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ABSTRACT OF THE DISCLOSURE 

Sputter apparatus of the electron assisted type with a 
“four-electrode” sputter structure and substrate enclosing 
an elongated space. An elongated electron source extends 
along the full length of an edge of the space and an elon 
gated anode extends along an opposite edge. An elon 
gated grid adjacent the electron emitter maintains the dis 
charge and masks the emitter. The arrangement allows 
stable low pressure sputtering at high rates and with high 
uniformity without use of an assisting magnetic ?eld and 
affords greater freedom for effective design of the en 
closing vacuum system. 

The present invention relates to sputtering apparatus 
and particularly to sputter coating apparatus. Such ap 
paratus is well known in the art. Particular forms of such 
apparatus include diode sputtering units and electron as 
sisted sputtering apparatus. The latter which are avail 
able in “triode” and “tetrode” con?gurations afford the 
possibility of operation at lower pressures than diode units 
with improved purity and adherence of coatings. 
One limitation of prior art electron assisted units is 

that they require an assisting magnetic ?eld for certain 
commercial operations. This imposes some constraints on 
effective design of the sputtering apparatus and the sur 
rounding vacuum system. Another problem ofsuch ap 
paratus is that uniformity of coating (consistent with high 
rate of coating) of prior art electron assisted sputter coat 
ers 'has been less than desired. Because of the lack of 
desired uniformity, rotation and multi-layer coating of 
substrates is practiced with dangers of interlayer con 
tamination or faults due to temperature changes between 
coating steps. A related problem of electron assisted ma 
chines is the dit?culty of adapting them to mass produc 
tion use in view of the above limitations. 

It is therefore the principal object of the invention to 
overcome the foregoing problems in electron-assisted sput— 
ter coating apparatus and provide an improved apparatus 
of this class which provides sufficient cooling uniformity 
to allow single pass coating and stable operation without 
the necessity for magnetic ?eld assistance and further 
provides a high degree of mass production capability 
consistent with economy of manufacture and case of op 
eration by semi-skilled personnel. It is a further object 
of the invention to provide for coating of multiple coating 
materials and/ or multiple coated substrates without sacri 
?ce of purity or reliability of the coating process. It is a 
further object of ‘the invention to provide a good vacuum 
pumping arrangement of the apparatus as a whole con 
sistent with the foregoing objects. 

In general, the objects of the invention are achieved 
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through a sputtering apparatus in which a plasma is ' 
formed in front of a planar sputter target, with two elon 
gated edges, by plasma forming means disposed along 
said edges—an electron emitter along one edge which 
extends along at least half, and preferably fully, the full 
length of said edge and an elongated primary anode along 
the other edge. Preferably the elongated edges are parallel 
to each other. Each electron emitter is masked from direct 
line of sight viewing of the sputter target (and coating 
substrate, if any). The masking is accomplished by an 

70 

1 3,583,899 
Patented June 8, 1971 KB 

2 
elongated cylindrical shield surrounding the emitter and 
having an elongated opening for electron exit. Associated 
with the emitter is an elongated auxiliary anode, or grid, 
which serves to start and maintain the sputtering dis 
charge at low voltages and comprises an extension reach 
ing into the opening of the shield turret, but electrically 
isolated therefrom. 
A variation of the apparatus provides an electron emit 

ter and associated grid and shield at each of the elongated 
edges with each grid acting as a primary anode for the 
remote emitter. This arrangement gives further improve 
ment in coating uniformity. 
The target and substrate holder oppose each other 

straddling the plasma when used for sputter coating and 
are arranged in vertical planes to avoid dirt pickup. Pref 
erably the target and/or substrate holder comprise rotat 
able turrets for multiple target sputtering in sequence 
and/or increased substrate handling capacity. Shielding 
arrangements are provided to prevent stray sputtering or 
coating of the target or substrate faces not in the plasma 
straddling coating position. . 
The above described structure is housed in a vacuum 

