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~ INTRODUCTION

In many'gpplications there is a need for high energy, high current

'pﬁlses. 0f fundemental importance in:such‘probléms is the switch which
transfers the energy from the enérgy storage device to the load. Where

'.high currénts:are desired, it ié_necessary that the impedance of the

switch during discharge remain low., Both thyratrons and spark gaps sérve

_satisfactorily'as high current switchs. Where'exceptionally high currents

‘must be handled, the ‘inductance of the leads in & thyratron may prove a

limiting faqtor.. éihce a spﬁrﬁ-gap does not suffer from this limitation,
work was inaugﬁfated to Qevelbée 8 triggered §park gap Eaﬁing low inductance,
high Currgnt carrying capacity and a miﬁiqym time jitter, (i.é., the
variation in»the_time delaylaftef fhe start of thelﬁrigger pulse should
be minimum. ) |
Ny The spscific requirements were as follows:
1. A pulse current of abbrsximately 10,000 émperes.
2, An opefating voltage range of from 16 to 15 kilovolts.
3. A time jitter not to exceed 25 x 10~° seconds.
4, A unit wﬁich could be operated immersed in oil (i.e., a sealed wnit. )
5. A unit which would be simple to construct, rugged, and compact.
In view of iﬁs simplicity, a coaxial trigger was selected. Such a gap

has a trigger pin inserted in the face of one of the gap surfaces, (in this
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case the one at ground potential), and is fired by initieting a discharge

between the pin and the gap surface in which it is located.

DESIGN OF GAP

Figures 1 through 3 are the fabrication drawings for the ball gap

_electrodes and spacer. Figure 4 shows an exploded view of the various

parts before assembly,

As shown in Fig. 4, a small steatite tube is used to insulate the
trigger pin from the ball gap surface., In addition, the steatite serves
to stabilize the trigg;r arc since after several operations a path is
étched on its surface insuring qpérgtion at the same point in subsequent
opérat;ons. Ag de§cribed,b§ldw;vadditional steps were takén:to make
ceftain the trigger aroc, occurred in the ssme position during each §peration.

The operatlng voltage of the gap determ¢ned roughly the spacing required.

R had ‘been previously ascertalned that minimum jitter could be obtalned
“when the ratio of ma1n gap spacln@ to the trlgger gap spacing waS'approxi-

.'matély'4 to 1. Thus ‘the trigger spaclng wes more or less ‘defined by the

operating voltage,. In settlng up the final dlmen31ons. a standard steatlte

" tube was sélected'ﬁhose wall:thickness corresponded closely to the estimated
 ’ft;igger7gap. The spacer used-was a 093" I.D. by .187" 0.D. steatite tube

’ﬁanufactﬁred‘by’the‘Aﬁerican'Lav&‘Co., Chattanooga, Tenn. Thus, the,trigger

gap spacing was L047 incheé which indicated (using the above ratio)'the
main gap spacihg should be .188 inches. With this specing and 2'ih§h,
radius spherical ségments,'thefsfatic breakdown in sir (760 mm, 25°C) is

16 kv,% or approximately 1 kv sbove the highest, operating voltage.

*Handbook of Chemistry and Physics, 32nd edition, pg. 2108.
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The gap surfaces and end plates were made as a single unit of dural
metal, and required no special hachining. The ball gap faces were brgught
to a high finishAusing a commercial metal polish and werevcarefully cleaned
prior to assembly. Both plates were carefully finished to remove all
burrs end sharp corners. | |

_ The lucite spacer is gfpéved to carfy "0" rings so that sealed off,
0il immersed operation is possible. The-width of the spacer determines

the static breakdown vdltage. On the fabrication drewing no dimension

.ié’given for the width of the spacer, since this value depends on the

operating voltage of the gap. The gap'used for the investigation
required a spacer having a width of ,688".

The trigger pin oconsisted of & 2 inch long piece of 80 mil tgngsten
rod; The enﬁ of this rod was ground to a wedge shape and relieved as shown

in Figs. 4 end §. This process, (and bne other described below), was

instituted to stabilize the trigger arce.

Before the final assembly, the gap without trigger (Fig. 6) was

subjected tova‘voltage slightly above static breakdown and allowed to

- break down approximately 25 times. The purpose of this process was to

-

mark the gap éurfaces at thé "prefefred spots.” The gap was fhen disassemﬁléd,
and the surfaoes exsmined. [igures 7 end 8 show the appearance of tﬁe
surfaces following ﬁhis operation. .Ib the‘finai assembly of the gap, the
trigger pin is oriented so tﬁat the péinted'end faces theA“prefe?red gpot.™ -

In the final assemdbly, a Kovar seal (+108"™ 1.D. by .281" H.D. by

11/16" 0O.L., Stupskoff Ceramicvand_Mfg. Co., Latrobe, Pa., No. 952008) was

fastened to the gap -stem, the trigger inserted and correctly oriented
and fastened to the Kovar seal. 1In this cage, both the Kovar seal and
the trigger pin were affixed with araldyte, although othér methods are

equally adaptable.
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After asSembly, the gap was once again subjected to high voltage and
allowed toqgﬁrk over until the static breakdown voltage had stabilized.
It was observed that during the "seasbning" process the voltage required

for stati¢ breakdown would increase slightly during the first twenty

to thirty operations, and then fall to a value very slightly below that

required at the start of the process. Approximately 150 %o 200 operations

were required before the static breakdown voltage stabilized. .

