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(57) Un divertisseur d’arc (10) détecte un arc entre une
cathode (11) et une anode (12) d’un appareil de décharge
luminescente et., en réaction, déclenche deux
commutateurs (21, 23) pour permettre a un condensateur
(16) de se decharger vers la cathode (11) par une voie de
transfert résonnante (26) et de recharger le condensateur
(16) pour des decharges subsequentes en sens oppose. Ce
courant de décharge court-circuite effectivement

I*I Industrie Canada  Industry Canada

(57) An arc diverter (10) detects an arc between the
cathode (11) and the anode (12) of a glow discharge
apparatus and 1n response, triggers a pair of switches
(21, 23) to allow a capacitor (16) to discharge toward the
cathode (11) along a resonant diverting path (26) and
recharge the capacitor (16) for subsequent discharge 1n
an opposite direction. This discharge current effectively
short circuits the power supply and extinguishes the arc.
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I’alimentation en courant et €teint 1’arc. Le divertisseur
(10) comporte deux voies de transfert résonnantes
(27, 28) et quatre commutateurs (20, 21, 22, 23) ayant
une configuration en forme de ~"H’” pour maintenir le
condensateur (16) a 1’¢tat charge. Deux commutateurs de
déclenchement de remplacement, situ¢s en diagonale
(21, 23) et (20, 22) permettent au condensateur charge
(16) de se decharger dans un sens par une des voies de
transfert résonnante (26 ou 27) et de se recharger pour
des decharges subs€quentes dans le sens oppos€ en
empruntant 1’ autre voie résonnante (27 ou 26).
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The diverter (10) includes two resonant diverting paths
(27, 28) and four switches (20, 21, 22, 23) configured 1n
an "H" to hold the capacitor (16) 1n a charged condition.
Alternate trniggering of diagonally situated switch pairs
(21, 23) and (20, 22) enables the charged capacitor (16)
to discharge 1n one direction along one of the resonant
diverting paths (26 or 27) and recharge for subsequent
discharge 1n the opposite direction, along the other of the
resonant paths (27 or 26).
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ARC DIVERTER

This invention relates to an electrical

circuit that detects and diverts an arc between TWO

electrodes of a glow discharge apparatus.

The phenomena referred to as "glow dis-

charge" is utilized in a variety of commercial appli-
cations, including glass coating, cathode sputtering,
reactive ion etching, nitriding and carburizing, to
name a few. Basically, a glow discharge occurs when
an 1lonizable gas 1s introduced into an evacuated

chamber .between two electrodes of different electrical

potential, the potential difference between the

electrodes being sufficient to ionize the gas. This
potential difference may be anywhere from 200‘ volts to
800 volts dc.

Once iénized, the positiv.ely .charged lons
| e;i'e attracted by, and rr{ove toward the c‘athode.‘ A
material mounted to the cathode can be coated Dy

impa&ting 1ions in thils manner. In other . glow
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discharge processes such as sputtering, for example,
impacting ions dislodge particles.of a target material
and cause the dislodged n»articles to be deposited as a
thin film on a substrate to be coated. The substrate
is usually mounted to the anode, opposite from the
target. Sputter coating of this type 1s particularly
useful in coating a sheet of glass for tinting, .or
imparting a low emissivity to the glass to block
infrared light. Materials such as titanium, zinc,
gold, aluminum, or silver may be sputter coated onto
glass. - A glow discharge apparatus may be planar or
cylindrical. .; -
To 1increase the efficiliency of the glow
discharge proééss, a matjnet may Dbe locatea adjacent to
the cathode to superimpose a magnetic field over the
target .and' form a denser plasma. A magnetron glow

discharge apparatus of this type is disclosed in U.S.

