and bottom collars 191-192 preferably form the 
housing of the vacuum chamber, it being appreciated 
that suitable gussets or other stiffening devices may be 
used in the construction thereof to insure that the hous 
ing can withstand the relatively low internal pressures 
involved. An upper opening 194 is provided for allow 
ing the cathode? anode structure to be inserted into the 
chamber, and a lower opening 195 is provided for cou 
pling the chamber with a valve and vacuum pump 
equipment. Furthermore, an iron jacket or the like 197 
is provided to confine and concentrate the magnetic 
field within the chamber. The collars 91-192 are en 
ployed to provide the straight field lines, but these are 
not necessary if an internal field winding is provided 
within the cathode 185. 
As an alternative to the arrangement of FIG. 3, the 

assembly shown can be disposed entirely within a vac 
uum chamber, rather than forming the vacuum cham 
ber; however, the gap or space between the exterior of 
the assembly of FIG. 3 and the interior of a vacuum 
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chamber is not available to be coated but, on the other 
hand, can trap water vapor and other contaminants 
which in turn affect the quality of coatings formed with 
the apparatus. As another alternative, the collars 
191-192 may be disposed outside a vacuum chamber 
within which the cathode 185 and anode 186 are 
mounted. Still another arrangement is possible wherein 
the cathode structure of FIG. 2 is used in the apparatus 
of FIG, 3, and the end plates 191 and 192 increase and 
improve the field strength at the cathode. 
Turning now to FIGS. 4a through 4d, the same illus 

trate another embodiment, and modifications thereof, 
of the present concepts involving a flanged hollow 
cathode assembly which is, in a sense, the reverse of the 
cathode 14 of FIG. 2 but quite similar and operates in 
a similar manner. FIG. 4a generally illustrates this en 
tire assembly, and FIG. 4b is an end view thereof 
whereas, FIGS. 4c and 4d are fragmentary views which 
illustrate in detail preferred alternative constructions 
for the ends of the assembly. FIG. 4c is a fragmentary 
view showing a portion of the left end of the assembly, 
which can be used at both ends. FIG. 4d is a fragmen 
tary view of the right end of the assembly, which like 
wise can be used at both ends of the assembly. 

In FIG. 4a, a hollow cathode is shown having a cath 
ode barrel 214 and end flanges 214a and 214b. The 
barrel is cylindrical, and the flanges 214a-214b are in 
the same form of annular rings. These flanges may in 
clude cooling water passages 214c as shown in the 
modification of FIG. 4d. The cathode barrel and 
flanges are either fabricated from the material to be 
Sputtered, or from a non-magnetic material such as alu 
minum or stainless steel with the material to be sput 
tered plated or plasma sprayed on the inner surface. 
Typical thickness for such plated or plasma sprayed 
coatings are in the range 10 to 100 mils. The replace 
able cathode barrel 214 may be welded to an outer cy 
indrical housing 25 as shown in FIG. 4a and form an 
annular cavity 2.5a for receiving cooling water. Prefer 
ably the barrel 224 is captured inside the housing 215 
by seal rings 215h and 215c as shown in the modifica 
tions of FIGS. 4c and 4d, respectively, to form an annu 
lar cavity 215d for receiving cooling water. 
Annular anodes 216a and 216b are provided, and are 

insulated with respect to the cathode by means of ring 
insulators 218 and 219 formed of the same material as 
the insulator 70 of FIG. 2. Grooves 216c are shown in 
the anode surfaces. As discussed with respect to FIG. 
2, the grooves and/or bead blasting are provided to im 
prove the adhesion of the sputtered material that is in 
cident on the anode surface. The anodes 216a and 
26b have respective cooling water cavities 223 and 
224, and preferably are attached to respective anode 
end plates 221 and 222 as shown in FIGS. 4c and 4d to 
form respective cooling water cavities 223a and 224b. 
By removing the end plates 221-222, the cooling water 
cavities may be periodically cleaned. 
Elongated narrow annular gaps 228 and 229 (FIG. 