TRIGGER‘PULSER

The manne:‘in whichithe trigger gap is.fired determines, to & 1afge
extent, the jitter of the system."lt is believéd that the trigper operates
through a combination of the following effects:

1. The production of ions and ionizing electrons,

2. The production of ultra=-violet radiation.

.3. ‘The increase in voltage gradientvacross the main gaps

In order thet item (3),above, be ¢ffective, it is important that the
polafity_of the pulse applied to the trigger pin be the same as the polarity
of the_Pall,in which it is centeréd. For example, in the cirocuit used,

the trigger was placed in the negative (in this oase; grounded) ball and

" the trigger was fired with a negative pulse.

All of the above items indicate that the‘trigger gap should be fired
from & low.impedance source capeble of supplying high energy to the arc.
In order that the'trigger gap fire with & minimum of time delay and time
jitter, a large overvoltage should be applied and this voltage should have
as fast a rise time as ppssible. In addition, the circuit supplying the

trigger pulse should have negligible time jitter,
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In the test gap the voltage applied to the trigger gap was nearly four

times thet réquired for statie breekdown. Thus the voltage applied to

the trigger gap was equal to thé main gap voltage, and in several caées

exceeded it. It was subsequently found that this produced a large margin

'of_safety, since & change of 50% in the trigger firing voltage failed to

affect the ope}ation of the.gap.

The circuit for the trigger pulser unit is shown in ¥Fig. 9. The 3045
operated with a plate’voltage of 3 kv, and used with a four to one step-up
pulse transformaf,>developed sufficient voltage and power to reduce the
trigger gap jitter to é negligible amount, The grid of ﬁhe 3C45 was

driven with a pulse of 1 kv rising to peak value in 1 billisecond (1 x 1079

'Asgc;)._ The impedance of the source was 50 ohms.

The pulsé’traﬁsformer_was wound on a standerd 1/2" x 1-13/16"™ hyﬁersil
coré._ The primary, consisting bf five turns of 1/2" x .005" copper strap,
was strap wound. The‘seeondafy‘conéistéd of 20 turns of No. 23 fofmvar
wire. Another pulse trensformer, (built for use in a sliéhtly_different
circuit), using the same coré_énd.same number of primery and secondery turns

but having interleaved, strap wound primary and secondary, allowed a lower

'impedanoé circuit to be obtained, but time did not permit complete tests

on this unit,
"“,‘,,
To test the gap under actual conditions, a high voltage circuit was
constructed as shown in Figse. 10 end 11. Ten General Electric pyranol

pulse capacitors were arranged in & circle and oconnected to two heavy,

circular, copper sheets., A 5" diemeter section was removed from the upper -

plate. The gap was located at the center of the bottom plate, and connected
to the upper plate by six copper straps. A 5-15 kv, 1 ma power supply
(Fige 12} was used to charge the capacitor bank through a 5 megohm chafging

resistor.
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The jitter measurements wére made using e scope having a sweep speed

of-Z.é x 10°° seconds/hm; The scope was triggered by the same pulse that

. fired the grid of the 3045 and the scope signal derived from either a loop  .

in the vicinity of the gap or by measuring the voltage drop betweeh two
closely gpaced points along the current path., In order to meet the .
reqﬁirement.of less than 25 billiseconds jitter, it was sufficient that

the signal indicating the discharge of the gap remain on the 10 cm soreén.

RESULTS

The‘equigmeht éé'describéd‘above was set up‘and operated by,an-autoﬁatig
cyéler and coqﬁter. The_gé}.was discharged at 30 second intervals ovef
a pgrioé of éeveral days. Ovér 5000 firings were counted, and of these

more than half were observed and many groups were photograéhed_ In all

of the mdnitéred firings, the observed jitter was less than 25 x 1079

.seconds, - Photographs (Figs. 13 and 14) show the gap surfaces at the

cbmpletion of the tests., Despite the severe erosion of the surfaces the
time jitter at the completion of the test was still within the specified

requirements.

CONCLUSIONS

Due to the limitations of time, it was not possible to persue many
interesting modifications of thevbasic designe. Originally it was hoped
that the investigation could include operation in inert atmospheres,
pressurized operation, variétion of trigger pin and gap surface materisl,
and various configurations of the gap surfaces.

However, the brief investigation conducted disclosed 'a number of

interesting points. It was observed that the time jitter could be
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. reduced by the following operations:
‘1. Shaping the trigger pin,.
2, vStabilizing the trigger gap by firing over a cersmic insulator.
3. Ailowing the firing point té oCcu%-at a "preferred pqsition."
4. Operating the gep at a voltage near static breskdown voltage.

5. Allowing the gap to operate under static breakdown conditions
previous to actual triggered operation.

& - )

6. Providing low impedance ciréuits throughout the entire trigger
chaine ' ' o

7« Providing high amplitude, fast rising pulses to the thyratron
grid and, especially, to the trigger pin itself,

Av'Ektreme precautions are necessary in comnecting the measuring equipment
to_ﬁinimize tﬁg disturbing effects caused by the fields resulting ffoﬁ the
'mainvgap discharge. A common coovper ground plane should be provided for
alllcomponenfs especially measuring equipment, and ell shields end groﬁnded

wires should be bonded to the ground plane.
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