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Abstract 

The use of an electron beam to cont rol the 
conductivity of a high pressure diffuse gas 
discharge has potential application as a hi gh power 
repetitive opening and closing switch.1 For some 
opening switch applications, the electron-beam 
controlled switch (EBCS) must conduct with small 
losses for the time it takes to energize an 
inductor, usually > 1 \IS . In this paper we report 
on the construction of a beam generator capable of 
300 kV, 1 kA (average) electron beam from a cold 
cathode for pulse lengths that can be varied from 
0.5 - 5 \IS. This generator is used to provide the 
electron beam for driving an electron beam 
controlled switch in the- 1 \IS conduction time 
regime. Initial results obtained with the switch 
system will be discussed. 

Introduction 

There is an interest in the application of 
external ly controlled, high pressure , volume 
discharges to high power switching. The 
applications of particular importance involve 
opening switches for both single and repetitively 
pulsed, high power, inductive generators. l Such 
discharges have great potential for these 
applications because they can recover rapidly to the 
original highly resistive state of the gas once the 
external ionizing agent is removed. 

Several authors2-9 have reported on experiments 
and theoretical investigations in which an electron 
beam (e-beam) is used as the external agent to 
sustain the diffuse discharge. In t hese experiments 
the acce 1 erated e-beam is injected into a chamber 
filled with a non-attaching base gas at 1-10 atm 
pressure along with a small admixture (- 1%) of an 
attaching gas. The gas resistivity at any time is 
determined by a competition between i oni zat ion 
provided by the e-beam and the various recombination 
and attaching processes characteristic of the 
specific gas mixture, pressure, and applied electric 
field. This, along with the volume discharge 
property, a 11 ows the gas to return to its ori gina 1 
nonconducting state very quickly once the source of 
ionization is removed . The particular advantages of 
this switching scheme are: 1) the intrinsic 
switching can be made very fast 7 ( - 1 ns), 2) there 
is a potential for repetitive operation at ~ 10 kHz 
in a burst mode7; and 3) the switch inductance, 
mechanical shock, and electrode wear can be 
minimized because of the diffuse nature of the 
discharge. 

Description of the Experiment 

A schematic representation of the demonst ration 
model e-beam controlled switch is shown in figure 
1. It consists of a pressurized chamber containing 
the test gas mixture between two 25-cm diameter 
switch electrodes. The switch anode consists of a 
70% transmitting brass screen. The e-beam enters 
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Fig . 1 Schematic representation of the experi ment . 

the chamber through the anode plate of the e-beam 
diode drilled with 0.5-cm diameter holes such tha~ 
the fraction of open area was 0.68. A 5x10- -em 
thick (2 mil) mylar sheet sealed the switch-to­
vacuum interface. The switch was f i lled with 
various test gas mixtures at pressures from 1 - 10 
atm. When the e- beam was on, current flowed in the 
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Fig. 2 Schematic of the circuit. 

circuit wh ich contained the current source C and the 
inductive store l as illustrated in the equivalent 
circuit shown in Fig. 2. 

The circuit equation is 
1 dlsw 

vc (O) - c f Iswdt - L """"<it- IswRsw=O. (1) 

where C is the capacitance of the capacitor used as 
the current source, Isw is the switch current, L is 
the value of the storage inductance , Vc(O) is the 
i nit i a 1 vo 1 tage across the capacitance C and Rsw is 
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the ESCS transient resistance. Note that in Eq . (1} 
we have assumed Isw "' I, where I = Isw + Ib is the 
total current measured in the switch circu1t. For 
all data shown here Isw = I . Also, in all cases the 

switch polarity is i n such a direction as to 
accelerate the injected e-beam el ectrons . The first 
two terms in Eq.(1) represent the instantaneous 
voltage across the capacitor, Vc· The third term is 

the voltage across the storage inductance. The 
voltage across the switch is Vsw = IswRsw· By 
making Rsw large very quickly, l arge negat1ve values 

of disw/dt can be obtained, leading to high voltage 
across the switch. Because we are using an open 
circuit as a l oad, the output voltage Vo = Vsw· The 

diagnostics used incl uded calibrated Rogowski coils, 
magnetic probes, and a calibrated voltage divider. 

The e-beam cont rolled switch was des 1 gned in 
accordance wi th previously described 
procedures •1 •8 The e-beam cathode cons 1 sted of a 
30-cm diameter carbon felt surface whi ch was shaped 
for a lmost uniform field emission. The A - K gap 
was variable f rom 0 - 20 em. A 250 kV accel eration 
potential was maintained across the diode by a 6-
stage Marx pulser. The e-beam pulse was terminated 
in time by a divert switch connected across the 
diode which it shorted when triggered. The e-beam 
decay time was measured to be ( 100 ns . 

E · BEAM 0100£ 

SWITCH SCREEN 
ELECTRODE 

Fig. 3 I l lust rati on of the EBOS system. 

The physical arrangement of components for the 
electron beam controlled switch system is 
i llustrated in Fig. 3. The six stage oil insulated 
Marx generator was arranged so that a switch co 1 umn 
having a singl e trigger electrode could be used. UV 
radiation from the triggered switch illuminated the 
other 5 gaps and aided their breakdown. To further 
reduce t he triggering jitter, a 100 kV pulse, which 
was equal to a factor of 5 overvoltage, was applied 
to the trigger electrode. 