‘chamber of straight cylinder design, vertically arranged, 
with a full area top opening sealed during operation by a 
dome cover. Substrate turrets can be inserted or removed 
through the top opening. Pressure and gas ?ow control is 
provided by an inert gas inlet into the electron emitter 
shield and a vacuum pumping port extending out of the 
side wall of the chamber behind the target. As a Whole 
this arrangement provides more effective design for pur 
poses of structure conveient height and gas load and con 
ductance than most prior art arrangments and is less 
vulnerable to foreign objects falling into the pumping 
port. This improved chamber and system design is made 
feasible by the above described internal apparatus of the 
sputtering unit. 
The invention also'avoids the need for a coiled ?lament 

electron emitter of prior art apparatus and inherently ob 
tains equivalent emission length in the above described 
apparatus using a straight line form of ?lament. 

Other objects, features and advantages of the invention 
will in part be obvious from the general description given 
thus far and from the following description of speci?c 
embodiments of the invention, described in connection 
with the accompanying drawings wherein: 

FIGS. 1—2 are schematic side and top views of the im 
proved sputtering apparatus according to a ?rst, and pre 
ferred, embodiment of the invention. FIG. 2A is a cross 
section view of the electron emitter, grid and shield, and 
FIG. 3 is an isometric sketch of the sputtering and coating 
parts. 

FIGS. 4 and 5 are side and top views, similar to FIGS. 
1 and 2, for a second apparatus embodiment. 
FIGS. 6-8 are outlines of coating thickness measure 

ments resulting from use of the apparatus. 
FIGS. 1-3 

Referring to FIG. 1 ?rst, the sputtering apparatus is 
contained in a cylindrical hermetically sealed chamber 
10 which has a door 12 demountably sealed to the cham 
ber by a seal 14. The door covers the full diameter of 
the cylindrical chamber and its arrangement atop the 
‘vertical cylinder facilitates loading and unloading of sub 
strates and for maintenance between operations under 
vacuum. The chamber is pmped, via an exit port 16 and 
a butter?y throttle valve 18, by a diffusion pump 20 
backed by a mechanical coughing pump 22. The location 
of the exit port 16 is, preferably, as shown in FIG. 2. 
Its location is roated 90 degrees in FIG. 1 for purpose of 
illustration. Additional conventional gas pressure control 
means such as pumps, valves, pressure measuring gauges 
and inert gas inlet are provided but not shown in the 
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drawings. A bottom plate 24 of the chamber contains elec 
trical insulating feedthroughs 26 for the various electrical 
conductors 28 leading to the sputter electrodes. The con 
ductors have the form of copper pipes and coolant water 
is passed through these pipes. 

Within the chamber is a tetrode sputtering arrange 
ment. The four electrodes of the tetrode are an elongated 
?lament electron emitter 52, a primary anode 54, an aux 
iliary anode and sputter target 58. 

Referring now to FIG. 2 (which is a cross-section view 
from above of the sputter electrode structure) as well 
as FIG. 1, there is shown a substrate holder 60 which 
mounts several substrates 62 which are to be coated by 
material sputtered from the front face 581 of target 58. 
The sputter target 58 is of planar form and has two elon 
gated side edges 582, 583. The target and substrate holder 
de?ne between them a thin plasma con?ning zone 70 
which is enclosed on its thin sides by the plasma form 
ing structure—anodes 54 and 56 and emitter 52 which 
extend along essentially the full length of the elongated 
edges 582, 583 of target 58. Optionally, top and bottom 
grounded metal shields may be added to further de?ne the 
plasma zone; but this is not necessary where the cover 
12 and base plate 24 are grounded metal members and 
over half the height between them is occupied by the elec 
trode structure. An elongated annular metal shield 521 at 
ground potential surrounds the electron emitter 52; the 
shield provides electrostatic focusing of the electrons 
emitted from the emitter towards an opening 522 in the 
shield. 
FIG. 2A shows the electron emitter 52 in cross-section, 

