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ABSTRACT

An eléctronically triggered pulse generator is described
which furnishes 20 kilovolt pulses having rise times of 0.6 milli-
microseconds. Hydrogen thyratrons; are used in a specially designed
coaxial impulse generator which has a triggering time of the order
of 100 millimicroseconds. - The time jitter of the entire system depends
on the speed of the incoming trigger éignal and the statistical formation
time of an atmospheric gap and is of the order of a few millimicro-
seconds. Triangular pulses having a width of 2.5 millimicroseconds

and an amplitude greater than 20 kilovolts can be obtained.
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IN_TRODUC-TION

Current inve st1gat10ns of the 1n1t1at10n mechamsm of
the d.c. vacuum spark called for an ultra-high speed 1mpulse .
generator having millimjcrosecond time jitter and capable. of
generating.20-30 kilovolt pulses of riot greater than 3 millinﬁcro-
second total width. A fast acting c1rcu1t was desired so that the '
selective attenuation and dispersion of delay cables could be
reduced to a minimum. - v . : L

Atmosphenc gaps have been used for the generatmn of
primary impulses having risetimes of the order of 20 m1111n_'_1;cr9—
_ seconds1 whi-_ch with -sufficient O\_(e’rvoelt'a_.‘ge ean' ha;re:v a statistical
formation time of less than "a millimicroseeond.. 2 Mer_'cury |
and x‘/acuum switches have been used for pfoduction of ﬁltra‘-
high speed impulses, but fail to meet the requirements e1ther .‘ )
because of slow actlon and large t1me J1tter of the mechan1ca1
circuit (1500 £ 200’ ‘microseconds) or because of 11m1ted voltage
switching capacity. _ C )

It was found that the design requirements could be
satisfied by the use of a coaxial impulse generator containing hy-
drvogen thyratrons. This arrangement i_n‘combipetion,_withfarf‘

atmospheric pul_se sharpening gap is easily triggered and provides

IR.C. FIetcherR S.1. v. 20, p. 861, 1949 ' B '
2 R. Strigel Elektrische. Stossfest1gke1t ‘Julius Springer, ‘Berklin,
1939, p. 34 . S , : .
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the desired needle 1mpulse e's;se‘rrtiaglly;frteie ij spurlous ;eltatge s.

The technique for géﬂe‘ratfirig‘f fa'st pulses consists
simply of utilizing the short formative time lag of a highly
overvoltaged air gap. The formative time iag of a pressurized
spark gap decreases with overvoltage and increases with pressure.
For sufficiently high voltages this titne l'ag"-,“Whi‘i:'h‘*’ is' 155 than

electron transit time, but greater than photon transit’ time, “can“be -

[PV DT S L P RN I A S

lower than a m1111mlcrosecond

1n order to utilize’ th‘isf=:chla'réiétéi‘i';s‘ti”:é,: ‘however, it'ig ' "

necessary to produce an impiilse which will bfmgthe electiodes
to this high overvoltage ir less ‘than thé’statistical formation time
of the gap. To generate impulses of the highest possible speed’:
the atmospheric gap should hivé closé spa¢ing and the driving
‘impulse shodl’d"’be'a‘é large in"amplitude ’aé"fbﬁés’iblég S Thége T ¥
two requ1rements can be’ satisﬁed if the dr1v1ng pulse orlgmates
in a very low 1mpedance generator ‘which has & fise t1me less’
than the statistical formation time of the sharpenmg ‘gap.” Usmg
equipment desctibed beldw if wa's found pos51b1e to’ generate the v Ay

desired impulse without resort to a pressurlzed gap

. . . Voo - . L.
Pavids Tk e bR s e

APPARATUS

Coaxial Impulse Generator = ~* 7'
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LTy L

A P

The 5C22 hydrogen thyratron was thosén to generate the &' "

driving pulse because it is éasily triggered-and mééts’ the voltage '

and time jitter requ1rements o . - R s

i i

- The impedance of- the sw1tch tubes was: reduced to a
minimum by enclosing them as the center conductor in a 50 ohm
coax_1a1 transmission line. Figures 1 and 2 illustrate the physical

arrangement of parts.
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High voltage insulation presented difficulties in this
minimum space design. Continuous Teflon and polyethylene insu-
lators were found to solve this problem.

The input and output of this generator were connected
to RG-8U cable. Appropriaﬁte taper sections were designed to take
care of the geometrical transformation at constant impedance.

This coaxial generator, when driven by 1 kv pulses of -
5 millimicrosecond rise time, generated impulses from 5 to 25 kv
with a rise time of 1. 75 millimicroseconds. Approximately 40
feet of RG-8U cable was used to glve a total pulse length of 80
‘millimicroseconds, see Figure 3.

It appears to be possible to produce pulses of arbi-
trarlly large amplitude using this coaxial generator by simply
addmg more thyratrons in series. No change in rise time of the
output pulse was detected when two tubes rather than one were used
to generate the pulse '

The firing of the first tube in' the cham, see Figure 4,
places a sufficiently hlgh voltage pulse the succeeding tubes that
they fire in the order of a millimicrosecond. ' '

Pulse amplitude was limited by spark-over of insulating
transformers and transmission line connectors.