4a, 4c and 4d) are provided between the cathode and 
anodes and the insulators 218 and 219. These gaps are 
similar in nature and function to the gaps 71 and 170 
of the assembly shown in FIG. 2 and are perpendicular 
to the field lines provided by a magnetic field coil 234. 
A series of holes 228a and 228b as shown in respective 
FIGS. 4c and 4d can be added to assist in removing the 
out-gassing from these gaps and thereby reduce the 
out-gassing problem discussed with reference to FIG. 2. 
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A second set of gaps 231 and 232 (FIG. 4a) and 231 a 
and 232a (FIG. 4c and 4d) are formed between the re 
spective cathode flanges 214a and 214b and respective 
annular skirts 231 and 232 of the anodes 216a and 
216b. These gaps 231 and 232 and 231a and 232a are 
parallel to the magnetic field lines. 

In practice, the field coil 234 typically is comprised 
of a plurality of windings formed on suitable mandrels 
of non-magnetic metal (e.g., aluminum) and located on 
an insulating shield 234a (FIGS. 4c and 4d) which insu 
lates the windings from the cathode outer housing 215. 
These windings are then disposed along the assembly 
illustrated in FIG. 4. That is, each winding 234 of FIG. 
4 represents, in a preferred structure, a plurality of 
coils. These coils may be positioned and the magnetic 
coil currents may be adjusted to provide the desired 
magnetic field within the cathode. Magnetic end plates 
237 and 238 may be attached to the outer ends of re 
spective anodes 216a and 216b. The magnetic field 
lines are drawn through the plates 237-238 to make the 
magnetic field lines pass through the anodes and 
thereby improve the anode connection. The magnetic 
end plates are preferably formed of iron. The anode 
magnetic end plate assemblies are attached to the cath 
ode as to capture the insulators 218 and 219 by a series 
of bolts 237a and 238a (FIGS. 4c and 4d) which thread 
into the seal rings 215a and 215b, said seal rings being 
fabricated from an insulating material such as a poly 
carbon plastic. 
A pair of cylindrical insulators 241 and 242, which 

may be of material the same as that as the insulators 
218 and 219, are disposed at the outer ends of the mag 
netic endplates 237 and 238 and adjacent respective 
ground shields 245 and 246. The ground shields permit 
the plasma discharge to be confined within the hollow 
cathode when the technique of bias sputtering is ef 
fected on a ground substrate. That is, one power supply 
is used to drive the anode at an electrical potential of 
a hundred volts or so positive with respect to the 
grounded substrate. A second power supply drives the 
cathode at a potential of several hundred volts negative 
with respect to the substrate. The plasma generated by 
the ensuing discharge will exist at near the anode po 
tential. Thus the grounded substrate will be negative 
with respect to the plasma and sputtering will occur 
from the substrate surface. The relative potentials are 
adjusted so that the sputtering rate from the substrate 
is less than the deposition rate and a net deposition oc 
curs. This substrate sputtering provides a continual 
cleaning of the substrate during the deposition process. 
The end shields 245–246 assure that the positive driven 
anodes do not draw current from the vacuum pumps 
and other grounded elements within the system. Suit 
able end fittings 249 and 250 may be attached at the 
ends of the apparatus. The end fittings 249-250, 
ground shields 245–246, and outer insulators 241-242 
are secured to the plates 237-237 by suitable bolts or 
tie rods. Said bolts or tie rods are insulated as shown in 
FIGS. 4c and 4d by the insulators 246a and 246b so that 
the anodes are not electrically connected to ground 
shields. The end fittings 249-250 may be connected to 
vacuum equipment within which an end of a movable 
or fixed substrate 252 is mounted, or the entire assem 
bly FIG. 4a may be mounted within a vacuum chamber 
of the nature that is shown in FIG. 1. Stainless steel 
screens 247 and 248 are secured to the ground shields 
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245–246 and have apertures therein through which the 
substrate 252 passes. 
Exemplary substrates 252 may be wire which is to be 

coated, flat steel plate, and so forth. For example, sup 
ply and takeup drums may be coupled and sealed with 
the end fittings, with the drums and apparatus of FIG. 
4 being evacuated, so as to supply wire 252 through the 
apparatus for coating cathode material onto the periph 
ery of the wire. Alternatively, the end fittings may be 
coupled to a vacuum pass-through for supplying wire 
252 through the apparatus of FIG. 4 for coating with 
out requiring supply and takeup wire drums which are 
evacuated. As an additional embodiment a stinger may 
be used to mount a substrate or collection of substrates 
within the cathode or a conveyor arrangement may 
continually pass a series of substrates through the cath 
ode, 
An electrical lead 256 is connected to the left anode 