Patent No. 4,422,916,

Due -‘to the relatively high d.c. voltage

applied between the anode and cathode of a glow
discharge apparatus, electrical shorting .or arc
formation may occur. with a relatively high frequency,
as often as 2000 times or more per second. While some

of these electrical arcs may extinguish due to fluc-

tuation of gas pressure 1in the chamber, many other

electrical arcs will persist until power 1S
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disconnected. Current levels during an electrical arc
may be as high as 300 amps, depending upon the oper-
ating voltage. At these current levels, arcing may
damage the power sﬁpply, the targe£ matérial at the
cathode or the substrate at the anode. To.avoid thils
potential damage, 1t is critical that electrical arcs
between the electrodes of a glow discharge machine be
detected and terminated as gquickly as possible.

In some systems electrical arc quppressiqn .
is accomplished by momentarily disconnecting a rec-
tified a.c. power supply. However, once disconnected,
it is possible that power may not be resupplied to~fhe
electrodes until another half of an electrical cycle
has elapsed. For power suppliles opefating at rela- -
tively low frequ_encieé, this delay presents a problem.
For example, a three ‘phase, 6 pulse ux{it, 60Hz power
supply is commonly employed in many glow discharge

operations, due to both practical and economical

reasons. Once a power supply of this type has been
interrupted, it is possible that power will not bDbe
resupplied to the electrodes for another 2.66 milli-
seconds. Additional time 1is also required- for the

energy stored in the inductor in the power supply toO

"disslpate. This time is typically about 50 milli-
seconds. In view of the high frequency of arcing,
i.e., as often as every 500 microseconds, this time

duration is simply not acceptable.
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Even if arcing does not actually occur with such
a high degree of frequency, the time delay associated

with any arcing at all 1s considered unacceptable
because it reduces the machine's "“throughput", i.e.,
rate of processing, and production efficiency suffers.

While high frequency power supplies, i.e., those
on the order of 10KHz, could be employed to solve the
above-noted problem by simply reducing the time of an
electrical half cycle, high frequency power supplies are
generally very expensive, and due to rippling effects,
it 1is difficult to maintailn a consistent high power
level at the electrodes.

Another approach to arc suppression involves the
use of a capacitor connected across the electrodes, with
a polarity the same as that of the power supply. When
an arc occurs, the capacitor initially dumps its stored
charge 1into the arc, and then extinguishes the arc
during recharge. Although this approach does ‘not
necessitate temporary disconnection of the power supply,
this "dumping" of charge from the capacitor often
adversely affects the material mounted at the cathode,
an effect sometimes referred to as "splattering". A
passive electrical protection system against high
voltage vacuum breakdowns, based on the principle of
oscillatory.discharges in an RLC network coupled with a
diode, 1s disclosed 1n a document, "Nuclear Instruments
and Methods 1n Physics Research" Section A, Vol. A285,
no. 3, pp 527-31, 20th December 1989, by M. Fumelli et
al. |

It is therefore an object of this invention to
provide an electrical «c¢ircuit that quickly and
effectively detectcs and suppresses an electrical arc
between two electrodes of a glow discharge apparatus.

It 1is another object of this invention to
provide an electrical circuit that suppresses an arc
between two electrodes of a glow discharge apparatus

without requiring the time delays normally associated
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with disconnection of the electrical power supply to the
apparatus.

It 1s still another object of the invention to
provide an electrical circuit that effectively
suppresses an electrical arc 1in a glow discharge
apparatus supplied by a 60Hz electrical power supply.

It 1s still another object of this invention to
provide a relatively simple and efficient electrical
circult that may be 1installed between a glow discharge
apparatus and a 60Hz power supply in order to provide
fast arc detection and suppression.

This 1inventilion contemplates an electrical
circuit that detects an arc between two electrodes and
then 1nitiates discharge of a charged capacitor toward

the cathode and along a resonant path to divert current
from the electrodes and extinguish the arc.

An arc diverter for extinguishing an arc inﬂ';
glow discharge apparatus 1in accordance with the
invention comprises a detector adapted to detect an arc
between two electrodes of a glow discharge apparatué: a
resonant diverting circuit adapted to discharge a stored
charge along one of two resonant diverting paths to
divert electrical current from the electrodes to

extinguish the arc and restore the charge for subsequent
discharge along the other of the two resonant diverting
paths; and a switchling network actuated by the detector
to trigger the resonant diverting circuit to divert the
electrical current along the first resonant diverting
path upon an 1initial actuation by the detector, along
the second path upon a subsequent actuation BY the
detector, and to alternate current diversion between the

two paths thereafter upon subsegquent arc detections.