Both positive and negative impulses have been obtained
from this driving generator by means of the simple modifications shown
in Figures 5 and 6.

Delta Function Generator

Almost a factor of three increase in 1_;ise time results
from the use of the pulse sharpening gap as can be seen by comparing
Figure 3 with Figures 7 and 8. The leading edge of thi\s_ pulse now
has a rise time of slightly greater than 0. 6 millimicroseconds. When
differentiated by an appropriately chosen shorting stub, the delta
function generator produces a pulse having a total width of less than

2.5 millimicroseconds (see Figure 9).
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. The flat-topped pulse-from-.the: coaxial ;i.mpul-s_e.'generat:‘or_ o
results in a differentiated pulse which is; ;easonabl.y free from extra-. .
neous voltages. . T U TR ? TIPSR
In order to preserve the pulse.waveform when driving-a. . .
system of inherently high inductance and capacity, the delta function -
~ generator was made an integral part of.-the high:_;v.oltage-‘ele,ctrode
( see Figures 10 and 11). R
The needle pulse passes down approximately 18 inches
of air and/or vacuum 50 ohm transmission l_ine_,which is terminated. at . -
the 100 kv electrode by a distributed resistance equal to the character- -
istic impedance of the transmission line. '

Measurements .

Two problems arise in'the measurement of ultra-high’
speed impulses, ‘synchronization and o'sc:ill'os;cop'e bandwidth. - Syn-
chronization can be accomphshed by trlggermg from the impulse and !
delaying this 51gna1 with h1gh quahty cable so that it appears after
the sweep starts. The delay cable used in this standard low frequency
techmque causes pulse distortion by selective attehuation and dlsper-v -

sion of the high frequency components of the impulse. Because the
above system is electronically trlggered and has extremely small
jitter, pulses can be observed by applymg the 1mpulse d1rect1y to the
cathode ray tube deflection plates. ' '
The delay adjustment required for synchro‘nié:étio‘n is thus -
placed in the oscilloscope triggér channel (where it logically should .. .~
be to prevent pulse distortion). o L
Pulse measurements in the millimicrosecond range requ1re o
cathode ray tubes having low transit time distortion and hlgh wr1t1ng
speeds. The traveling waye3 cathode ray tube was chosen over the
more conventional tubes because of its low transit time distortion,"
{4 percent drop at 1000 mc) good ir'hp-e"dati’ce match at the deflection

plates, higher beam power imput and sharper focus (0.15 mm spot

3 Smith, Talbot and Smith, Proc. IRE, v. 40, p. 297, 1952



UCRL-2207
-7-
diameter). With this cathode ray tube and a sweep generator
similar to the coaxial impulse generator described above, sweep
speeds of the order of 0.3 millimicroseconds per centimeter can
easily be achieved. Faster sweeps can be produced, but photo-
graphic recordin'g becomes difficult.

Further increases in rise time of high voltage impulses
can be obtained if the sharpening gap is pressurized. This will
allow the application of a higher driving voltage to the sharpening gap
and a reduction in gap spacing. An upper limit on the rise to the
peak voltage level is set by the breakdown mechanism of the
pressurized gap. If thus appeats possible to produce pulses
having rise time of 10 10 seconds and less.

Fast rising pulses will find application in producing
extremely high sweep speeds, removal of beams from cyclic
accelerators, etc. The differentiated pulse will be invaluable in
making cause and effect measurements and in producing short

bursts of charged particles for interaction studies.

Acknowledgments

It is a pleasure for the author to acknowledge the
work of Vernon Smith in the development, construction and testing
of this instrument. R.M. Richter and H. L. Smith are thanked
for their coordination of research facilities. D.C. Cook of the
Naval Research Laboratory is thanked for making available the

traveling wave oscilloscope.

Information Divisio
5 / 14 / 53 . mc



Fig. 1. Coaxial impulse generator showing externally
mounted 30 kv isolation transformers.



Fig. 2. Open view of coaxial impulse generator showing
location of 5C22 thyratrons,
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Fig. 3. Direct output of coaxial impulse genevaicr
before sharpening. Rise time 1.75 x 10
sec 107.2 £ .1 mc timing wave,
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Fig. 7. Sharpened output of coaxial impulse generator
before differentiation. Pulse length of 6. 3
x10"8 sec. 108.0 = .1 mc timing wave.
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Fig. 8. Charpened output of coaxial impulse generator rise
time 0.6 x10~9 sec. 108 # .1 mc timing wave.



> Fig. 9. Differentiated output of delta function generator.
iy Pulse width 2.5x 1077 sec. 402.1 =
0.4 mc timing wave.



DELTA FUNCTION GENERATOR CROSS—SECTION SHOWING PULSE SHARPENING
GAP, DIFFERENTIATING STUB AND INTEGRAL TRANSMISSION LINE TERMINATED
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