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. ABSTRACT

Preliminary experiment to establish the feasibility of multi-

* channel switching by overvoltaging water dielectric is described.

It is shown that under. the conditions of the experiment, the
dominating factor in determining multichannel operation ig the
innerent scatter of the water breakdown strength. Up to three
channels have been swiltched with Jitter time between channels
of less than 2 x 10”7 sec when operating voltage of 250 kv

- was used.
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 MULTICHANNEL SWITCHING FOR HIGH POWER DISCHARGES

Development of high powef electrical pulse technology has

been spurred by a wide range of applications, such as radar, light

sources, and accelerators. More recently, laser developments

(1) and plasma heating experiments (2) attempt to exploit newly
aVailable electrical energy storege systems capable of delivering
submlcrOSecond pulses at 10! watt levels. These pulsers work at

relatlvely high voltage (100 to 500 kv range) and utilize break-

~down of solid insulators to achieve high power levels. Suchl'

' switching,.requiring 10'2 v/sec trigger pulses is not convenient

for frequent pulsing, for repetitive pulsing, or in systems which

store the energy in liquid dielectrics; however, its very low

_inductance,'low energy dissipation and ability to determine spatial

current dlstr;butlons in the dlscharge are 1mportant advantages.
Work on development of switches free of the above dlsadvantages has
been initiated at U. S. Naval Research ILaboratory. It is based on

the data of J.C. Martin (3) and co-workers at Atomic Weapons

‘Research Establishment at Aldermaston, U.K. It indicates that

controlled multichannel breakdown in water is possible. A switch

. .based on this mechanism'will considerably alleviate the above-

mentioned disadvantages.

~The purpose of this note is to review briefly the iaWs of

electrical breakdown of liguids, indicate the de51gn erlterla for

multi- channel SWltches and summarize the preliminary results_

- obtained in operation of such multichennel switching.



B ;
p—

o

Fig. 1 reproduces data from ref. (3} 1ndlcat1ng a generallzed

‘breakdown curve for water as function of the electrode ares (deflned

as that area over which fleld strength is 904 or more of the

max1mum) It has been generallzed for: (l) all electrode shapes.

{by 1ntroduc1ng a factor*‘d whlch accounts for the departure of

the electrlc fleld strength F ‘on the electrode surface from the

mean fleld Fme an between the electrodes) and (2) any monotonlcally.

'r1s1ng pulse shape of duration**A tef (deflned 8,8 the time durlng
' which the voltage applled to the electrodes is 634 or. more of the

7 breakdown voltage) It is seen that a polarlty effect ex1sts,

permlttlng hlgher streSS1ng of" negatlve electrodes the advantage
of which is indicated below.

Once the breakdown occurs, then the time required for the

7switch to close is the +time taken for the breakdown channel to.

lower its impedance below the effective 1mpedance, Z° (ohms), of.

the generator supplying the gap voltage.

Thls spark impedance has both a resistive and an 1nduct1ve

component J.C. Martin (3) has found that for a variety of

condltions the duration of the resistive phase 1n solids and A

lliqulds can be represented by the relatron :

Rt oanys () @)

k3 Pactor d dces not exceed s value of 1.2 for most electrode

configurations.

ok The test pulse duration used in establlshlng curves of

Fig. 1 has not exceeded 10 ° sec.
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where F (MV/cm) is the maximum interelectrode field, The duration

of the inductive phase of the voltage drop is determined from the

~switch inductance, L -(nH), .to be

b= (msee) (@)

o For voltages of the order of a megavolt and fields of the order of

a megavolt/cm, " o 5/201/3 and t; ~ 10/Zs . If the sw1tch1ng ig’
accomplished by multiple spark channels the effective 1mpedance
presented to each channel is proportional to ‘the number of channels.

