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ABSTRACT 
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A portable pulse aenerator with output pubes in the mf.llimicrosecond 

(m.,.sec) realon at hiah repetition rates is described. The aenerator has 

repetition rates of up to 107 pulses per sec:oncl. pulse rbe times of leas than 

2.5 ml'eec, and pulse widths adjustable from l.5 to 25 lnf.&Sec. The output 

pulse i8 negative in polarity, from 0 to lZ volts amplitude into laS ob.me 

impedance. The instrument has provisions for gating, ainale pulsi.na, and 

operation with drive from an external sianal source. The instrument weipa 

40 pounds. 
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1 Mercury .. relay-type pulse seneratora with output pulses of lese than 

1 millimicrosecond rise time are available, but theee generators are usually 

limited to repetition rates of lese than a few hundred cyclee per second. Pulse 

generators capable of rates above 1 Me generally have output pulse rise timee 

-8 on the order of 10 second or slower. Some generators have faster rise times 

at :repetition rates oi more than 1 Me, but their output levels are on the order 

of less than 1 volt. 

It can be shown that the minimum pulse width that rnay be formed by 

clipping lines ie equal to the rhe time of the pulae. Because of thie phenomenon, 

narrow pulses can be £ormed only !rom pulses of c:ompal'able riae times. 

The pulse generator described here is a UAlt with an output pulse riee 

time of lees than l.S mp.aec: and repetition ratea of up to 107 pulses per second. 
' 

The output pulse amplitude 1e 0 to 1 Z volta. The pulee width is acljuated by the 

use of external clippinalinea from a.s to 25 mtJ.&ec. The instrument e.mploye 

circuitry and techniques that require a minimum of circuit complexity and 

power-supply demands, reaultins in a small, portable unit. 

* Work done under the auapices of the U.S. Atomic Energy Commie a ion. 

1va1 Flab, Jr., A Coaxial :Mercury Relay for Fast Pulse Generation, 

UCRL-360Z, July , 19SS. 
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SPECIJ.ICATIONS AND OPltR.A.TION OF THE PULSE GENERATOR. 

The repetition rate ol. the ptdser may "be controlled by an internal 

aenerator, a single-pulse push button, or an external signal source. Positive 

pulses from an external signal source of at least S volta amplitude will trigger 

'1 the pulse generator from 0 to 10 pulses per second. Sine-wave input from an 

external source may be u.aed. but the input amplitude requirement varies with input 

frequency, aa ehown in l'iiJ. l. The internalsenerator frequency is controlled 

by a six·decade coarse-frequency selector switch anci a fine-frequency control. 

The internal generator frequency range ie 10 cpa to 10 Me. 

A positive ZO-volt pulse. 50 lllJ.LSec wide, precedes the output pulse by 

approximately 10 lnJ.I.Sec for initiating timing or triggerina oacilloacopee. 

Tbe instrument has provisions for gateci operation. For ••unaated.11 

• operation the gate is open, and all pulses are allowed through. .For "gated" 

operation the aate remains closed if no sianal (i.e., a 0-volt signal) appears 
' 

at the aate input. The aate is opened. by a positive lO-volt signal and may be 

turned on or off in less tb.an 0.1 microsecond. J'igu.re l shows some bursts o£ 

pulses that are obtainable when the sating feature of the instrument ie used in 

conjunction with the internal generator. Becauae there ia no provision for 

aya.chronizina the gate with the internal generator, the .first and laet pulses in 

the train of pulses may not alwaye be full amplitude. Bursts of pulses are 

useful for aimulatin& operation with pulsed accelerators and checking equipment 

for such iteme as repetition-rate sensitivity, base-line shift, and pile-up. 

The output of the instrurr1ent is designed to operate into lZt-obm 

impedance. Th..ree output channele are available that are coincident in time. 

The output pulse in each of the chanaels is independently adjustable for amplitude 

and. pulse width. The output pulee is of negative polarity, 0 to lZ volts in 
j. 

amplitude when feeding a 1Z5 ·ohm system. The instrument could easily be 
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modified to operate into other impedance levels. The pulse width is adjustable 

from 2.5 to 25 MJlSec by meane of external clipping lines. Output wave-forms 

are shown in J'ig. l by means of multiple exposures. Fipre 3A in4icatee the 

ranae in amplitude available, and Fig. 3B inciicatea the ranae in pulse widths 

attainable. These sianale are displayed directly on the defiec:tion plates of a 

cathode-ray tube in a Tektronix 517 oscWoec:ope. With the riae-time limitations 

of the cathode-ray tube ( l.Z m.,..eec riae time) and the interaction o! the aianal 

with the horisontal sweep accounted for. the. rise time of the output pulse ia 

calculated to be lese than Z. 5 lnf'.&ec. 