216a as shown in FIG. 4a, and an electrical lead 257 is 
routed beneath the field winding 234 and connected to 
the right anode 216b. The lead 257 is mounted under 
the winding 234 to prevent sever transients being in 
duced into the assembly of magnetic field coils 234 in 
the event of surges in the plasma discharge current. 
The leads 256 and 257 may be connected to ground in 
an exemplary embodiment, or to a positive potential as 
discussed previously with respect to bias sputtering, 
and a cathode lead 259 may be connected to the shell 
215 and a source of negative voltage. Contact set 
screws 215e shown in FIG. 4c assure good electrical 
contact between the cathode barrel 214 and the hous 
ing 215. Suitable tubular channels connect with the 
anode cavities 223 and 224 and with the cathode cavi 
ties 215a and 214d for supplying cooling water thereto, 
it being appreciated that these pipes may be intercon 
nected with a source of cooling water in any suitable 
manner similar to that discussed in connection with the 
apparatus of FIG. 2. Also, preferably the wire for the 
field winding 234 is hollow and also water cooled. O 
ring seals (not shown) preferably are provided between 
the cathode barrel 214 and cathode flanges 214a-214b 
and between the anodes 216a-216b and anode end 
plates 221 and 222, and between the anode end plates 
and the magnetic end plates 237 and 238. O-ring seals 
270-273 are used between the faces of the insulators 
218-219 and the flanges 214a-214b and the anodes 
216a-216b, and O-ring seals 274 and 275 are used be 
tween the seal rings 215b and 215c (FIGS. 4c and 4d) 
and the cathode assembly 214-215. Similar seals (not 
shown) are used at the faces of the insulators 241-242, 
and between plates 245–246 and fittings 249-250, and 
between the water cooled barrel 214 of FIG. 4c and 
end flange 214a and b when the embodiment is used. 

It has been found in operation of apparatus of the na 
ture of that illustrated in FIG, 4 that the same can be 
operated almost as low as 300 volts because the prod 
uct of e, times e is close to unity. With the hollow cath 
ode construction of FIG. 4, the operating current can 
be varied over a wide range at a given operating pres 
sure, similar to that of the cathode construction of FIG. 
2. The deposition rate with the hollow cathode con 
struction, on the substrates 252 at the center of the 
cathode is, to the first order, independent of pressure 
and almost independent of voltage. Thus, pressure is 
essentially an independent parameter which can be var 
ied for other reasons as desired, for example, to affect 
the nucleating processes on the substrate. 
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It is to be understood that the hollow cathode em 
bodiment shown in FIG, 4 and described above pro 
vides essentially the same advantages as the spool cath 
ode configuration shown in FIG. 2. Thus, in the hollow 
cathode configuration the electron trap exists, as men 
tioned previously, in a thin annular region extending 
from the cathode surface inward to the radius defined 
by the inside diameter of the anode. Because of the 
good anode connection afforded by this embodiment 
the desired electron energy gradient exists across the 
trap from the edge of the cathode sheath, (which ex 
tends only a few millimeters from the cathode surface) 
to the edge of the trap (i.e., the inside diameter of the 
anode). Accordingly, the electrons which leave the 
trap by inward radial diffusion and pass to the vicinity 
of the substrate rather than to the anode are of very low 
energy, i.e., 3 to 5 ev. That this is indeed the case has 
been verified by electrostatic probe measurements 
across the radius of the plasma. Accordingly, although 
the substrate heating from the surrounding plasma in 
the hollow cathode configuration is necessarily greater 
than in the spool cathode configuration where the 
plasma does not extend to the substrate, it is (in the 
hollow cathode embodiment described) much reduced 
from devices described in prior art because the plasma 
is made to be cool before it reaches the vicinity of the 
substrate. 
FIG. 5 illustrates another embodiment which is use 

