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Abstract

A miniature triggered spark switch designed to
cperate at high repetition rates has been con-
structed. The device, along with associated
trigger circuitry, has been incorporated into a
simple L-C generator which produces an oscilla-
tory discharge at a frequency of 150 MHz. The
switch is operated in the pressure range 760
torr - 2.6 x lO3 torr using commercial dry
nitrogen as the working gas. Both brass and
aluminum electrodes were investigated for re-
petition frequencies as high as 20 kHz and for
gas flow rates as high as 8 cm3/sec. The effect
of repetition rate on switch jitter and switch
breakdown voltage is presented and discussed in

terms of gas pressure and flow rate.

Introduction

High repetition rate switching in the region
greater than 10 kHz can be accomplished by
thyratrons, and in some cases, vacuum gaps.
Unfortunately, these techniques often suffer from
jitter or inductance problems. A quenching spark
gap, however, appears to be one of the simplest
and most efficient devices for this purpose, if
fast turn on and low losses are desirable. The
general idea of a quenching switch is one which
has a large (> 10) A/d ratio and additionally, a
small value of d. The quenching action is based
uporn the fact that small plasma volumes can
maintain good electrical conductivity in the small
gap spacing very soon after initiation of the
switch process. After the driving potential has
been removed, the small plasma volume can quickly
recover. Excess thermal energy associated with

the gap dissipation can be transferred to the

switch electrode surfaces or blown from the system
with sufficient gas flow. It is difficult, however
to provide an adequate trigger mechanism to take
advantage of the high repetition rate in applica-
tions which demand precision pulse spacing. Single
stage switches of this type have gap spacings no
more than a few mils which make it difficult to
design and implement a "third electrode"” trigger

of the trigatron type. The purpose of this paper
is to describe the operating characteristics of a
simple, high repetition rate, quenching spark
switch, under gas flow, when configured as part of
a small hertzian generator of the type described

by Moran1 and by others in this conference

Experimental

Figure 1 shows a cross-sectional view of the oscil-~
lator and the switch. The device has circular
symmetry and is held together using several nylon
bolts. The pressure collar is made of plexiglass
and is sealed to the switch electrodes via o-rings.
The electrodes are 1.02 cm in diameter, giving an
A/d ratio of approximately 50. In addition, the
electrodes are removable for examination of wear
and other electrod effects2. For our experiments,
we have investigated both brass and aluminum

electrodes with 6 mils gap spacing.

The electrodes are provided with a gas inlet
immediately in the center of one of the switch
electrodes and gas flow outlet holes located
around the periphery of the other electrode.
Figure 2 shows a schematic of the gas flow and
pressurization scheme. While we realize that the
configuration is probably not optimum from a gas
dynamic point of view, it offers minimum inductance

a desirable characteristic for our application.



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
JUN 1979 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

High Repetition Rate Miniature Triggered Spark Switch £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Surface Weapons Center Dahlgren, Virginia 22448 REPORT NUMBER
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

See also ADM002371. 2013 | EEE Pulsed Power Conference, Digest of Technical Papers 1976-2013, and
Abstracts of the 2013 | EEE Inter national Conference on Plasma Science. Held in San Francisco, CA on
16-21 June 2013. U.S. Government or Federal Purpose Rights License

14. ABSTRACT

A miniaturetriggered spark switch designed to operate at high repetition rates has been constructed. The
device, along with associated trigger circuitry, hasbeen incor porated into a simple L-C generator which
produces an oscillatory discharge at a frequency of 150 MHz. The switch isoperated in the pressure range
760torr - 2.6 x 103 torr using commer cial dry nitrogen asthe working gas. Both brassand aluminum
electrodes wer einvestigated for repetition frequencies as high as 20 kHz and for gasflow ratesas high as 8
cm3/sec. The effect of repetition rate on switch jitter and switch breakdown voltageis presented and
discussed in terms of gas pressure and flow rate.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE SAR 6
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



GAS

l

INQUCTIVE PATH

DIELECTRIC

ELECTRODES
h
0-RING SEAL

TQP CAPACITOR PLATE

SPARK
GAP

S et DIELECTRIC

PRESSURE COLLAR
BOTTOM CAPACITOR PLATE

1

Cross sectional view

GAS

Figure 1.

The working gas used is commercial dry nitrogen.
The high pressure tubing connecting the various
components was constant diameter and all components
were placed as close to the switch as possible.