The detector detects an arc condition between
two electrodes of a plasma discharge apparatus when the
electrode voltage differential falls below a

predetermined set point voltage. The resulting signal

actuates a switching network which triggers a pair of
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switches in the resonant diverting circult to allow the
capacitor to discharge in a first direction toward the
cathode and along the first resonant diverting path.
Upon the next arc detection, the switching network
triggers the other pair of switches to allow the
capacitor to discharge in the other direction, but still
toward the cathode, and along the second resonant
diverting path. Subsequently, upon each detection, the
switching network alternately triggers one of the two
pairs of switches to discharge the capacitor 1in a

direction opposite that of the previous discharging.

For a glow discharge apparatus operating at
about 200 amps at a voltage of about 800 volts D.C., an

arc diverter of the type described can detect and

extinguish an arc within about 100 microseconds. It 1is
important to note that the power supply must have a
sufficient inductance to prevent a s"ignificant curren{:'
change within this time period. This 1inductance may be
as low as 8-10 millihenrys, a value that 1s lower than
the inductance value commonly utilized in power supplies
of this type to provide nofmal ripple reduction.

The resonant diverting circuit may 1include two
pair of switches, where one of the switches from each of
the pairs holds the capacitor in a charged state. Upon

arc detection, a switching network triggers one
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of the two holding switches to allow discharge of the

capacitor in a first direction along a first resonant

diverting path. The first resonant diverting path
includes an inductor, the holding switch which 1is
located between the capacitor and the cathode, a diode
which is located between the cathode and the anode,
and another switch which completes the loop and
enables the capacitor to recharge for subsequent dis-
charge in an opposite direction.

When triggered, the half sine wave current
pulse” along the resonant diverting path exceeds the
process current. The current flow through the qz,ode
. toward the anode forces the voitage across the elec-
trodes to near zero for a time determined by the
capacitance and inductance values of the resonant
diverting 'circult. .This effectively short circuits
the power supply and diverts current from the elec-
trodes, tﬁus suppressing 'and extinguishing the arc.
The capacitor 1s also recharged at the end of the
current pulse so that it may be subsequently dis-

charged in an opposite direction. Upon the next arc
detection, the switching network simultaneously
t.r.jiggers the other pair of swltches to .allow the
capacitor to diéchérée 1n- the opposite direction, and
current flows along ﬁ second resonant diverting path.
Upon each subsequent arc detection, the diverting

circuit is triggered to alternate discharging of the
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capacitor back and forth between the first and second
resonant diverting paths.

The four switches surround the capacitor in an H
configuration. Although the capacitor alternatively
discharges in opposite directions, the four switches are
configured so that the polarity of the charged capacitor
is always opposite to that of the connected power
supply. Thus, for both resonant diverting paths,
current flow 1is routed first to the cathode and then to
the anode and back to the capacitor for recharging.

The switching network may 1include a current
limit circuit which senses the current flowing in the

resonant diverting circuit. The magnitude of the sensed '
current is used to control the length of time that must
lapse before the switching network can be triggered
again. The higher the magnitude of the sensed current,

’
¢ -~

the longer the duration before the next triggering.

The switching network may also provide circulitry
for preventing simultaneous triggering of both pairs of
switches, and a retrigger circult that retriggers ohe
pair of the switches to cause a second diversion if the
initial diversion produced by the originally triggered
pair of switches did not extinguish the arc. At start
up, a start-up portion o©of this retrigger circuit
prevents "free running" of the retrigger mode until the

capacitor has _been 1initially charged.

Additionally, the detector may include a counter
to 1indicate the number of times an arc has been

detected.