As this number increases, tL decreases linearly, whereas tR

is reduced by'the cube root of the number of channels. Thus for

generator 1mpedances less than three ohms, the switching time can

“be profltably reduced by parallel switchlng In any instance

it is seen to be advantageous to work at high fleld strength to

achieve fast closing. Therefore, the asymmetrlc breakdown indlcated‘

in Fig. 1 is exploited by-maklng the negatlve.electrode have small

aréa to maintain high voltage .strength and have small radius of

curvature to achieve large Fmax‘ This is somewhat inCOHSiétent

r:with‘the low. inductance requirement and a compromise must be

determiﬁed for a given switch.

A typical configuration of a three~channe1 switch 1is ehown

" schematically in Fig. 2 along with three time integrated photo-

.graphs of its operation. This_ewitch has the initial breakdown

at the negative electrode. This 1s achieved by approximately
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‘trlpllng the fleld gtrength at the negatlve electrode relatlve to.

the mean field strength This requlrement is cons1stent, accordlng -
to Eq (1), with the requlirement for fast closing. The switch
conf;guratlon is based on the following criteria:
1. Flat plates of the switch must have sufflclently
.1arge separation, a + b, to prevent 1n1t1atlon of
breakdown from the pos1t1ve elecﬁrode The breakdown
strength is a functlon.ef the plate area_and is~given in
Fig. 1. o | |
2. The gap separation, a, is determlned by the enhanced
field at the negatlve electrode due to 1ts small radlus
of survature and by. the area over which the stress is
90%.of‘the maXimum. _
: 3}“Radius of eurvature must provide sufficienfly large
enhancement of the field, so that negative breakdown

.occurs first.

'—'Thls switch was operated near 250 kv w1th gap spa01ngs of

0 50 cm and O. 6l.cm (measured within 57). The peak voltage
varied from 185 kV ‘to 255 - kv and t opp Varied from 200 nsec to

850 nsec due to the wide variation of the breakdown point of the-.
switch in the prlmary cirecuit of the pulse charglng'transformer

Of 23 tests only in. 3 cases did all three channels not establish

-.SOme conducting path.

Fig. 2 (first frame) shows a c1051ng of two of the gaps

hlle a. streamer (brlght channel that does not completely span the
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electrode gap) is seen to start on the middle one, -The start of
a streamer at the negative electrode is a check on the correct
ohoice of electrode curvature and electrode spacing.r

~The streamer meehanism, its-propagation velocity-ahd length

depehdion the applied‘fields Their duration has been studied by

g Martin (3). The appearance of such streamers 1nd1cates that"'

very hlgh flelds may exlst at . the sharp Streamer end, _Measurement'“
of-the streamer brlghtness, related very insensitively by the Stefan-
Boltzman law to streamer temperature indicates that Spltzer

conductiv1ty is suff1c1ently high to be neglected in the estimate

of the flelds. Taking a radius of curvature of 0.0B’em, the field

strength is of the order of 1C° V/m. The correspondlng streamer

felectrode area 1s about 3 x 10 e em® whlch according to the data

of Fig. 1 should-supportrbreakdown at much lower field values.

Thﬁs it is- construed that multichannel clos1ng such as that seen

in the first two frames of Fig. 2 corresponds to main current flow

in the brightest channel. ZLate, lower amplltude voltage osc1llatlons

tend to close the remalnlng channels.

To_study the difference between channels of different brightness

a streak camera was used to obsearve the tlme of 1n1t1atlon of

lumlnescence of the channels Fig., 3 shows four examples of the

performance of affour-channel switch operating at near 250'kV.

. Both time integrated and streak photographs are shown. The

number 4 test shows -simultaneous closing (within 10 ns resolving



time) of the two adjacent chanmnels. It should be noed that the

'time~integrated brightness is the same in both channels. Two tests
l (1 and 2) in Fig. 3 show that a second channel closing may occur
as late as 150 ns'after the -first channel has closed and.started
'l~to‘eonduct; The . amount of energy carrled by the second 'channel is

~small; as 1ndlcated by its lum1n081ty The thlrd test also shows

that streamer seen in one of the channels starts late (~100 ns)
after flrst channel 01051ng The time delay ibetween‘channel

closings approximates the half period of the discharge. -Thisr
indicates that channel breakdown occurs as a:result of reversal

(wrong polarity on field enhanced electrode) or initial streamer is

driven to breakdown,

‘The representative data in Fig. 3 shows, that while all

three channels can be made to close, the_jitterrtime is given by

‘the voltage reversal in tle discharge. The simultaneous switching

has been.demonstrated,-but it has not been possible to determine .

experimentally, in the preliminary work reported here what parameters

must be confrolled to achieve this. The'demonstration of simul-

 teneous’ 01051ng of channels without trlggerlng and the data on the.