ful, for example, for wire cleaning wherein a steel wire, 
or the like, forms a cathode 314. As was the case with 
FIG. 4, FIG. 5a illustrates in general the entire appara 
tus and FIG. Sc shows the details of the preferred end 
construction. Only one half of the right end is shown, 
it being understood that each end preferably is symmet 
rical and alike. A plasma discharge is created between 
the wire cathode 314 and a cylindrical anode 316 
which surrounds the wire. An axial magnetic field per 
mits the discharge to be operated at sufficiently low 
pressure so that the contamination and/or other mate 
rial sputtered from the wire surface can pass line-of 
sight to the anode where it is collected. End flanges 
314a and 314b are provided. The cylindrical anode 316 
has a cylindrical cover or jacket. 317 which is attached 
by seal rings, such as 317b as shown in FIG.5c, to form 
a cavity 318 for cooling water. The inner surface of the 
anode preferably is knurled, grooved, and/or bead 
blasted to enhance the adhesion of sputtered material. 
The flanges 314a and 314b are alike, and each may in 
corporate a wire die 302a-320b for assisting in main 
taining the wire position, a plurality of holes 321 a-321b 
communicating between the interior of the apparatus 
and the interior of the vacuum chamber (not shown) 
surrounding the apparatus, and outer flange sections 
322a-322b. Furthermore the end flanges are fabricated 
from a magnetic material such as steel so that they as 
sist in shaping the magnetic field in much the same 
manner as the magnetic end plates 237 and 238 which 
were described with reference to FIG. 4. The apparatus 
may be secured together by bolts between the flange 
sections 322a-322b and the seal rings 317a-317b. The 
seal rings may be fabricated from an insulating material 
such as polycarbon plastic. 

Insulators 325 and 326, which may be made of the 
same material as the insulator 70 of FIG. 2, are dis 
posed between the anode 316 and the cathode flanges 
314a-314b. Annular gaps 328 and 329 are provided 
between the inner surfaces of the insulators 325-326 
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and outer surfaces of respective skirts 331-335 are pro 
vided between the inner surfaces of the insulators 
325-326 and the outer surfaces of the skirts 338-339 
of the anode 316. As was the case with the devices pre 
viously described, additional gaps (329a and 335a in 
FIG. 5c) are provided at each end of the apparatus ad 
jacent to the insulators which are directed so that they 
are perpendicular to the direction of the magnetic field 
lines. Suitable O-ring seals, such as provided by O-rings 
344 and 346, are provided at each end of the insulators 
325-326, and similar seals (345 in FIG. Sc) are pro 
vided between the seal rings 317a and 317b and the 
anode assembly 316 and 317. As was the case with the 
arrangement of FIGS. 2 and 4, suitable plastic pipes 
may be coupled with the anode 316 to supply cooling 
water to the cavity 318 thereof. 
A field coil 342 similar to the field coil 234 of FIG. 

4 is used, said coil being mounted on an insulating 
shield 317a (FIG. 5c) similar to the shield 234a of FIG. 
4. End insulators 348-349 may be used and these may 
be formed of the same material as the insulators 
325-326, End screens 350-351 on the exterior of the 
cathode flanges 314a-314b are used so as to assure that 
the plasma discharge is confined to the portion of the 
wire between the cathode flanges when the substrate 
wire is at ground potential. The wire 314 preferably is 
at ground potential so that the feed and takeup wire 
spools also will be at ground rather than at a high volt 
age. The problem is identical to that discussed with ref 
erence to bias sputtering in the apparatus shown in 
FIG. 4. That is, the screens assure that the positive bi 
ased anode 316 draws current only from the section of 
wire between the end flanges and shields, and does not 
draw current from the vacuum pumps and other 
grounded elements of the system. 
When the apparatus of FIG. 5 is employed for sput 