The invention will now be described with
reference to the accompanying drawings in which:

Fig. 1 1is a circuit schematic of a resonant

diverting circuit used 1n an arc diverter in accordance
with the invention:;

Figs. 2A and "B are circuit schematics of a
detector and a switching network used in an arc diverter

in accordance with the invention: and

Fig. 3 1s a graph depicting current versus

time for current flowing in the resonant diverting circuit along
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one of the two resonant diverting paths.

Figs. 1, 2A and 2B show circuit schematics

for an arc diverter 10 in accordance with

) the invention. The arc diverter 10
detects and extinguishes an arc between a cathode 11
and an anode 12 of a plasma discharge apparatus (not
shown) . Generally, the arc diverter 10 1includes a
detegtor, a resonant diverting circuit and a switching

network.

Fig. 1 shows the electri.cal components of
the résonant diverting circuit. The diverting circulit
includes a capacitor 16 éﬁd an .jﬁ.nductor 17 1n sex:j.es,
and isolated in a‘ri-.'“;‘H" configquration by four switches,
numbered 20, 21, 22 and 23. The switches are trig-
gered by the switch.ing network, and are preferably
SCRs. Until triggering, switches 20 and 21 hold the

capacitor 16 1in a charged condition. When an arc

between cathode 11 and anode 12 1s detected, the
switching network 1s actuated to trigger, elther
switch pair 23 and 21 or switch pair 22 and 20. When

switches 21 and 23 are simultaneously triggered, <he

capacitor 16 discharges 1n the direction "shown Dby

directional arrow 26. When switches 20 and 22 are

simultaneously triggered, capacitor 16 discharges 1in
the direction shown by directional arrow 27. The
switching network is designed to alternate triggering

of these switch pailrs 'upon subsequent arc detections.

SeastA |
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The switching network 1s also designed to prevent

<imultaneous triggering of both sets of switches.
Depending upon which switch pair has been

triggered, discharge of capacitof 16 will produce an

electrical current through either switch 20 or switch

21. In either case, the electrical current 1s 1ni-

tially in the direction of cathode 1ll1l. The current

continues through diode 25, then via the anode to pass

through either switch 22 or 23 to recharge capacitor

16 for subsequent discharge 1in an opposite direction.

Thus, 'the four switches and the diode 25 define two
resonant diverting paths for a q’urrent pulse prod&g:ed
by discharge of capacitdr 16. .One of the diverting
paths 1includes switch 21, cathode 111, diode 25, anode
12 and then switch 23. The other of the divérting
paths includes switchﬁ 20, cathode 11, dliode 25, anode
12 and switch 22. The diverting circuilt may |
also inclu;ie;- a resistor 28 to protect. the' capacitor
16. Capacitors 30, 31, 32 and 33 also provide proQ-

tection for switches 20, 21, 22 and 23, respectively.

i

Additional circuit protection is provided DbY voltage

suppressors 35, 36, 37 and 38, resistors 40, 41, 42
and 43, and capacitors 46, 48, 50 and 52. Values
and/or part numbers for- the elecf:ron:i:c components

shown in -Figs. 1, 2A ana 2B are incluaed in an

Appendix at the end of this detailed description.
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Fig. 1 also shows a detector and switch'incj

network, generally indicated by qumeral 55. A‘ fan 56
may be used to provide cooling of the components of
the arc diverter 10. Alternatively, the componénts
may be water cooled. Fig. 1 also shows a current
transformer 59 used to sense current 1ln the resonant
diverting circuilt.

The bottom portion of Fig. 2A depicté a
conventional d.c. power supply for the var;ious' compo-
nents of the arc diverter 10.

Fig. 2A also shows the electronic components
that for.;m the detector. Electrical conductors 74 ‘and

r ¥

75, also shown in Fig. 1, are connected to the cathode

11 and anode "12, respectively. Operational amplifier
78 and resistors 79, 8‘0, 81 and 82 provide a sténdard
differential 1input | amplifier for amplifyilng the‘
voltage. diffe‘rer;ce between the cathode 11 and the
anode 12. When an arc océurs between cathode 11 and

anode 12, the output from amplifier 78 falls to a

lower level then when the glow discharge apparatus 1S
operating 1in a steady stat.e mode, Wwith a stable
plasma. Voltage comparator 86 compares the differen-
tial voltage with a set point voltage provided Dby
potentiometez_' 92. When the voltage fro}n amplifier 78

' fails belcw the lev.el set - by potentiometer 92, ‘tﬁe.
output of comparator 86 1indicates an arc condition,

and a signal is provided to NOR gate 95. This signal

-
2
.