A Heiss pressure gauge was used and calibrated

A Rate

Master flow meter was used which provided the

with an accuracy of +1 psig (51.7 torr).

capability for accurately measuring flow rates of
.4 cm?/sec. A bleed valve was used to flush both

the oscillator and gas lines prior to operation.
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Figure 2. Schematic of the gas ‘pressure

and flow system.

Figure 3 illustrates schematically the system used
to charge the oscillator and to provide a reliable
trigger. The oscillator capacitance, Cq, (433 pf)

is czharged through a variable charging resistor Re.

of oscillator and switch.

When the charging voltage on the oscillator reaches

a preset value, the impulse generator (IMP) sends
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Figure 3. Schematic diagram of the oscillator

charging system and trigger arrangements.

‘a pulse into the oscillator, rapidly overvolting
the gap, and causing it to fire in a time short in
comparison to the RC charge time. The diodes, D,
are so arranged to prevent the oscillator from dis-
charging through the secondary of the impulse gen-
erator transformer or alternatively through "the
power supply. As a result, the energy from the -
impulse generator is added to that of the power
supply so that no energy is wasted from the trigger
pulse. The energy stored in the oscillator is
"latched" in and can dissipate rapidly by firing
switch S or slowly leak off through the back

registances of the diodes.

The pulser itself is a Velonix model 350 with the

output transformer modified to provide pulses as
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high as 12 kV into a matched load. Prior to
running, the surfaces were ground flat and
metallurgically polished as described elsewhere?.
Figure 4 summarizes the operating characteristics
of the experiment. Figure 4a shows the voltage-
time history as provided by the main power supply
(top trace) and the output of the impulse generator

(iower trace). Figure 4b illustrates the final

(d)

Figure 4. Voltage-time traces for the
oscillator and switch.
(a) Top trace is normal RC charge for

oscillator, 500 volts/cm, 2 ms/cm. Bottom trace
is trigger pulse from impulse generatoxr 1000 volts/
cm, 2 ms/cm.

(b) Bottom trace is normal RC charge for oscil-
lator; 500 volts/cm, .2 ms/cm. Top trace shows
impulse charging of oscillator and overvoltage
which occurs as a result of impulse; 500 volts/
cm 200 ns/cm.

(c) Superposition of 50 pulses to illustrate
jitter; 500 volts/cm, 10 ns/cm.

(d) Output waveform for oscillator; 200 volts/

cem 20 ns/cm.

impulse charge provided from the trigger generator.
Figure 4c illustrates the repeatability of the
trigger system and shows jitter. For our purposes,
we define jitter as the maximum spread in switch
times as integrated over several seconds or

several hundred events chosen at random. For this
experiment, we routinely sampled 400 separate

trigger events to determine the distribution,

<

however, the photo shows some 50 events. Figure
44 shows the RF envelope for the oscillator out-~
put. The system impedance is about 3 ohms which
ensures a large damping constant (Q = 3) and

maximum current in the kiloampere range.

The value of ‘the charge resistor R, can be chosen
such that, at a given frequency, more than 90% of
the energy is provided by the main power supply,
thereby placing very little strain on the pulse
generator. In these experiments, however, we did
not always operate in this mode but held R, con-

stant (1.05 MR2) for convenience.

Discussion
Among the factors which could affect the breakdown
voltage in a system are pulse repetition rate, gas
flow rate, gas pressure, electrode material, gas
species, and time rate of change of the trigger
pulse. In our experiments, we varied the first
four of these parameters while holding the other
factors constant to a first approximation. For
the range of fields investigated (up to 260 kV/cm)
varying the electrode material did not appear to
influence the breakdown voltage. Slight devia-
tions were sometimes noted but these were well
within the experimental error. The effect of
pressure on the static breakdown voltage is well
documented3 and our results are comsistent with
Cookson®,

flowing gas conditions, the breakdown voltage

However, under impulse charging and

(illustrated in Figure 5) increased up to a value
as high as 307 greater than the static wvalue and
slowly decreases as the pulse repetition frequency
is increased. At a pulse repetition frequency of
20 kHz, the firing voltage for the switch has
dropped to a value about 2/3 of the static value.
The effect of flow was minimal on the breakdown
voltage (over the range investigated) and in gen-
eral was confined to pulse frequencies less than
3 kHz,

factors which could be active in determining the

We attribute this to the multitude of other

breakdown voltage for the gap (e.g., particulate
matter of a size comparable to the gap spacing,
thermal energy deposited in the electrode surface
and gas, plasma in the gap due to previous dis-

charge.)
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Figure 5. Effect of pulse repetition frequency

and flow rate on average breakdown voltage as

a function of gas flow.