tering of the wire 314 for cleaning thereof, the specific 
placement and configuration of the anode and cathode 
flanges is not as important as in the embodiments previ 
ously discussed, inasmuch as no attempt is being made 
to provide an even coating of sputtered material on a 
substrate or on the anode but it is merely desired to 
sputter material from the surface of the wire for clean 
ing thereof. Therefore, although such a device could be 
configured which satisfies the requirements of good 
anode connection, this requirement has been found to 
be less critical for this application since the required 
power levels are in general considerably less and the 
voltage drop between the anode and the plasma be 
cause of the interceding magnetic field has not been 
found to be a serious problem. However, because of the 
relative smallness of the wire 314, more field strength 
is desirable, and for this purpose an exterior magnetic 
shield in the form of a cylinder 352 secured to the cath 
ode flanges 314a-314b is used. This cylinder is of mag 
netic material. A similar shield may be used with the 
apparatus of FIG. 4. Instead of a cylindrical anode 316, 
an anode ring or rings can be used about the cathode 
flanges. 

It is to be understood that although specific construc 
tions and configurations, as well as materials, have 
been discussed herein for devices according to the 
present invention, deviations can be made therein with 
out departing from the spirit and scope of the present 
invention. For example, although the cathode flanges, 
such as 4a-14b, have been shown and described as 
configured in the form of flanges having parallel upper 
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and lower surfaces, they can be configured in other 
manners deviating from the parallel, such as with the 
facing surface being arcuate or conical. The support 
means 15 can be eliminated and the cathode and end 
insulator structure directly attached to a wall of the 
vacuum chamber, with the chamber acting as the an 
ode. Also, plural cathode structures can be used, such 
as in a ring forming a cage, within the chamber. Fur 
thermore, although apparatus as described herein has 
been discussed from the standpoint of direct current 
operation, alternating current, or rf, operation can be 
achieved by separating the cathode into two parts with 
suitable insulation between the parts and with an a.c. 
source connected across these two parts or to one of 
these parts and another device such as the walls of a 
metal vacuum chamber. Also, devices as disclosed 
herein may be used as a control element inasmuch as 
the volt-ampere characteristics of the device are sub 
stantially nonlinear. 
The present embodiments of this invention are to be 

considered in all respects as illustrative and not restric 
tive, the scope of the invention being indicated by the 
appended claims rather than by the foregoing descrip 
tion, and all changes which come within the meaning 
and range of equivalency of the claims are therefore in 
tended to be embraced therein. 
What is claimed is: 
1. Electrode glow discharge apparatus for sputtering 

material in a gaseous environment of approximately 
10 torr and below, comprising: 
a housing for said environment and means through 
which said housing can be evacuated; 

cathode means from which material is to be sput 
tered, said cathode means being adapted to be cou 
pled with a power supply and including a central 
elongated portion and ends extending radially 
therefrom forming a trap region for high and low 
energy electrons between the ends contiguous to 
said central portion, said trap region including a 
cathode sheath, substantially all of said high energy 
electrons being generated on the surface of said 
cathode means by secondary emission; 

anode means being adapted to be coupled to a power 
supply, said anode means being outside said trap 
region of said cathode means; 

magnetic field means for generating a magnetic field 
of approximately 300 gauss and below within said 
trap region, said magnetic field having magnetic 
field lines closely contiguous to and substantially 
parallel with said central portion of said cathode 
means, whereby said trap region is formed com 
pletely by said magnetic field and surfaces at sub 
stantially cathode potential; and 

means for supporting within said housing workpieces 
intended to be sputter coated, 

2. Apparatus as in claim 1, wherein said ends of said 
cathode means comprise flanges and said central por 
tion of said cathode means is movable through said 
flanges, said flanges and said central portion being elec 
trically connected together, and 

said anode means includes an anode encircling a por 
tion of said cathode means. 

3. Apparatus as in claim 2, wherein 
said anode encircles said central portion of said cath 
ode means. 

4. Apparatus as in claim 3, wherein 
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Said anode means includes a tube coaxially mounted 
about said central portion of said cathode means, 
said tube being electrically insulated with respect 
to said flanges of said cathode means. 

5. Apparatus as in claim 4, wherein 
said tube is insulated from said flanges by insulators 

in the form of rings respectively mounted between 
outer faces of said tube and inner faces of said 
flanges. 

6. Apparatus as in claim 5, wherein 
gaps are formed between each of said insulators and 

the respective cathode flanges and ends of the 
anode tube, to prevent sputtered material from eas 
ily passing through said gaps to said insulators. 

