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STLLY UF THE TIME CHARACTERISTICS OF THE
ELECTRICAL BREAKDOWW OF SHORT GAS GAPS I
THE WAJOSECOWD TIHE RAWGE

Yu. I, Bychkov and G. S. Korshunov

(Presented by the science seminar of the Scientific Research Insti-
tute of Nuclear Physies)

Only a few works have been devoted to study of the time charac-
teristics of the electrical breakdown of short gas gaps in the nano-
second time range, although study of these characterlstices 1s impor-
tant for explaining the physics of the process and for practical use
in high-voltage nanoseconc pulse engineering. It became necessary to
Investigate the tine characteristics of short gas gaeps in the nano-
second time range because of the recent development, at the Tomsk
Polytechnlc Institute, of a great many hlgh-voltage nanosecond pulse
generators [1-3] which have been widely used in research on nuclear
physles, quantum electronics, the physics of dielectrics, etc., and
because of the need for constant lmprovement in the parameters of
generators, l.e., increase of the steepness of the pulse rise time
and the response time during triggering.

In this paper we glve the results of a statistical study of the
lag and switching time during the static and pulse breakdown of gas
gaps in the nanosecond time range. Here the region of investigated
gap lengths was defined by the real values of the gaps used in high-
voltage nanosecond pulse generators, 0.05-2.2 mm,
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Study of the Statistical Discharge Lag Time

As we know, the response time of a spark gup ccnslsts of two
components :
ty = 0 + %y, (1)

wnere v . s the statistical lag time caused by the appearance of
an erffective electron; L 18 the discharge shaping time, Since O.q
1s associated with the expectation of an effective electron, it i

4 statlstical value and has broad scatter. Ultraviolet irradiation
of the cathode (qQuartz lamp, spark discharge) creates a photocurrent
sronc the surface of the cathode, by means of which the scatter of
0_, can be decreased. Fletcher (4] has shown that with lrradiation
of' the spark gap with a spark of a nearby discharger - 0.01 ns,
'while T has no scatter and depends only on the applied fleld E,
Mesyats 2t al.-[5] have shown that the irradation effect is mani-

fested completely when the irradiation precedes the pulse by 70 ns.

The use of lrradlation is not always desirable, from a design
3tandpolnt.

We studled the statistical discharge lag time for fields
E = 300-1400 kV/cm, i.e., when effective electons are assured be-
cause of fleld emission from the cathode surface.

The experiment methodology 1s presented in [6]. The bandwidth
of the registration channel is at least 3-109 Hz., We used an
Gi=14 os2illograph. An automatic photodevice made 1t possible to
photograph the oscillograms of a great many breakdowns, up to 600
In each case. Such a large number of osclllograms give reliable
statistical distribution for the lag time.

Figure la shows the distribution of s as a function of tlme,
Ny

where n, .8 the number of pulses with a glven lag time ani n, 1s the

tctal nuber of pulsc:,

FID-lT-.3-1126=T1 2
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. = 1400 kV/em, ¢ = 0.01 cm; b -

1 function lnEHQLI E = 1400 kV/cm,

o 6 = 0-01 cm.

”{ Designation: Hcew = ns,
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Thus, g™ 1s tne relative number ol Lreakdowns having a given
",

lag tine., For example, 0.25 of tne breakdowns have a lag tlme with-

in 1.8-2 ns.

in.
In—

rigure lb shows the same distribution on axes

and t3, where

no 15 the number of pulses having given lag time or greater and n,
i5 tne total number of pulses. Tue term t3 cp. CT. shown in Fig. 1b
i3 the mean-statistical lag time which zan churacterize the degree
of scatter of the lag times. The greater the lag-time scatter, the
flatter will be the dependence cf hz?f on T and une greater will

Iu

Wwith a decrease In scatter, t decreases,

)
el 3 CP. CT.

3 op. CT. '
Figures la and lb show the distrioutions of tne lag time for a gap
of length 6 = 0,01 cm ard with E = 1400 kV/em, with carefully pollshed

copper electrodes.

Figures 2a and 2b give the dependences of t3 cp. cT on pres=-
sure ana gap length, respectivcly, with constant [leld strength
E = 300 kV/cm. The electrodes are of car2fully polished aluminunm.

From the dependence in Fig. 2a we see that t3 cp. CT abruptly de-

creases with a drop ln pressure, and is 0.7 ns with p = 20 mm Hg.

FTD=-h1-23-1126~T1 8
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According to (1), O ° G.7 ns. The value of ey in our case wlll e
determined by the flels? emisslon current, a functioti only of fleld

strength k. 4#ith a rise in pressure, at b = ccnst o B dnould rewaln

less than 0.7 ns and, consequently, the time=lag scatter with a rise
in pressure which we observed are time scatters 1, Figure 2b shows

tne dependence of t. on the lengtn of tne discharge gap for

3 Cp.e CT.

k= 300 kV/cu and atmospherdc pressure. In this case we have a de-
erease in to e from 1400 ns to 28 ns with an increase in § from
0,07 = te 0.0 em.  In small gaps a decrease in time-lag scatter
cun be achieve1 by means of aupernigh surges. From Fig., 1 1t 1s evi-
uent that only with 1 14-foid surge is It possible to reduce

2 CPe CTo

(p),

Fig. 2. a - dependence t3 cp.cr

E = 300 kV/em, § = 0.05 cmy; b =
3 A = NN
dependence t_ cp.:r\s)’ E = 300

kV/cm, p = 1 atm(tech).
Designation: ™M pt.cT. = mm Hg.