X
[
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1s fed via NOR gates 96 and 97 to the trigger inpuﬁ of
maliln one shot 98 which provides an output pulse on
line 100 with a duration determined by capacitor 122

and resistors 119 and 121 and field effect transistor

118.

This duration 1s 1nitlated by the current
flow 1in coil 17 sensed by current transformer 59. A
counter-voltage generated in response to frequency of
current flow through coil 59 1s rectified by ‘diodes
125, 126, 127 and 128 to produce a currént flow of

about one amp through resistor 129 and to develop a

voltage of about 100 millivolts. This voltage 1s

compared with a voltage set by potentiometer 134 and

integrated by operational amplifier 1.37. The signal.
from operationa} amplifier 137 affects the operating
point of FET 118. -If high current freduency 1S
detected by current transformer 59, the bias voltage
for FET 118 1s decreased, “and the pulse width output
supplied on 1line 100 1is increased. This circuitry

protects- the diverting circuit by limiting the fre-

quency of firing, 1.e., by 1lncreasing the duration of

time that must elapse before the next triggering

LN

pulse.

The pulse from one-shot 98 1is input, via line |
100, to the clock input of flip flop 140 (See Fig. 2B) to
toggle its output. The output signals of flip flop

140 alternatively drive pulse generators 143 and 153 and

R
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their associated components to ultimately control
triggering of SCRs 20, 21, 22 and 23. Pulse genei:atof

143 drives SCR pair 20 and 22 and pulse generator 153

drives SCR pair 21 and 23. NAND gates 141, 142, 1531,

152 and inverters 164 and 184 prevent simultaneous

actuation of both sets of switches.

The pulse on line 100 1s also 1nput to
another one-shot 109, and after a time delay
established by resistor 110 and capacitor 111, a
signal via NOR gate 96 retriggers the main one-shot 98
if the first current pulse does not extinguish the
.arc. At start up, the switches :are initially "on#.to
charge the capacitor 16. A starting circuit that
includes capacitor 102, comparator 107 and NAND gate
108 is input to the reset of flip flop 109 to prevent
"free runhing" of f.his retriggering mode of the
diverting circuit until the power supply has fully

charged capacitor 16.

- The optional external potentiliometer 112 or

potentiometer 92 may be varied to change the sensi-

tivity of the detector. By 1increasing the 1input
voltage to comparator 86, a lesser decrease 1n the
differential voltage .between the cathode 11 and the
.anode .12 ls required i;o signal an arcing condition.
Fig. 3 shows a current pulse '.prc‘aduced when
the diverting circuit 1is triggered. If the operating

current 1is about 200 amps, the diverting current

SUBSTITUTE SHEET
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exceeds the operating current from time T] until time

T2, or for a duration indicated as t3, which is less

than 100 microseconds.

SUBSTITUTE SHEET




WO 91/18027

10
11
12
16
17
20
21
22
23
25
28
30
31
32
33
35
36
37
38
40
41
42
43
46
48
50
52
55
59
60
61
62
63
64
65
66
67
68
69
70
71
72
78
79
80
81
82
84
85
86
89
90

/S
> o e Ko

2077902 APPENDIX

arc diverter
cathode connection
anode connection
45 microfarads

30 microhenrys
SCR 200A/2000V
SCR 200A/2000V
SCR 200A/2000V
SCR 200A/2000V
diode 1N914B

10K ohms

0.047 microfarads
0.047 microfarads
0.047 microfarads

0.047 microfarads
voltage suppressor V751DB40

voltage suppressor V751DB40
voltage suppressor V751DB40
voltage suppressor V751DB40
25 ohms