7. Apparatus as in claim 1, wherein 
said cathode means is hollow and said ends extend 

inwardly, said ends forming said trap region be 
tween the ends contiguous to said central portion 
of said cathode means. 

8. Apparatus as in claim 7, wherein 
said anode means includes first and second anodes 
adapted to be electrically connected together, each 
anode being mounted close to but insulated from 
the respective opposite ends of said cathode 
aS 

9. Apparatus as in claim 8, including: 
insulator means disposed between the ends of said 
cathode means and each of said respective first and 
second anodes. 

10. Apparatus as in claim 9, wherein 
gaps are formed between the ends of said cathode 
means and each of said respective first and second 
anodes, at least a portion of said gaps extending 
perpendicularly to said field lines, to prevent sput 
tered material from easily passing through said 
gaps to said insulator means. 

11. Apparatus as in claim 8, wherein 
said anodes having openings therethrough for allow 

ing a substrate to be moved through one of said an 
odes, said cathode means and the other of said an 
odes. 

12. Apparatus as in claim 7, wherein 
said central portion of said cathode means is in the 
form of a substantially cylindrical barrel and said 
ends are substantially cylindrical flanges located on 
the respective ends of said barrel and extend in 
wardly, said trap region being formed between the 
inward faces of said flanges about the inner periph 
ery of said barrel. 

13. Apparatus as in claim 12, wherein 
said flanges have substantially parallel faces. 
14. Apparatus as in claim 12, wherein 
said anode means includes an annular anode closely 
spaced with respect to one of said flanges. 

15. Apparatus as in claim 7, wherein 
said central portion of said cathode means includes 
a cavity for receiving cooling fluid therein. 
6. Apparatus as in claim 7, wherein 

said cathode means includes a substantially cylindri 
cal hollow barrel removably mounted with respect 
to said ends, said ends being in the form of flanges 
having cavities therein, and said cavities communi 
cating with a cavity in said barrel for receiving 
cooling fluid within said cathode means. 

17. Apparatus as in claim 1, wherein 
said central portion of said cathode means is in the 
form of a substantially cylindrical barrel and said 
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ends are outwardly extending substantially cylin 
drical flanges on the ends of said barrel, said trap 
region being formed between the inward faces of 
said flanges and around the outer periphery of said 
barrel. 

18. Apparatus as in claim 17, wherein 
said anode means includes an annular anode 
mounted about the periphery of and closely spaced 
from one of said flanges. 

19. Apparatus as in claim 18, including 
insulator means coupled with the outward face of 

said one of said flanges but in a spaced relationship 
therefrom defining an annular gap having a central 
axis substantially parallel with said field lines. 

20. Apparatus as in claim 9, including: 
insulator means mounted on the outer face of the 
other of said flanges and spaced therefrom to form 
an annular gap having an axis substantially parallel 
with said field lines. 

21. Apparatus as in claim 18, wherein 
the other of said flanges is of larger diameter than the 

said one of said flanges. 
22. Apparatus as in claim 18, wherein 
said anode means includes an internal cavity for re 

ceiving cooling fluid therein. 
23. Apparatus as in claim 17, wherein 
said flanges have substantially parallel faces. 
24. Apparatus as in claim 17 wherein 
said anode mcans comprises a substantially annular 
anode mounted about and close to but spaced from 
one of said flanges, said anode having an internal 
cavity for receiving cooling fluid therein. 

25. Apparatus as in claim 1, wherein 
said central portion of said cathode means comprises 
a substantially cylindrical barrel removably 
mounted with respect to said ends of said cathode 
means, said ends being in the form of flanges hav 
ing cavities therein, and said cavities communicat 
ing with a cavity within said barrel for receiving 
cooling fluid within said cathode means. 

26. Apparatus as in claim 25, wherein 
at least one of said flanges of said cathode means in 
cludes first and second separable complementary 
sections defining a coolant cavity. 

27. Apparatus as in claim 26, wherein 
said first and second separable sections are of differ 
ent materials, 

28. Apparatus as in claim 26, wherein 
at least one of said separable sections is formed of a 

material for affecting the shape of said magnetic 
field lines. 