To convert the conventional Marx output to a 
pulse having an adjustable time duration and 
constant voltage, two additional switches were 
used. The first was an untriggered output switch 
which connected the Marx to the e-beam diode. It 
isolated the diode from the Marx during the period 
of s 1 ow vo 1 tage erection, then broke down at a pre­
selected high voltage. This resulted in a fast 
rise (- 100 ns) of the Marx output voltage. The 
second, called a divert switch, determined the time 
duration of the voltage pulse that was applied to 
the e-beam diode. 
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On command , after a pre-selected del ay, the 
divert switch, which connected the Marx output to 
ground, was triggered. When conducting, it shorted 
the e-beam diode, cutting off the delivery of 
electrons to the e-beam cont roll ed switch. The 
decay time for the Marx output voltage was measured 
to be < 100 ns. To reduce the jitter of the pulse 
length-to a negligible interval, a slight flow of 
high pressure N2 was maintained in the switch. 
Specific details

10
of the entire system design can be 

found elsewhere. 

Research Results 

The ~as mixture 1% c2F6 - CH4 has been 
suggested1r as havi ng good qual ities as a mi xture 
for e-beam controlled switches, and has been chosen 
as a first gas to study in the e -beam control led 
switch. 
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Fig. 4 Switch performance curves. 
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The graphs i n figure 4 show the results of 
operating the demonstration model e-beam controlled 
switch, previously desert bed, as a component of an 
inductive stor~ge system. The switch, which had an 
area of 500 em and a length of 2 em was filled with 
1% c2F 6 + 99% CH4 ( 0.03% impur1 ty, by manufacturer's 
spec1ffcation) at a pressure of 5 atm. The initial 
voltage on the energy storage capacitor was Vc(O) = 
26 kV. 

The e-beam current Ib, plotted as a function of 
time in liS, reached a peak of 0.95 kA, then fell to 
zero in 80 ns , after the divert switch was closed. 
The switch conduction current lsw traced a curve 
proportional to Ib • but was larger by a factor of 
10; it reached a peal< value of 9.6 kA and fel l 
rapidly when the divert switch closed. As 15w fe ll, 

an inductive voltage pulse equal to l dlswldt was 

generated. When these values and others were 



.ubstituted into Eq. 1, the voltage Vsw across the 
switch as a fu nction of time was calculated. Vsw is 
also plotted in the figure. It shows a peak voltage 
of 280 kV and a FWHM of 60 ns. 

The mechanisms involved i n the opening phase of 
swi tch operation can be illustrated with the aid of 
curves presented in Fig. 5. The data are plot ted on 
a slow time base in Fig. 5(a) to show the entire 
chargi ng pulse and on an expanded time scale in Fig . 
5(b) centered on the time of peak voltage generat ion 
across the switch. This "expanded view" better 
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Fig. 5(b) Expanded time sca le centered on time of 
peak voltage . (n/Na obtai ned f rom Ref. 11) 

Fig. 5 Illustration of switch opening. 

phenomena. The expanded t ime i nterva 1 1 s indicated 
in the figure. 

As data on the slow scale in Fig. 5(a) 
indicates, during the t i me of current increase from 
zero to maximum at 730 ns, E/P rises slowly f rom 0.4 
to 1.0 V/cm-torr. This is a favorabl e range of E/P 
for t he mixer gas c~4 and it results in the 
normalized electron mobili ty remaining high during 
this period, which is desirable. 

As indicated on the expanded time sca le i n Fi g. 
5(b), when the divert switch closes , causing e-beam 
current, and therefore the swltch current Isw to 
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fall, E/P i ncreases rapidly . When E/P is in the 
range of 1-3 V/cm-torr, while time varies from 730 
to 740 ns,the normalized elect ron mobil i ty12 for CH4 
fal l s rapid ly from 3.5xlo23 to 0.8xlo+23 
(cm-s-v) -1• Du r ing this period, the normalized 
attachment coefficient n /Na for the gas mixturel2 
1%C2F6 - CH4 changes from~ 0 to 0.2Xlo-17cm2 , a 
relat 1vely small amount. But as the switch current 
Is conti nues to fa ll during the time interval 
be~ween 740 and 754 ns and E/P increases above 3 
V/cm-torr , the attachment coefficient n/Na rises 
rapidly by a factor of ~ 48 from 0.2Xl0 to 
g.sXlo- 17cm2• When n/N was at its maximum value 
E/P was ~ 14. The collehive effect of the decl i ne 
in pN , and the increase in niNa is to make the 
current fall-time shorter and therefore, increase 
the output voltage V0 a l t.I sw/t.t. Note that 
higher voltage makes niNa larger, which in turn 
leads to higher voltage. This example is only an 
i llustration of switch performance that results from 
the mixture of one attaching gas c2F6, with the non­
attaching gas c~4 • It is li kely that switch 
operation could be tailored to match a desi red 
performance specification by varying the gas mixture 
and the operating conditions. Thus one might 
optimize output voltage, output cu rrent, current 
gain, switch resistance, etc., for a given 
application. 

Conclusions 

We have demonstrated that an electron-beam 
controlled diffuse discharge can be successfully 
employed as the openi ng switch in a high-power, 
inductive store system. In the present system an 
output voltage pulse of 280 kV and 60 ns durati on 
was generated after charging an inductor to 10 kA 
in - 1 I!S. Th is performance was obtained using an 
e-beam current of 1 kA i njected into a gas mixture 
of 1% c2F6 + 99% CH4 • 

Although switch performance was both 
predictable and reproducible , limited resources 
prevented us from optimizing th1 s performance. 
Considerable improvement in performance could be 
obtained by careful selection of the circuit 
parameters and gas mixture and by reducing the e­
beam turn-off time to below 100 ns. 
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