25 ohnms
25 ohnms

25 ohms

0.22 microfarads
0.22 microfarads
0.22 microfarads
0.22 microfarads

arc detector/switching network

200:1 current transformer

turn ratio 120:36CT
diode 3N248

diode 3N248

diode 3N248

diode 3N248

1000 microfarads
1000 microfarads
0.1 microfarads

0.1 microfarads

0.1 microfarads
O.]1 microfarads

voltage regqgulator 7815
voltage regulator 7915
differential amplifier OP 07
1.0M ohm

1.0M ohm

1.0K ohm

1.0K ohm

10K ohm

0.001 microfarad
comparator 3302

10K ohm

" 0.1 microfarad

PCT/US91/01895
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91 2.74K ohm
92 potentiometer 200 ohm
94 10K ohnms

95 NOR 4001

96 NOR 4001

97 NOR 4001

98 one-shot 4098
102 1.0 microfarad
103 100K ohms

104 10K ohms

105 1.0M ohms

106 10K ohms

107 comparator 3302
108 NOR 4001
109 flip flop 4098

110 10K ohnms
111 ©0.01 microfarads

112 optional external potentiometer 200 ohms

113 INVERTER 4049
114 LED

115 1.0K ohms

118 FET ZN4392

119 121K ohms

120 1.0M ohms

121 20K ohms

122 0.047 microfarads
123 diode 1N914B

124 0.01 microfarads
125 diode 3N248

126 diode 3N248

127 diode 3N248
128 diode 3N248
129 0.1 ohms

130 100K ohms
131 49.9K ohnms

132 100K ohnms

133 30.1K ohms

134 potentiometer 200 ohms

135 0.001 microfarads

136 diode 1N914B

137 differential amplifier OP 07
140 flip flop 4013

141 NAND 4011

142 NAND 4011

143 multivibrator 555
144 6.81K ohns

145 49 .9K ohms

146 0.01 microfarads
147 0.1 microfarads
148 diode 1N914B

149 diode 1N914B

151 NAND 4011

152 NAND 4011

153 "multivibrator 555
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154
155
156
157
158
159

161
162
163

164
165
166

167
168
169
170
171
181

182
183
184
185
186
187

188

189
190

191

6.81K ohms

49.9K ohms

0.01 microfarads
0.1 microfarads
diode 1N914B
diode 1N914B

FET BUZ 60

0.005 microfarads

1K ohm

INVERTER 4049
0.47 microfarads

100 ohms

diode 1N914B
turns ratio 1:1
turns ratio 1:1
10 ohms

10 ohnms

FET BUZ 60

0.005 microfarads
1K ohm

INVERTER 4049
0.47 microfarads
100 ohnms

diode 1N914B
turns ratio 1:1
turns ratio 1:1
10 ohms

10 ohns

PCT/US91/01895
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An arc diverter for extinguishing an arc 1n a glow
discharge apparatus comprising:

a detector adapted to detect an arc between two
electrodes of a glow discharge apparatus;

a resonant diverting circuit adapted to discharge a
stored charge along one of two resonant diverting paths to
divert electrical current from said electrodes to extinguish
the arc and restore said charge for subsequent discharge along
the other of the two resonant diverting paths, said resonant
diverting circuit including a capacitor for holding said
stored charge, the capacitor being dischargeable and
rechargeable in two directions and lying in both of said
resonant diverting paths; and

a switching network actuated by the detector to trigger
the resonant diverting circuit to divert the electrical
current along a first of the resonant diverting paths upon an
initial actuation by the detector, along a second of the paths
upon a subsequent actuation by the detector, and to alternate
current diversion between the two paths thereafter upon
subsequent arc detections.