‘behav1our of breakdown of water (Flg 1) provides further dndication

of the requirements for the simultaneous switch closing. 1If it

1s taken that the information of channel closing (i.e;‘vanishing of

the voltage differenceiimme&iately across the-electrodes)

propagates to the next channel (distance 4 away) in time

7= 2¢ . I lu | (3)

Jed
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(e = dielectric constant of water, C ﬁ'velocity of light) then the

voltage dlfference across nelghboring gap will vanish in time

T 4T Here T +T represents the sw1tch 01051ng time. Assuming,

R "L R L
1n1t1ally, no dev1atlons of breakdown. strength ‘from- the curve of -

'Flg X, the only cause for: preferentlal c1051ng of a glven channel,

, would be the increased electrlc fleld on the channel whose electrode

are spaced more closely The 1naccuracy in spa01ng that can. be

tolerated is- therefore governed by the data of Flg. 1, i.e.

Fooyw = K t"l/s, k = constant. o (8)
It folloys that

“max _ 1 g g | L (5)

dt " 3 max. 7 '

If'dt.represents the time T+T +TL and t is the effective tlme,

'teff,“then permissible variation, 8, in electrode spac1ng_1s

maxig.

Gt (DT ) (&)
‘ _ erf _
max : -

o
I
1

W=

In the experiments described here (where the switeh was driver

- by 2.2 ohm line) the computed value of & was about 1% (tp=500 ns

ﬁEE-S ns/chennel*’ Tﬁzl.o ns/channel*,fT?6'ns), while-eiectroder

Spaeing was held to within 5%.

*TR is estimated from Eg. 1, T is estimated‘by assuming channel

diameter of 107 % cm. (See J. C Martin work, Ref. 3).



It must also be assumed that soatterlng in breakdown data
will influence the channel closing simultanelty. This imposes
risetlme requlrement on the voltage applied to the gap, since the

spread in breakdown voltage AV must be Spanned in tlme shorter than

the slgnal propagation time between channels, ™+ T+ T If dV/dt

R "L
represents the voltage rise across the sw1toh then

: QX > __élz_l . | \(?)
.dt T+TR+TL

Since no preference for a glven gap 01081ng has been observed

‘the statistics of 51multaneous breakdown in-the experiment described

here is then dominated by the 1ntr1n51c-value of the scatter in the

- hreakdown voltage. Indeed the observed mean-value AV of 94 indlcates

lthat gt is too small to satisfy the inequality (7).

Ref 3 1ndicates that somewhat lower deviation of 7% was

observed in dats plotted in Fig. 1 (31gn1flcantly better than 124

'_dev1atlon found for oil and polyethelene) - It is therefore

expected that 1 MV pulser with 3 x 1012 V/sec charging rate will

'be sufflclent for s1multaneous switohlng of channels 20 cm apart

in a sw1tch with main plates sepatration (a + Dbror. Flg 2} being’

) 2 5 cm if 50 ohm/channel generators is used.

Further work on effective parallel olosing of sw1tches therefore

fmust awalt the constructlon of pulser that will have shorter

' eff (about 100 ns) and will operate at 1 MV, requ1r1ng larger

gap length and permlttlng better control of 8.
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¥ig. 2 - Time

-eXpos_,ure‘ ﬁhoto‘gfaphs of the switch channel clo-sipg'
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of switch channel clo sing

Fig, 3 - Str.éak and time exposure photographs
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