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ABSTRACT 

An electronically 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 signal 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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20 KILOVOLT DELTA FUNCTION. GENERATOR 

Harry G~ Heard 

Radiation Lab~ratory, Depc;l.rtment of Physics 
University of CaUfornia, Beikeley, California 

May14, 1953 . 

INTR()DUGTION 

Current investigations of the initiation mechanisrp. of 

the d. c. vacuum spark called for 3l.n ultra -high speed iin;pulse 
• > " ' ' • l ~ 

generator having mHlirnjcrosecond time jitter. and capable of 
. . ' . 

generating.~0-30 kilovolt pulses of not ~reater that;~- 3 mi~limicro-

second total width. A fast actin.g circuit \Vas desired so that the 

selective attenua~ion anc:i dispersion of delay cables .coulc:i be , . 

reduced to a minimum. 

Atmospheric gaps have been used for the gep.7rati_on of 

primary impulses having ri~etimes of the order of 20 millim~cr~­

secondsl which with sufficient ov~·rvoltage can ha~e a statistical. 
.. . . ·, ' ·. . '. 

formation tim~ of less th~n a millimicrosecond. 2 Mer'cury 

and vacuum switches have been used for production of ultra­

high speed impulses, but fail to meet the requirements either 
. . : . . . 

because of slow action and large time jitter of the mechanical. 

circuit (1500 ± 2oo:·microsecorids) or because oflimited voltage 

switching capacity. 

It was found that the design requirements could be 

satisfied by the use of a coaxial impulse generator .containing hy­

drogen thyratrons .. This ~r:J::angemen_t in combi~ation.withan' 

atmospheric pulse sharpening gap is easily triggered and provide~; 

1 R. C. Fletcher R. S. I. v. 20, p, 861, 1949 

•; 

· ... · 

2 R. Strigel Elektrische Stos sfe stigkeit, Julius Springer, Berklin, 
1939, p. 

··'· 

:' ,., 

. ,./ 
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- ~ -·~- .:~ ~--'· : -· ~- i ,. · ~ -r /·:. , .... :-r·:: .. l. . _ . . .J .r ., .. ~ r~: __ :,·\ 
the desired needle impulse essentially._free of spurious voltages. 

1 ) ··· •. ~-- ... ~ · •• -~ ... ; >~- "' .. : :..":. 

The technique for geil.erating fa'st pulses consists 

simply of utilizing the short formative time lag of a highly 

overvoltaged air gap. The fofril.~ti..J~{titn~~ la.g of a pressurized 

spark gap decreases with overvoltage and increases with pressure. 

For sufficiently :high voltage's 'tliis titne lag;' whick i's: '1~ ss t:hitn 

electron transit time, ·but 'greater 'than 'photbri. trktti's:it' time; . .:.c'an be· 

lower than a millimicrosecOnd." - ·· t· · .. <,, < '·' '' 1; · • '·r ·· ' 

.L 

In order to utilize· thischaritteris'Hc,: liowevei·\ it'is '. , .... 

necessary to produce an impulse \vhic:h wiif'Briri'g.th~ ele'cfr'6aes .·.o j:'''' ·· 

to this high overvottage iriless "than.the statistttal'for'rriahon'tLrb.t? ·~ 

of the gap. To generate impulses of the highest po·ssl.hle speed'· 

the atmospheric gapsh'auici have'crose spae:Jing 'anci the 'ar1ving 

impulse shoUld be a~ large in.'amplitude· as·possible: These ··• 

two requirements can be.· s'citisfie'd {(the driving pu.t'se odgl.nates: 

. ·. ·~ .. . ' . 

. l ~ .· 

in a very low impedance generator which.' hi§~ :tise tiln.1e1ess·';. t·:.:i . ;· •. ·:. 

than the statistical fornJiation·time ofth:e sh'arperiing'·gap'>'·Using•:·· '··· 

equipment desci-ibed 'belHw ':lfwa·s found p6ssi'ble.tt/gen~raf~:fh:e' 
,:::· 

.~ .. u .'.' .:..: l " ! -~. f ;J.'·~ ·~ : ·:· • " •. ··.!' 

APPARATUS {• ·' 

Coaxial Impuis'e Generatdr' • ) ~ ., . l .. ·. :. : ' 

. . . . 