2. The arc diverter of claim 1 wherein sald resonant
diverting circuit further comprises:

an inductor in series with the capacitor and having an
inductance selected to provide discharging and recharging of

said diverting circuit within about 1000 microseconds.
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3. The arc diverter of claim 1 wherein sald resonant
diverting circuit further includes a diode which lies 1in both
of said diverting paths.
4 . The arc diverter of c¢laim 1 wherein said resonant
diverting circuit further comprises:

four switches, a first pair of said switches forming
part of a first resonant diverting path and adapted to be
triggered simultaneously by the switching network to discharge
said stored charge along said first resonant diverting path
and to restore said charge for subsequent discharge along a
second of said resonant diverting paths, a second pair of said
switches forming part of said second resonant diverting path
and adapted to be triggered simultaneously by the switching
network to discharge said stored charge along said second
resonant diverting path and to restore said charge for
subsequent discharge along said first resonant diverting path.
5. The arc diverter of claim 4 wherein the four switches
in the diverting circult are SCRs.
6 . The arc diverter of claim 1 wherelin the resonant
diverting circuit further comprises:

four switches isolating the capacitor and holding 1t 1in
a charged condition between the electrodes, a first pair of
said switches forming part of a first resonant diverting path
and triggered simultaneously by the switching network to
enable discharging of the capacitor 1n a first direction along
the first resonant diverting path to divert current from the
electrodes and recharge the capacitor for subsequent discharge
in an opposite direction, a second palir of the switches

forming part of a second resonant diverting path and triggered
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simultaneously by the switching network to enable discharge of
the capacitor in said opposite direction and along said second
resonant diverting path to divert current from the electrodes
and recharge the capacitor for subsequent discharge 1n said
first direction.
7. The arc diverter of claim 6 whereilin the resonant
diverting circuit further comprises:

an inductor in series with the capacitor and having an
inductance selected to provide discharging and recharging of

said capacitor within about 100 microseconds.

8. The arc diverter of claim 6 wherein the four switches
are SCRs.
9. The arc diverter circuit of claim 1 wherein said

detector further comprises:

a counter to count the number of times an arc has been
detected.
10. The arc diverter of claim 1 wherein said switching
network further comprises:

means for sensing current flow through said diverting
circuit to establish a time duration before the next
triggering of said resonant diverting circuit.
11. The arc diverter of claim 4 wherein said switching
network further comprises:
means for assuring that said first and second pairs of
switches are not triggered simultaneously.
12. The arc diverter of c¢laim 1 wherein sailid detector
further includes a comparator for comparing the voltage across

the electrodes with a predetermined set voltage and further

comprising:
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a potentiometer for varying the predetermined set

voltage.
13. The arc diverter of claim 1 wherein said switching
network further comprises:

a retrigger circuit to retrigger sald resonant
diverting circuit if a first current pulse does not extinguish
the detected arc.

14 . The arc detector of claim 13 wherein said retrigger
circult further comprises:

a start up circuit to inhibit said retrigger circuit
until a predetermined time delay has elapsed.

15. The combination of claim 1 wherein the glow discharge

apparatus includes a cathode and the switching network diverts

electrical current toward the capacitor.

16. An arc diverter for extinguishing an arc in a glow

discharge apparatus comprising:

a detector adapted to detect an arc between two
electrodes of a glow discharge apparatus;

a switching network actuated by the detector upon
detection of an arc; and

a resonant diverting circuit 1ncluding a capacitor and

four switches, the capacitor adapted to be electrically

isolated in a charged condition between said electrodes by
said four switches;

a first pair of said four switches forming part of a
first resonant diverting path and adapted to be triggered
simultaneously by the switching network upon i1nitial detection

of an arc to enable discharge of the capacitor i1in a first

direction to divert electrical current from the electrodes and
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extinguish the arc and to recharge the capacitor for
subsequent discharge in an opposite direction; and

a second palir of said switches forming part of a second
resonant diverting path and adapted to Dbe triggered
simultaneously by the switching network upon the next
detection of an arc to enable discharge of the capacitor 1in a
second direction along the second resonant diverting path to
divert electrical current from the electrodes and extinguish
the arc and to recharge the capacitor for subsequent discharge
in said first direction, said first and second palrs of
switches being alternately triggered by said switching network
upon subsequent actuations.
17. The arc diverter of claim 16 wherein the resonant

diverting circuit further comprises:

a diode connected electrically across the electrodes
and residing 1in both said first and sald second resonant
diverting paths.

