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Field-enhancement calculations for a field-distortion triggered spark gap

B. Pashaie, G. Schaefer,® and K. H. Schoenbach®
Department of Electrical Engineering, Texas Tech University, Lubbock, Texas 794094439

P. F. Williams

Department of Electricai Engineering, University of Nebraska-Lincoln, Lincoln, Nebraska 68588-0511

{Received 5 June 1986; accepted for publication 1 Ocicber 1986)

We present the results of numerical field calculation which supplement a recent article in
which we described a new design concept for field-distortion triggered spark gaps. The
calculations verify the shielding and field enhancement assumptions made in the article, and
they provide insight into the interaction of the design tradeoffs associated with simultaneously
maximizing the holdoff voltage and the triggering capability of the gap.

Recently we described a new design concept for field-
distortion triggered spark gaps.’ Briefly, the design consisi-
ed of a pointed main gap electrode shielded in the untrig-
gered state by the trigger electrode as shown in Fig. L.
Triggering was accomplished by changing the potential of
the trigger electrode from that of the nearby pointed elec-
trode to that of the opposite main gap electrode. In this con-
figuration a very high field is generated at the tip of the point-
ed main gap electrode, causing large field enhancements and
rapid brezkdown of the main gap. We also reported the re-
sults of proof-of-concept experiments which demonstirated
the validity of the design. With a simple switch we obtained a
closing delay of ~ 10 ns, with a jitter of ~2 ns, for charging
voltages of 90% of the static, self-breakdown voliage, Vg,

We have extended this work by calculating numerically
the electric field for a gap geometry similar to that we report-
ed on earlier. These calculations verify the shielding of the
pointed electrode by the trigger electrode and the sensitivity
of this shielding to the position of the trigger electrode. The
calculations also verify the presence of very high field en-
hancements in the triggered state. In this communication we
present the results of these calculations and discuss their
application to the design of field-distortion triggered spark
gaps such as we described previously.

The numerical code we used for the field caiculations
was written: by researchers associated with the Tetra Corpo-
ration, Albuquerque, NM, for analyzing the field distribu-
tion in discharges for lasers and switches.”® Briefly, the code
operates by determining a set of boundary-fitted coordinates
which match the given boundary value surfaces. Laplace’s
equation for the electrostatic potential is then solved in these
coordinates using a successive over-relaxation technigue,
and the electric field is determined by taking the gradient of
this potential numerically. Although the configuration of
interest here contains three electrode surfaces, the potential
of two of these surfaces is the same in the two states of inter-
est (holdoff and triggered) so that the boundary condition
specification for the code consisted of two surfaces, one sur-
face in each case containing two electrodes.

® Present address: Department of Electrical Engineering, Polytechnic Uni-
versity of New York, Farmingdale, NY 11735,
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Figure 2 shows the elecirode geometry used in these
cajculations. The gap is taken to have cylindrical symmetry,
and the figure shows a cross section containing the gap axis.
The experiments we reported utilized a linear rather than
cylindrical geometry, but the fields in the two cases should
be similar. The gap field was calculated using the code for
both the holdoff and the triggered cases for a number of
positions of the triggered electrode. In either case, the trigger
electrode was connected to one of the main gap electrodes. 4
17 < 17 element grid mesh was used in the calculations.

Figures 3(2) and 3(b) show the equipotential lines for
the holdoff and triggered cases, respectively, for a particular
positioning of the trigger electrode corresponding to the
maximum field enhancement factor at the tip of the pointed
electrode. The efficiency of the shielding of the pointed elec-
trode by the trigger electrode in the untriggered state is ap-
parent in Fig. 3(a}, where the field is seen tc be reasonably
uniform throughout the gap region, with no field enhance-
ment in the vicinity of the pointed electrode. In the triggered
state, on the other hand, shown in Fig. 3(b), the field is
kighly nonueniform, with large fields appearing near the tip
of the pointed electrode. In this case the maximum field is of
the order of 100 times the uniform field value. Corena and
other phenomena associated with high overvolitages would
be expected to appear promptly at the electrode tip with
triggering.

