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This invention relates to electric systems for controlling 
the operation of electric discharge devices, and more par 
ticularly to such systems in which the discharge device 
has a plurality of trigger electrodes disposed in the dis 
charge path between the principal electrodes. 

In such devices, the discharge arc is extended over a 
considerable distance through the use of multiple trigger 
electrodes. This feature, although advantageous for 
many reasons, is not without problems. Among these 
problems are the relatively long commutation delay time, 
and jitter in the discharge arc. Commutation delay time 
is the time which elapses between the application of the 
triggering impulse and the formation of the discharge arc 
within the device. Jitter is the time difference observed 
in commutation delay times when the device is triggered 
at high repetition rates. 

It is, therefore, an object of this invention to provide 
a new and novel electric system for controlling the opera 
tion of discharge devices with multiple trigger electrodes. 
Another object of this invention is to provide an elec 

tric circuit that greatly reduces commutation delay time, 
A further object is to provide a positive triggering 

system to reduce or eliminate jitter. 
in summary, my invention utilizes a breakdown device 

in the circuitry of the trigger electrode adjacent the high 
voltage principal electrode to hold the trigger pulse off 
that trigger electrode until it builds up to a substantially 
higher potential than that on the other trigger electrodes. 
The breakdown device then passes this pulse thereby in 
suring that this trigger electrode is the last to fire and 
does so with a more intense triggering pulse. 

Other and further objects will be hereinafter pointed 
out in the following specification and more particularly 
in the appended claims. 
My invention will be better understood by referring to 

the following description taken in conjunction with the 
attached drawing, the single figure of which is a schematic 
drawing of the preferred embodiment of my invention. 

Referring now to the circuit shown in the drawing, an 
electric device it is shown having a pair of principal elec 
trodes 20 and 39 with a plurality of trigger electrodes 13, 
12, 13, 14 and 15 disposed therebetween. The discharge 
device () may be of the type disclosed in U.S. Letters 
Patent No. 2,977,508, issued on March 28, 1961 to Ken 
neth J. Germeshausen, entitled "Gaseous-Discharge De 
vice and System,' and assigned to the same assignee as 
the present invention, or any other similar device in which 
the principal electrodes are separated by a considerable 
distance and a piurality of probe-type trigger electrodes 
are disposed in the space therebetween to aid in ionizing 
the discharge path and guiding the discharge arc. 

Connected across the principal electrodes 20 and 30 is 
a source of high voltage potential represented as a capaci 
tor 21, which may be charged from a power Supply (not 
shown) through terminals 3 and 33. Capacitor 21 
applies a high voltage potential across principal electrodes 
20 and 39 which potential is normally ineffective in pro 
ducing a discharge arc between the principal electrodes. 
When, however, triggering inpulses are applied to the 
trigger electrodes 1, 12, 3, 14 and 15 and the discharge 
path is ionized, this potential is effective to cause a Sudden, 
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high-energy discharge between the principal electrodes 28 
and 30. 
A source of triggering impulses 24 is provided to ener 

gize the trigger electrodes i, 22, 13, 4 and 15 to permit 
a discharge to take place within device 10. The source 
24 may be a trigger circuit of the type taught in U.S. 
Letters Patent No. 2,478,901 issued on August 16, 1949 
to Harold E. Edgerton, and entitled "Electric System,' 
and assigned to the same assignee as the present invention 
or any other source of high-voltage pulses. A step-up 
trigger pulse transformer 26 may be used to increase the 
voltage of the triggering impulses from trigger source 24. 
Primary winding 28 is connected to the source of trigger 
ing impulses 24 while the secondary winding 27 is con 
nected to trigger electrode 11 through breakdown device 
25 and to each of trigger electrodes 12, 13, 14 and 5 via 
common point 29. From this common point 29, the 
trigger pulse is fed to trigger electrodes 12, 13, i4 and 15 
through isolating impedances such as, for example, isolat 
ing capacitors 16, 17, 18 and 19 respectively. Isolating 
impedances are employed to insure that the triggering 
impulse is applied individually to each of the trigger elec 
trodes, and that each trigger electrode individually dis 
charges its potential. 