surrounded by shield 521 which has an elongated opening 
522 facing towards the plasma region 70 (see also FIGS. 
1-2). Grid electrode 56 is located adjacent the opening 
and comprises two extension plates 561 extending to and 
through the opening 522 to effectively start and maintain 
an electrical discharge plasma, in conjunction with emit~ 
ter 52. This arrangement also provides effective masking 
of emitter 52 from the substrate and target. The emitter 
typically has the form of a braid or twist of 3 tungsten 
wires of 30 mil diameter or an equivalent ribbon. A heli 
cally coiled emitter is not necessary because of the great 
length of emitter 52 and not desirable because of the 
greater di?iculty of masking a helix. 
FIG. 3 is an isometric sketch of the apparatus show 

ing particularly the high volume production capacity and 
?exibility of the apparatus for semiconductor wafer sub 
strates are mounted (via mounting pins, not shown) on 
each substrate holder 60 of the eight-sided multi-holder 
turret. Different targets 580, 581 can ‘be provided for 
putting down multiple coatings on each substrate. The 
targets are rotated within a grounded shield 58 to essen 
tially limit sputtering to the target facing the plasma zone 
70. Further protection can be afforded by providing sepa 
rate electrical feedthroughs to the two targets 580, 581 so 
that target voltage is not applied to the inactive target. 

Referring to all of FIGS. 1-3, it can be seen that the 
grid comprises an elongated loop of coolant pipe 56 with 
plate extensions 561 extending to and through the open 
ing 522 of cathode turret 521. 

Small shields 602 at the edge of each face of the sub 
strate holder turret and additional grounded shields 603 
(shown in FIG. 1 only) prevent sputtering of target ma 
terials on substrates not directly facing the target. 
The substrate holder turret 60 typically has eight four 

inch by six inch sides (carrying six two inch diameter 
wafers on mounting pins) and is inserted and removed 
through the top opening of chamber 10 between produc 
tion runs. It is clamped down to a plate 604 which is 
cooled by water fed via rotary feedthrough 604. Thus the 
substrates and substrate holders are cooled during sputter 
coating for control of plasma and coating process. 

FIGS 4-5 

Referring now to FIGS. 4-5, a second embodiment of 
the apparatus is shown in two ?gures corresponding to 
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FIGS. 1 and 2 of the ?rst embodiment. In this second 
embodiment, two elongated electron emitters 52 and 52' 
are provided along two long edges 582, 583 of target 
face 581. Associated with each electron emitter is a sur 
rounding grounded turret (521, 521’) with an opening 
(522, 522') and a long grid electrode (56, 56') with plate 
extensions (561, 561') extending to and through the tur 
ret opening. Each grid acts as a primary anode for the 
far electron emitter and as auxiliary anode for the near 
electron emitter. _ 
The arrangement provides greater coating uniformity 

at lower coating rates compared to the apparatus of FIGS. 
1—3. The interconnected grids 5‘6 and 56' cause the appa 
ratus as a whole to act as a full wave recti?er. The same 
result is accomplished with “soft” reactance controlled 
DC. voltage supplies connected to grids 56, 56'. 

EXAMPLES 

A typical operating procedure is now set forth, as a 
non-limiting example, of production usage of the FIGS. 
1-3 apparatus for coating in repetitive operations, 48 sili 
con wafers of 2 inch diameter with superposed layers of 
3000 angstroms of titanium and 3000 angstroms of plat 
mum. 

Example 1 

PROCEDURE 

Time, hours/ 
minutes tep 

00:00-00:03 ____ __ Release system, under vacuum from prior production, 
by admitting an atmosphere of argon. 

_ Lift open the cover 12. 
_ Unlock and lift out the substrate holder. 
_ Remove waters 62. 
Reload with next batch of waters. [It a spare holder is 
stocked, it can be preloaded, eliminating the time of 
the previous two step] _ 

00:11-00:12 ____ .. Replace the substrate holder into the system and lock 
in. 

Close the hinged cover. 
Pump the system to 10‘5 torr range. 