We can define a field enhancement factor £ as the ratic
of the maximum field at the surface of an electrode, E,,,, to
the mean field in the gap, (£ }, 8 = ... /{E ). Figures 4(a)

I
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FIG. 1. Schematic drawing of the triggering concept discussed in Ref, 1.
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FIG. 2. Drawing showing the electrode geometry used in the calculations
reported here.

and 4{b) show £ at both the pointed main gap electrode and
the trigger electrode as a function of trigger electrode posi-
tion in the holdoff and triggered states, respectively. In these
figares the position refers to the center plane of the trigger
electrode. When the trigger electrode is placed well behind
the tip of the pointed electrode, we see that the field enhance-
ment factor 8 in the holdoff state [ Fig. 4{a) ] reaches a value
of ~ &, which corresponds to the field enhancement of the
bare, unshiclded, pointed elecirode. For trigger electrode
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FIG. 3. Plots showing the calculated equipotentials for the spark gap. The
position refers to the center plane of the trigger electrode. (2) Holdoff state.
(b) Triggered state.
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FIG. 4. Plots showing the maximum field enhancement factor at the point-
ed electrode and the triggered electrode as a function of the position of the
center plane of the trigger electrode. (a) Holdoff state. (b) Triggered state.

positioning just in front of the adjacent main electrode point,
the field enhancement factor falls to nearly urity, indicating
that the holdoff voltage of the gap will be comparable to that
of the uniform field gap. Figure 4{b} shows that in the trig-
gered state the maximum field enhancement at the main gap
electrode peaks sharply for a trigger electrode position about
1.2 mm in front of the main electrode tip. For this design the
trigger electrode position for maximum triggered state en-
hancement is nearly the same as the position for minimum
holdoff state enhancement, a desirable condition for achiev-
ing maximum holdoff voitage with maximum triggering ca-
pability.

In the experimental work we previously reported,’ we
found that the breakdown voltage in the untriggered state
was a strong function of the position of the trigger electrode,
peaking sharply at a position just in front of the main elec-
trode point. In order to compare this empirical result with
our field calculation results, we assume that the breakdown
condition is determined by the maximum field found any-
where in the gap. Thus, the ratio of the actual breakdown
voltage to the breakdown voltage of a comparable uniform
field gap will be proportional to the inverse of the field en-
hancement factor, 1/5. In Fig. 5 we show 1/4 and the em-
pirically determined breakdown voltage, both normalized
with respect to the maximum value in the untriggered case,
plotted against trigger electrode position. The resuits are
similar in both the experimental and theoretical cases. There
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FIG. 5. Plots comparing the numerical estimates with experimental results
for the maximum holdoff voitage in the untriggered state as a function of
trigger electrode position. (a) Experimental results from Ref. ! plotted nor-
malized to the maximum holdoff voltage observed. (b) Plots of the inverse
of the maximum field anywhere in the gap (E ') as a function of electrode
position, normalized to the minimum value of £'(E L) . In the simple
model discussed in the text, the trigger electrode position producing ¥ {4y
should produce ¥ sgnmax-

is a small difference in the position of the maximum break-
down voltage and the minimum field enhancement factor,
but such a difference is not surprising in light of the differ-
ence between the geometries in the experiment and calcula-
tion, and the simplicity of the assumption that the break-
down voltage is determined solely by the maximum value of
the field anywhere in the gap.

We have shown that with proper understanding of the
physical mechanisms involved in the triggered breakdown of
spark gaps, new and potentially improved designs for these
devices can be generated. Clearly, more experimental work
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is required to refine and determine the limits of the design
concept we proposed earlier.’ Of perhaps more importance,
however, is the development of understanding of the trig-
gered breakdown process itself in these gaps. We believe that
breakdown is initiated by the creation of a sireamer in the
highly field-enhanced regicn just outside the pointed main
gap electrode which then propagates across the gap. Very
littie quantitative information is available, however, about
the propagation of sireamers in such highly nonuniform
fields. Even less is known about the propagation of these
streamers in the substantially reduced field present in the
gap between the trigger and the opposite main gap elec-
trodes. It is quite possible that an optimum design would
involve setting the trigger electrode potential at some value
between the potentials of the two main gap electrodes in the
triggered state, or using a selected trigger pulse length in
arder to provide high ficlds for sireamer initiation, but then
to provide a field near the uniform field value for propaga-
tion across the main gap.

The authors are grateful to Dr. W. Moeney and Dr. M.
von Dadelszen of Tetra Corporation for making the field
calculator code available to us and for helpful comments and
advice on using it. This work was jointly supported by
AFOSE and ARO.
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