At a constant gas pressure, without gas flow,

strong material effects are present if the gap is
to be operated in a triggered mode. TFor aluminum
we could achieve stable triggered operation over
the entire pressure range investigated with minimal
jitter in the 2-5 kHz repetition range.
we could only achieve quasi-stable operation using
brass electrodes. Table 1 summarizes some of the
data for aluminum. The PRF at which the jitter is
a2 minimumz is not well defined but extends some

3 or 4 kHz on either side of the value quoted.

Table 1. Jitter Data for Aluminum
Pressure Avg Vg Flow Jitter min Approx PRF
torr x 103 kv cm3/sec ns kHz

.76 1.30 0 40 6

.76 1.25 4 10 3
1.29 2.40 0 70 4
1.29 2.20 4 70 6
1.29 2.50 3 75 3
2.58 3.20 0 20 1
2,58 3.40 4 20 1
2.58 3.60 8 20 1

ns

By contrast,

The effect of flow for both aluminum and brass
alectrodes was to make the switch operate with
less jitter over the entire range of parameters
investigated. The decrease in jitter was quite
dramatic in brass. Figure 6 illustrates the
effect of gas flow on the switch jitter for brass
electrodes at atmospheric pressure. The values
given without flow showed no systematic variation
with repetition frequency and are at best esti-

mates of the maximum jitter at the time of obser-

vation.
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Figure 6. Effect of pulse repetition frequency

on the maximum jitter for various flow rates.
Electrodes are brass.
.76 x 103 torr.

Gas pressure is

When flow was initiated, the gap would run stable
under any condition investigated in our experiments
At atmospheric pressure, the minimum in the jitter
distribution occurred at 3 kHz similar to that
observed for aluminum (Table 1) and then slowly
increased up to the maximum repetition frequency

investigated.



The effect of pressure is equally dramatic for

constant flow rate. The trends are similar for
aluminum and brass but differ considerably in
absolute magnitude. Figure 7 illustrates the
effect of repetition frequency on jitter using
brass electrodes for several pressures. The flow
rate was held constant at 8 cm3/sec. The increase
in jitter at higher repetition rates is probably
associated with the increased surface damage,
larger volumes of plasma still in the gap, and
electrode heating effects which enhance field
emission. The minimum jitter occurs at lower pulse
repetition frequencies as the pressure increases.
It has been shown that the diameter of the '"spark
discharge" increases with pressurez. If we assume
that this diameter defines the amount of plasma
associated with a particular event, we can readily
estimate the plasma volume associated with the
switch at any given gas flow rate and repetition
rate. This number is approximately constant at
3.4 +.1 x 107%cnd for the data shown in Figure 7.

Similar results were also obtained for aluminum.
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Figure 7. Effect of pulse repetition frequency
on maximum switch jitter for comstant flow

rate (8 cm3/sec) for various pressures.

Figure 8 illustrates a typical distribution of
switch firings normalized with respect to the
maximum in the number of switch events at a specific
triggering time after the impulse was applied.
These data were taken at a flow rate of 8 cm3/sec,
PRF of 5 kHz, and atmospheric pressure. The curves
represents some 400 individual events, taken at
random, over a period of several minutes. The
distribution for brass electrodes is approximately
Gaussian and the extrema agree well with the maximum
jitter as observed directly from the oscilloscope.
The results for aluminum were complicated, and we
attribute this to local defects such as that shown
in Figure 9 which eventually grow to such an extent
that the gap is effectively shorted out. We did not
observe similar failure in brass although running
times of several hours were sometimes involved. In
general, aluminum failed after some 45 minutes with
a drastic increase in jitter and a decrease in
breakdown voltage and in all cases a localized

damage area was observed.

L 1 -
- -20  -10 0 10 30
Time ns
Figure 8., Jitter distribution in brass and
aluminum. pressure 760 torr, flow rate

8 cm3/sec, pulse repetition frequency 5 kHz.
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Figure 9. Failure zone on alumimm

electrode surface.

Summary

Simple spark switches can be made to operate in

a triggered mode for frequencies as high as 20
kHz with a maximum of 307 decrease in the break-
down voltage. 1In so far as we investigated,
there is very little effect of materials on the
average breakdown voltage of the switch. There
are, however, large material effects associated
with switch jitter which are probably due to sur-
face chemistry and contamination of the working
gas by particulate macter, blown from the surfaces.
Introduction of gas flow greatly enhances sta-
bility and often results in orders of magnitude
reduction in switch jitter. The effects of gas
pressure are primarily to increase jitter at
higher repetition frequencies and to decrease and
better define the repetition frejuency at which

the minimum in jitter occurs.
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