. Adjust the ?lament to 13 volts, 85 amperes A.C. 
Back?ll with argon and repump. (In some cases, two 
back ?llings may be desired.) 

00:34-00:35 ____ __ Turn the anode and grid supplies on by means of the 
11.0. line switch (they are normally preset). Imme 
diately turn on the high voltage. (This can also be 
preset!) 

00:35-00:55 ____ __ Sputter titanium at 150 A./min. to get 3,000 angstroms. 
00:55-03:18 ____ __ Index the substrate holder turret to the next face 60. 

Sputter 20 mins. Repeat for faces 3 to 8. 
03:18-03:19 .... _. Turn off the high voltage and rotate the target to the 

other face. 
03:19-03:29 ____ __ Turn the high voltage on and sputter platinum {or 8 

mins. at 275 A./min. to get 3,000 angstroms. 
03:29-04:25 ____ _. Index the substrate holder turret to next face. Sputter 

8 mins. Repeat for faces 3 to 8. 
04:25-04:26 ____ _ . Turn off power supplies and ?lament. Return to the top 

of this page for the next run. 

. 1 In some applications, a sputter cleaning of the target face would be 
included. In many cases the releasing by Argon may eliminate this need. 
(If done, allow 10 minutes.) 

Some non-limiting examples of operation of the equip 
ment for coating thickness measurement are now given. 

Example 2 

Sputter coating apparatus as shown in FIGS. 1-3 was 
operated to coat one substrate holder face 60 covered with 
a 4 inch by 6 inch ?at glass (made by Pilkington ?oat 
process) with stainless steel. Seven 30 mil tungsten wires, 
evenly spaced and horizontally arranged were held across 
the glass face to produce coating steps (by masking) for 
interferometry measurements of coating thickness. The 
apparatus was operated with the target at 2000 volts and 
160 milliamperes AC. and the primary anode drawing 7 
amperes DC. at 70 volts with the auxiliary anode drawing 
2 amperes DC. at 40 volts. The emitter 52 was operated 
at 13 volts, 88 amperes AC. The operation was carried 
out for 30 minutes with argon ?owing in at 22.4 cc. per 
minute and total pressure maintained at about 2-3 mi 
crons by the pumping system. ‘ 

After the coating the thickness of the coating was meas 
ured at various points on the glass. The measurements 
are given in FIG. 6 and are in hundreds of angstroms. 
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Example 3 

A test similar to Example 2 was carried out with only 
the following variations in conditions: 8 amperes primary 
anode current, 170 milliamperes target current and a total 
time of 37 minutes. The coating thickness results are indi 
cated in FIG. 7. 

Example 4 

A similar test was carried out with dual emitter appa 
ratus as in FIGS. 4-5 with the following variations of 
conditions from Example 2: each grid (52, ‘521) at 7 am 
peres D.C., each electron emitter at 13 volts, 85 amperes, 
target current at 142 milliamperes. The coating thickness 
results are given in FIG. 8. 

It can be seen from these examples that high uniformity 
of coating is attained by the apparatus of the present in 
vention. 

Several variations can be made within the scope of the 
present invention. For instance high voltage can be applied 
to the substrates for sputter etching or “bias sputtering” 
coating. Substrate and/or target turret rotation can be 
automated with use of a timer or coating rate monitor to 
signal rotation steps. Substrate turret rotation can be con 
tinuous if multi-pass coating is tolerable. The target may 
be triangular or circular, rather than rectangular as shown 
in the examples. For purposes of a circular target, the 
“elongated edge” is any 120 degrees of are along the 
target edge. The term “adjacent” as used herein is meant 
in contrast to the very remote spacings of a prior art 
apparatus, but for purposes of de?nition, as necessary, 
may be taken as equal to or less than half the length of 
the elongated edge of the target. A movable shutter may 
be provided to cover the substrate holder adjacent the 
plasma to allow sputter cleaning of the target, the shutter 
can then be removed to allow coating. Some departures 
can be made from the preferred features shown, e.g. hori 
zontally arranged substrate turret, bottom of the chamber 
pumping port to surrender some advantages of the inven 
tion while retaining others. The elongated electron emitter 
may be made up of a string of shorter emitters or center 
tapped to provide for variation of emission current along 
the total length for ?ner tailoring of coating uniformity. 