18. The arc diverter of c¢laim 16 wherein said detector
further comprises:

a counter for counting the number of times an arc has
been detected.

19. The arc diverter of claim 16 wherein the switching
network further comprises:
means for assuring that both said pairs of switches are not
triggered simultaneously.
20. The arc diverter of claim 16 wherelin the switching

network further comprises:
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means for sensing current flow through said diverting
circuit to establish a time duration before the next
triggering of said resonant diverting circuilt.
21. The arc diverter of claim 16 wherein said detector
further includes a comparator for comparing the voltage across
the electrodes with a predetermined set voltage and further
comprising:

a potentiometer for varying the predetermined set
voltage.
22. A method for extinguishing an arc in a glow discharge
apparatus comprising the steps of:

detecting an arc between two electrodes of a glow
discharge apparatus;

discharging, in response to said detection, a stored

charge in a first direction along one of two resonant

diverting paths to divert electrical current from the
electrodes and extinguish the arc and restore a charge for
subsequent discharge in an opposite direction along the other
of the two resonant diverting paths; and

alternating the direction of discharge and the path of
current diversion upon each subsequent detection of an arc
between said electrodes.
23 . A method for extinguishing an arc 1n a glow discharge
apparatus comprising the steps of:

detecting an arc between two electrodes of a glow
discharge apparatus;

discharging, in response to an 1nitial detection, a
charged capacitor in a first direction to divert electrical

current from the electrodes and extinguish the arc
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therebetween and recharge the capacitor fo subsequent

discharge in an opposite direction; and

discharging, in response to the next detection of an
arc, the recharged capacitor in said opposite direction to
divert electrical current from the electrodes and extinguilsh
the arc therebetween and to again recharge the capacitor for
subsequent discharge in said first direction.
24 . The method of claim 23 and further comprising the step
of :

controlling a first set of switches in a switching
network to trigger discharge of the capacitor in said first

direction wupon initial detection of an arc and also

controlling a second set of switches in the switching network
to trigger discharge of the capacitor 1in said opposite
direction upon the next detection of an arc; and

alternately triggering said first set of switches and

said second set of switches upon each subsequent detection of

an arc.
25. The method of claim 24 and further comprising the step
of :
counting the number of times an arc has been detected.
26 . The combination comprising:
a glow discharge apparatus including two electrodes;
a detector adapted to detect an arc between the
electrodes;

a resonant diverting circult adapted to discharge a
stored charge along one of two resonant diverting paths to

divert electrical current from said electrodes to extinguish
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rhe arc and restore said charge for subsequent discharge along
the other of the two resonant diverting paths; and

a switching network actuated by the detector to trigger
the resonant diverting circuit to divert the electrical
current along a first of the resonant diverting paths upon an
initial actuation by the detector, along a second of the paths
upon a subsequent actuation by the detector, and to alternate
current diversion between the two paths thereafter upon
subsequent arc detections.

27 . The combination comprising:

a glow discharge apparatus including two electrodes;

a detector adapted to detect an arc between the
electrodes;

a switching network actuated by the detector upon
detection of an arc;

a resonant diverting circuit including a capacitor and
four switches, the capacitor adapted to be electrically
isolated in a charged condition between said electrodes Dby
said four switches;

a first pair of said four switches forming part of a
first resonant diverting path and adapted to be triggered
simultaneously by the switching network upon initial detection
of an arc to enable discharge of the capacitor in a first

direction to divert electrical current from the electrodes and

extinguish the arc and to recharge the capacitor for
subsequent discharge in an opposite direction; and

a second pair of said switches forming part of a second

resonant diverting path and adapted to Dbe triggered

simultaneously by the switching network wupon the next
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detection of an arc to enable discharge of the capacitor 1n a

second direction along the second resonant diverting path to

divert electrical current from the electrodes and extinguish
the arc and to recharge the capacitor for subsequent discharge

in gsaid first direction, said first and second pairs of
switches being alternately triggered by said switching network

upon subsequent actuations.
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