Trigger electrode 11 is connected to secondary winding 
27 of transformer 26 through breakdown device 25 for 
reasons hereinafter set forth. Breakdown device 25 may 
be any electric or electronic component that has the char 
acteristic of holding off voltage pulses until such time as 
they reach a predetermined voltage level at which time, 
they instantly become conductive and pass the pulse as a 
spike or burst of energy. Diodes may be used as the 
breakdown device, including gas-filled, vacuum, Semi 
conductor or solid-state diodes as long as they (1) hold 
off pulses up to a predetermined voltage and (2) pass the 
pulse very rapidly once the predetermined voltage is 
reached. Spark gaps work very well as the breakdown 
device 25 and our best results have been obtained using a 
spark gap of the type disclosed in the copending applica 
tion for U.S. Letters Patent Serial No. 292,867, filed July 
5, 1965 by Louis Lucas, entitled "Electric-Discharge 
Device, and assigned to the assignee hereof. Breakdown 
device 25 may be disposed within the envelope of device 
10, but preferably, it is disposed outside the device where 
it can be adjusted or replaced as may be necessary. 

In operation, capacitor 21 is charged to a high voltage 
potential from a power supply (not shown) throughter 
minals 32 and 33. This potential is maintained across the 
principal electrodes 20 and 30. When it is desired to 
discharge this energy within device i0, a trigger pulse is 
fed from the source of triggering inpulses 24 to the pri 
mary winding 28 of step-up trigger transformer 26 where 
it induces a high voltage trigger pulse in the Secondary 
winding 27. This trigger pulse is fed substantially simul 
taneously to breakdown device 25 and to each of trigger 
electrodes 12, 13, 14 and 15 through isolating impedances 
16, 7, 8 and 19 respectively. 

Let us consider principal electrode 20 as the high-voltage 
or anode electrode and principal electrode 30 as the low 
voltage or cathode electrode. When the high-voltage 
trigger pulse from the secondary winding 27 is present at 
the end of trigger electrode 15, it causes the medium there 
about to become ionized and a discharge to pass from 
trigger electrode 15 to cathode 36. As a result of this 
discharge, the potential on trigger electrode 5 drops to 
substantially cathode or ground potential. The greatest 
voltage gradient is now present between trigger electrode 
14 with its high-voltage trigger potential and trigger elec 
trode 15 which is at cathode potential. An arc discharge 
takes place between trigger electrodes 14 and 15 thus ex 
tending the ionized discharge path from trigger electrode 
14 to cathode 30. This breakdown process continues 
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very rapidly until the ionized discharge path extends from 
trigger electrode 2 to cathode 30. 

It is a more difficult task to stretch this path all the 
way to the anode 20 because the voltage gradient is not 
as great since the anode 20 is already held at a high poten 
tial by capacitor 21. To ensure full and positive trigger 
ing of trigger electrode 11 and to make this trigger elec 
trode the last to fire, I have employed breakdown device 
25 intermediate the secondary winding 27 and trigger 
electrode 3. The trigger pulse from the secondary wind 
ing 27 is applied to electrode 23 of breakdown device 25 
at substantially the same instant of time it is applied to 
the ends of trigger electrodes 12, 13, 14 and 15. Break 
down device 25 prevents the trigger pulse from reaching 
the probe end of trigger electrode 1 until the potential 
of the trigger pulse rises above a predetermined minimum 
voltage. By so doing, energization of trigger probe 11 is 
delayed, thus ensuring that it is the last trigger electrode 
to fire. Furthermore, a large amount of energy, essen 
tially all that is remaining in the trigger transformer 26, 
is discharged through trigger electrode 1 into the weaker 
trigger spark that has already been formed from trigger 
electrode 12 to cathode 30. This greater trigger arc 
causes heavy ionization in the vicinity of the space be 
tween trigger electrode 12 and anode 20, thereby extend 
ing the ionized discharge path from cathode 30 to anode 
20. Capacitor 21 then discharges its stored energy 
between principal electrodes 20 and 30 along this ionized 
discharge path. The heavy ionization caused by the in 
creased energy applied to trigger electrode 1 shortens 
the commutation delay time, thereby increasing the speed 
of response of the device 10 to triggering impulses. This 
also reduces jitter and increases the maximum repetition 
rate at which the discharge device 0 may be operated. 
As an example, consider capacitor 2 to be a 0.5 puf. 