Still other variations of the present invention will be 
apparent to those skilled in the art once given the bene?t 
of the present disclosure. Accordingly, it is intended that 
the above disclosure shall be read as illustrative and not 
in a limiting sense. 
What is claimed is: _ ' 
1. An improved sputtering apparatus comprising: 
(a) means forming a vacuum chamber, 
(b) means forming a sputter target, of essentially pla 
nar form with at least two elongated edges, disposed 
within said chamber, 

(c) plasma forming means disposed within said cham 
ber adjacent at least two of said elongated edges of 
the sputter target and comprising an elongated elec 
tron emitter constituted by an elongated ?lament ex 
tending parallel to the target and extending along at 
least half the full length of one of said elongated 
edges, and further comprising a similarly elongated 
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primary anode electrode located along a second edge . 
of the target, and further comprising a similarly 
elongated auxiliary anode located along the same 
edge of said target as said electron emitter and ar 
ranged to draw electrons from said emitter, and 
constructed and arranged for forming a plasma of 
substantially uniform density in front of the target, 

(d) electrical bias and energizing means for said means 
(b) and (c), and 

(e) gas pressure control means for producing a sub 
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6 
atmospheric gas pressure within the chamber suitable 
for sputtering. 

2. The apparatus of claim 1 wherein the apparatus 
comprises a coating substrate holder disposed in opposing 
relation to said target. 

3. The apparatus of claim 2 wherein the second mem 
ber comprises a rotatable multiple plane substrate holder 
turret. 

4. The apparatus of claim 3 wherein the chamber is a 
straight cylinder tank vertically arranged and having a top 
cover door. 

5. The apparatus of claim 2 wherein the sputter target 
and substrate holder are arranged in substantially vertical 
planes. 

‘6. The apparatus of claim 1 wherein the plasma form 
ing means (c) comprises electrostatic focussing means in 
the form of an elongated annular shield surrounding the 
emitter, said shield having an elongated opening facing 
into the region in front of the target, a primary anode 
located at a second elongated edge of said target, an 
auxiliary anode located between said shield opening and 
the target edge and having an extension thereof extending 
through said shield opening and into said shield without 
touching the shield to de?ne an elongated plasma extrac 
tion passage with a passage forming wall at auxiliary 
anode potential. 

7. The apparatus of claim 6 wherein the auxiliary 
anode has the form of an elongated loop electrode essen 
tially paralleling the contour of the shield opening and the 
extension has the form of a pair of parallel plates extend 
ing from the long legs of the auxiliary anode loop to and 
through said elongated opening. 

8. The apparatus of claim 1 comprising two of said 
elongated electron emitters with local auxiliary anodes 
located along ?rst and second elongated edges of the tar 
get with each of said auxiliary anodes acting as a primary 
anode for the more remote electron emitter. 

9. The apparatus of claim 1 wherein the electrical bias 
means (d) is constructed and arranged to provide a cycli 
cally alternating voltage supply to the respective auxiliary 
anodes of the two plasma sources. 

10. The apparatus of claim 1 wherein the plasma form 
ing means are constructed and arranged to optically mask 
said electron emitter from said target. 

11. The apparatus of claim 1 wherein said means (a) 
comprises a rotable multiple target turret. 

12. The apparatus of claim 1 wherein two of said 
elongated electron emitters are provided along two of said 
elongated target edges in essentially opposing relationship 
and wherein the bias and energizing means apply a cy 
clical alternating injection of plasma from the respective 
emitters. 

13. The apparatus of claim 1 wherein the chamber is a 
straight cylinder, vertically arranged and having a top 
cover door, and further comprising a pumping port in the 
side wall of the chamber and vacuum pump means con 
nected to the port. 
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