29. Apparatus as in claim 25, including: 
a spool member mounted centrally within said cath 
ode mcans. 

30. Apparatus as in claim 1, wherein 
said ends of said cathode means comprise flanges and 

said central portion of said cathode means is mov 
able through and makes electrical contact with said 
flanges, and 

said anode means includes at least an anode mounted 
adjacent to and spaced outwardly from at least one 
of said cathode flanges. 

31. Apparatus as in claim 30, wherein 
said flanges are substantially cylindrical flanges, and 
said anode means includes an annular anode 
mounted about the periphery of and closely spaced 
with respect to one of said flanges. 
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32. Apparatus as in claim 31, wherein 
the other of said flanges is of larger diameter than the 
said one of said flanges. 

33. Apparatus as in claim 30, wherein 
5 said cathode flanges are substantially cylindrical 

flanges, and 
said anode means includes an annular anode 
mounted about the periphery of and adjacent each 
of said cathode flanges. 

34. Apparatus as in claim 1, wherein said ends of said 
cathode means are outwardly extending contiguous 
flanges. 
35. Apparatus as in claim 34, wherein 
said anode means is a substantially annular anode 
mounted about one of said flanges and separated 
therefrom by a small annular gap, the width of said 
anode being at least as wide as said one of said 
flanges in a direction parallel to the axis of said 
anode means. 

36. Apparatus as in claim 34, wherein 
said flanges of said cathode means are substantially 

cylindrical, and one of said flanges is of greater di 
ameter than the other of said flanges. 

37. Apparatus as in claim 1, wherein 
said magnetic field means includes a field winding en 

circling said cathode means and said anode means, 
and includes ferromagnetic end plates for aiding in 
forming said magnetic field in said trap region. 

38. Apparatus as in claim 37, wherein 
said field winding is mounted on a housing within 
which said cathode means and anode means are 
supported, said housing and end plates together 
forming a vacuum chamber. 

39. Apparatus as in claim 1, wherein 
said anode means includes an anode mounted adja 
cent to and spaced outwardly from one of said ends 
of said cathode means. 

40. Apparatus as in claim 1, wherein 
said magnetic field means includes a field winding 
mounted within said cathode means. 

41. Apparatus as in claim 1, wherein 
said cathode means and anode means are adapted to 
be mounted within a vacuum chamber, and said 
magnetic field means includes a field winding 
mounted within said central portion of said cath 
ode means and a field winding mounted on a vac 
uum chamber for providing a resultant field in said 
trap region. 

42. Apparatus as in claim 1, wherein 
said central portion of said cathode means includes 

a cavity for receiving cooling fluid therein. 
43. Electrode glow discharge apparatus for sputter 

ing material, comprising: 
anode means and cathode means spaced from one 
another and adapted to be coupled with a power 
Supply for forming an electron discharge, said cath 
ode means having an elongated central portion and 
contiguous ends extending radially therefrom; 

trap means forming an electron trap for high and low 
energy electrons surrounding said cathode means 
for enabling said apparatus to be operated in a low 
pressure gaseous environment of approximately 
10 torr and below, said trap means including 
means providing magnetic field lines close to and 
substantially parallel to said elongated central por 
tion of said cathode means and intersecting said 
ends of said cathode means, whereby said trap is 
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formed completely by said magnetic field lines and ply for causing electron discharge from said cath 
a cathode sheath adjacent surfaces at cathode po- ode means; 
tential; and magnetic field means for providing a magnetic field 

means for supporting outside said trap workpieces within said apparatus; 
intended to be sputter coated. 5 insulator means supported adjacent said cathode 

44. Apparatus as in claim 43, wherein means and forming a gap between at least a portion 
said ends of said cathode means comprise flanges on f said insulator m and said cathode m 
the ends of said cathode means. O Sac Sao reas O C3 eans, 

45. Electrode glow discharge apparatus having said gap being a narrow and elongated channel 
means for preventing undesired sputter coating, com- 10 with the elongated dimension of said gap being sub 
prising: stantially perpendicular to the field lines of said 
anode means and cathode means spaced from one magnetic field traversing said gap. 
another and adapted to be coupled to a power sup- xk 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 