capacitor charged to about 600 volts and the trigger pulses 
to be short-duration 3000-volt pulses. When such pulses 
are fed to trigger electrodes 12, 3, 4 and 15, they fire 
on the leading edge of the pulses at about 1500 volts. 
The critical voltage of breakdown device 25 can be pre 
determined to insure that it does not fire until the trigger 
pulse voltage rises to about 2500 volts. In this way, trig 
ger electrode 11 is made to fire last with greater energy 
than the other trigger electrodes. Although the break 
down device 25 introduces an infinitesimally small delay 
to the trigger pulse applied to trigger electrode 11, this 
action, due to the increased energy thereof, actually 
shortens the delay time between triggering and firing. 
In the above example, this delay time was reduced by 
approximately 55% by use of the breakdown device. 
Although I have described my invention with a certain 

degree of particularity, modifications will occur to those 
skilled in the art and all such are deemed to fall within 
the spirit and scope of my invention. 

I claim: 
1. An electric system comprising: 
a discharge device having an anode, a cathode and a 

plurality of trigger electrodes disposed therebetween; 
means for connecting the anode and cathode across a 

source of potential normally ineffective to cause a 
discharge therebetween; 
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4. 
means for connecting each of said plurality of trigger 

electrodes to a source of triggering impulses; 
a breakdown device connected in series with said 

source of triggering impulses and the trigger elec 
trode adjacent the anode electrode, said breakdown 
device having a breakdown voltage which is greater 
than the firing voltage of the other trigger electrodes 
and less than the maximum voltage of the triggering 
impulses; and 

isolating impedances disposed in said connecting means 
between each of the other trigger electrodes and said 
source of triggering pulses. 

2. An electric System comprising: 
a gaseous discharge device having within its envelope, 
an anode, a cathode spaced from the anode and a 
plurality of trigger electrodes disposed in the space 
therebetween; 

means for connecting the anode and cathode across a 
source of potential normally ineffective to cause a 
discharge therebetween; 

means for connecting each of said plurality of trigger 
electrodes to a source of triggering impulses; 

a breakdown device disposed outside the envelope and 
connected in series with the source of triggering in 
pulses and the trigger electrode adjacent the anode, 
said breakdown device having a breakdown voltage 
which is greater than the firing voltage of the other 
trigger electrodes and less than the maximum voltage 
of the triggering impulses; and 

isolating impedances disposed in the connecting means 
between each of the other trigger electrodes and said 
source of triggering pulses. 

3. An electric system as claimed in claim 2 in which 
said breakdown device is a spark gap. 

4. An electric system as claimed in claim 2 in which 
said breakdown device is a diode. 

S. In an electric system for controlling the operation 
of a gaseous discharge device of the type in which a plu 
rality of trigger electrodes are disposed between an anode 
and a cathode, said anode and cathode being connected 
across a source of potential and said trigger electrodes 
being connected to a source of triggering impulses, the 
improvement for reducing commutation delay time and 
jitter of a breakdown device connected in the circuit of 
the trigger electrode adjacent the anode, said breakdown 
device having a breakdown voltage greater than the firing 
voltage of the other trigger electrodes and less than the 
maximum trigger voltage. 
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