M w0 Cadome  for wod drciweisie
e - L = i i

L] & P ad as _ e
o, e

It should be noted that irradiation of the gap by the spark of
a nearby discharger sharply reduces t3 ep. .’ so that for gaps of
0.01-0.02 cm, with irradiation, t3 ep. cT. decreases by a fact r of
more %than 100. Consequently, gap irradiation decreases nct only the

component s but aiso T¢.
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Investigation of tne Switcning Time

Durlng tne spark-;ap swltching perlod the initial voltage on the
electrodes U 13 reduczd to the value U« U

de know [1] tnat with an increase in fleld strength E in the gap,
wnien can te acnieved by ralsing the pressure P or creating surge
8, the swiiching tlme decreases, However, there is very little exper-
Imental material on the study of switching in the nanosecond time
range during the statlic and surge breakdown of narrow gaps. In this
regard we conducted 4 study of the switching time during the statie
nreakdown of a gap with lengtn ¢ = 0,05-2.2 mm in varlous gases at
pressures P = |-7 atm and surge gaps 0.1 and 2 mm long in air at at-
mospneric pressure. Here the experiments were conducted with and
without illunination of the gaps by a PRK~5 lamp.

“he experiment methodology 1s shown in [7]. Electrode diameters
d 4ere selected 350 as to exclude the influence of interelectrode
capacltance on the switching time, described in [8], and were pre-
pared for & = 0.05-0.2 am, d = 1.2 mm; for § = 0.4-1 cm, d = 6 mm;

and for ¢ = 2,2 mm, d = 20 mm,

Ine swiltcning-time characterlstic 1s the time t, 1]

A 5 (2)

waere 1, 1s the current anplitude, (di/dt) 15 tne maximum steepness
of tne current time rise, and a 1s a constant which depends on the
type of gas. Fluctuations were detected durlng measurement cf tq.

Tnerefore each value of t was selected as the arithmetic mean of &0
(N}
or more measureunents.
The static gap dbreaikdowl wac lnvestigated line by line during
discharge (wave resistance Z, = 75 ohms). Figure 3a shows the de-
penaence of t  on pressure P and gap lengtn 6. With a decrease in

§ tne time t decreases, Just as with & rise in pressure, since tne
il

FID=-HT-23-1126-71 5
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fleid strengtn ‘uereises in both cases. When E > 150 kV/cem the time

1 is, for all Iintent: and purpose3, no longer a function of P and 4.
We estimated the coeffliclent a using Formula (2) for the data in Flg.
3a. We oobtalned satisfactory agreement with the jiompe-Welzel theory
(9], The maximum of the dependences for § = 0,05, 0.085, 0.13 mm

also agrees with this theory.

| Fig. 3. a - dependence
tm(p): 1l ~¢=2.2 mm,
-6=0,98mm, 3 -6 =

no

i = 0.7mm, ¥ - 6= 0.4 mm,
| b -6 ®0.2mm, 6-6=
: = 0.05mm, 7 -6 =0.08
I—Illll lll-il_t mm’8-6'0'13mm;b-
¢ .r 2 3 % f‘n & 7 dependence t (E) for
' m.

various gases: for alr
N?, H2, Uo = 15 kV; for
Ar witn E = 9,3 kV/cm,

bo = 7.2 kV, for remair-
ing polints U0 = 11.5 kV.
aeY: {1} Alr.
Lesignations: wHcew = ns;

ar = at; ue = kV.

The recults give above for the time-switching stuay were ob-
tained with no {1lurm.nation of the gaps. With illuminatior of gaps

FTD=-HT-23-1126-71 b
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§ = 0,1-0.5 mm long using a PRK-5 lamp, no noticeable differences in
time t, were noted.

It must be mentioned that with é = 0,05; 0.2; 0.5 mm, the elec-

‘trode material (Cu, Al, W, steel) and the number of impacts (v1000)

had no influence on tm and the nature of the oscillograms UR(t).
This indicates that near-electrode effects have no noticeaple in-
fluence on the switching process during the static breakdown of

narrow gaps.

Figure 3b gives the dependence of t on E for various gases
with line discharge. Here, for air, N2, and H2, U0 = 15 kV; for

Ar, when E = 9.3 kV/cnm, U0 = 7.2 kV, while for the remaining points
UO = 11.5 kV. For air, nitrogen, and hydrogen there 1s a tendency

to approach time t with increasing E. It 1s interesting to note

that in Ar at atmospheric pressure (which corresponds, for our case,
to E = 9.3 kV/em, § = 7.8 mm), time t  1s much less than for other

gases. This fact has previously not been noted.

Pulse breakdown of the gaps is accomplished by feeding, to the
studied gap, pulses with a steep front of varying amplitudes. The
pulse front time was selected such that gap breakdown occurred on
the flat portion of the pulse. We studlied two gaps. With § = 0.1 mm
the gap was 1lluminated by the PRK-5 lamp; with & = 2 mm there was nc
11lumination. Data on time t and surge 3=;fﬂul where U,, 1s the

T

voltage at which breakdewn occurs and U, is the static breakdown

voltage of the gap, are given in Table 1.

From Table 1 we see that ldentical values of t,, for gap 6 32 mm
are obtained with a much lower surge than for 6 = 0.l mm. It is in-
teresting to note that for gap § = ¢ mm with B = 1.25 the time tN is
already several times lower than the time tM which is obtained with
static breakdown of a gap with 6 = 2.0 mm, and p = 1 atm(tech).

FTD-HT=-23-1126-71
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Table 1. .

V0w | B ! 2 3 4 s |6 |7 -
UCT::: 1xa ! . .
e | 085 | 08 | o o7 | o6 lo4s | 03

a2 My 3 1,2% 11 L 1,95 2,15 2.4 20

Ucr=8t5sa ' | 32 [ 24 | 18 | 1B | L1 | 081 | 0
Heen

TDesignations: wcen = ns, ws = kV],

The autiiors wouid ilke to tnank G. A. Mesyats for posing the
provlem,
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