The 5C22 hydr6gen thyratrori \vas: ·chose'n to ·gene'ta6~ the ' 

driving. pulse because it is easily tr'iggered.and in~ets; the voltage 

and time jitter requirements. . ·: (f ... ·",_., .. , . , 
.. ' 

The impedance. of ,the switch tubes, was .reducec:l. to a. 

minimum by enclosing them as the center conductor in a 50 ohrn · · · 

coaxial transmission line. Figures 1 and 2 illustrate the physical 

arrangement of parts. 

._i . ) .• l~ 

f: 

; ' 
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High voltage insulation presented difficulties in this 

minimum space design. Continuous Teflon and polyethylene insu­

lato.rs were found to solve this problem. 

The input and output of this generator were connected 

to RG-8U cable. Appropriate 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 give_ a total pulse length of 80 

'millimicroseconds, see Figure 3. · 

It appears to be possible to pro'duce pulses of arbi­

trarily large amplitude using this coaxial generator by simply 

adding 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 fir~ng of the first tube .in· the. chain; see Figure 4, 

places a sufficiently high voltage pulse the succeeding tubes that 

they fire in the order of a millimicrosecond. 

Pulse amplitude was limited by spark-over of insulating 

transformer_s and transmission line connectors. 

Both positive and negative impulses have been obtained 

from this driving generator by means ofthe simple modifications shown 

in, Figures 5 and 6. 

Delta Function Generator 

Almost a factor of three increase in rise time results 

from the use of the pulse sharpening g3:p as. can be see~ by comparing 

Figure 3 with Figur'es 7 and 8. The leading edge of this 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 fro:rn:the, epaxial .~rr1pulse -generator_ 

results in a differentiated pulse which. is. :reas·onab_ty fre~ from extra-

neous voltages. ~; _ _. ;• ~ r . •· •. · • 

In order to preserve t:P.e pulse ,wavefpz:m when driving a 

system of inherently high inductance al).d c;:apacity, the delta function 

generator was made an integral part of.·th~ high,voltage electrode 

( see Figures 10 and 11). _ , \, 

The needle pulse passes (,iown apprpximately 18 inches 

of air and/or vacuum 50 ohm transmissionline,which is termina,ted.at. 

the 100 kv electrode by a distributed resistance equ~l to th~ c~aracter­

istic impedance of the transmission line. 

Measurements . ··: .. i 

Two problems arise in the measurement of ult~a-high' 

speed impulses, synchronization and osdllos1cope bandwidth .. ·sy-n..:: 
chronization can be accomplished by triggering from the impulse arid 

delaying this signal with high q{rality cabre so that it appears after 

the sweep starts. The delay cable Used in this stand~:trd low frequency 

technique causes :pulse distortion by selective attenuation arid dispet­

sion of the high frequency components of the impulse. Because the 

above system is electronically triggered and has extremely smali 

jitter, pulses can: pe observed by applying the im:fnilse directly to the 

cathode ray tube deflection plat~s. 

The delay adjustment required for synchroni~ation is thus­

placed in the oscilloscope trigger channel (where it logically .should _ _ · 

be to prevent pulse distortion). 

Pulse measurements in the millimicrosecond range· require· 

cathode ray tubes having low tram3it tibe di'stortion and high whting 

speeds. The traveling wave3 cathode ray tube was chosen over the 

more conventional tubes because of its low transit time 'distbrtlon, --

(4 percent drop at 1000 me) good· impe'dan'ce match at the deflection 

plates, higher beam powerimput and sharper focus (0.15 mm spot 

3 Smith, Talbot and Smith, Proc. IRE, v. 40, p. 297, 1952 
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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 recording 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. It thus appears possible to produce pulses 

having rise time of 10 -lO 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. 
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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. 



.fig. 3. Direct o utput of c oaxi a l .impu,1 se g ene1·a.tcr c 
befu re sharpenir1g. Rii.le tirne l. 75 .K 10- 1 

sec 10'7. ?.. ± . 1 me timing ·; a v r->. . 
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Fig. 7. Sharpened o utput of coaxial impulse generator 
before differentiation. Pulse length of 6. 3 
xl0-8 sec. 108.0 ± .lrnctimingwave. 



Fig. 3 . E.h ar p e n e d o u tput o f c o axi a l imp ul se g e n erat o r r i se 
tim e 0. 6 x lo ·- 9 s e c. 108 ± .lmctimi ng w ave . 

ZN-618 
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Fig. 9. Differeptiated 6\itput of dt:;lta function generator. 
· Pulsewic;ltp 2.5xl0~9 sec. 402.1 ± 

0. 4' me ti~j.ng -.;;,r ave. 
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.F'ig . 11. Co m p l ete delta function generato r 
100 kv electr o de . 