Becauae o£ the use of clipping linea fol" determining the output pulse 

widths, there ia no reverae t:erminatina resietor in the inatrument. This 

feature neceasitat~s the use of aood termination in the output circuit if 

reflections are to be eliminated.. 

The input power requirement varies with output repetition rate. When 

the output repetition rate ia 107 puleee per aecond., the power requirement le 

approximately ZOO watts at 117 volts ac. 

CIB.CUIT DESCRIPTION 

A simplified block diagram of the inatrument is shown in Fig. 4. The 

tubes associated with each function are indicated. The schematic circuit 

cliagram ia shown in Fig. 5. 

The single-pulse and external-drive input aianals triager a &q\lare-wave 

aenerator (S WO) (V 1, V l., and V3A) When tb.e coarae-fref1uenc:y ranae-aelector 

ewitctl b in poaition 7. 'fhie switch. ie the £our-cieck switch shown in .Fig. 5. 
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In switch poaition 7 the SWQ becomee a monostable multlvibrator. The SWG 

ia baaically the aame switching circuit used in a 40·Mc scaler .. z This awltchiniJ 

circuit h capable of very fast switchins speeds3 and ie par~ly responsible lor 

the eimpllc:ity of circuit d.eeign in the instrument. The SWO may be triggered 

at a rate up to 107 per second by positive pulses of at least 5 volta amplitude. 

With external-drive input pulses or single pu.lses there is no lower limit on 

the repetition rate. With sine-wave lnput signal• the required input-signal 

amplitud.e for triggering the swa varies with input frequency as described before. 

In the other six position& of the switch (positions 1 through 6) the SWO 

becomes an astable multi vibrator. The coarse-frequency range of the astable 

multivibrator is determined by the RC timing networks selected. By returning 

the reslstcrtt in the RC timing network to an adjustable potential, one can vary 

the frequency of the SWQ over. a 10-to-1 range for any selected RC timing 

network. The frequency range of the internal generator from 10 to 107 pubes 

per second is covered by six decade eteps in conjunction with the fine-frequency 
' 

controlo 

The SWG is capable of faet switching speeds with a resultant output

signal rise time on the order of lS mJ.lsec. This fast rise time allows sharp 

differentiation of the square-wave signal. The reason for differentiating the 

signal sharply ls to keep the duty factor of the amplifiers that follow from 

becoming excessive at the high repetition rate•. The fast riee time abo 

contributes to the sbnplicity ol. tb.e instrument; a tmaUer number of amplifying 

stages ie required. 

lM. Nakamura, "Forty-Megacycle Scaler, u Rev. Sci. Instr. l.8 1015 .. lOZO 

(1957). 

3Melvin BroWJl, "Greater Gain Bandwidth in Trisaer Circuite, .. UCRL-8473. 

Sept. 1958. 
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The Oate (V3B) employs a cathode follower coupling the differentiated 

signal from the SWQ to the first amplifier V4. \Vhen the {Jlto switch is in the 

"ungated" poeition, the cathode follower biaaeo V4 just beyond cutoff. Jn this 

'
1ungatecl" position the sigm.als !rom the SWO are sufficient to bring V4 into 

conduction from just beyond cuto.U. When; the gate switch is in the 11 satecl' 1 

position, V4 is biased well beyond cu.tdlf, and. eignale from the SWO cannot 

bring the arid of. V4 into conduction. A positive lO-volt signal to the gate (VSB) 

ie required to bring the grid o£ V4 to a bias level such that signals from tbe SWQ 

can be ampli.iied. 

The amplifiers VS through V7 are each biased beyond cutoff and are 

driven into conduction by the sianal. Signal inversion between eech ampllfier 

stage is accomplished. by pulee tranefor1ners. The transformer winclinga, 

a l-to•l atep-d.own. reduce the capacitive loacling of the following grid inpt 

to tb.e preceding stage. The signal drives each. amplifier etage into conduction 

!rom cutoff. proareardvely eteepening the rlae time of the signal. Figure o 
indicates this process of eteepening the signal wave form. The input signal ia 

of sufficient amplitude that it overc:omea the bias level beyond cutoif aDd drtvea 

the arid oi the amplifier well into conduction. The value "a" indicated in i'ig. 6A 

is alow-risina and is not a1nplified. The portion of the aianalla.beled "b" is that 

part of the aicnal 'Which is ampltiied. Fiau.re 6B irulicatee the improved wave 

. form obtainable from euch an operation. 

This metl:tod of. bringing the amplifier into conduction from cutoff with 

the alci of invertinJ step-down transformers has three advantaaee: (a) the 

steepest portion of the input pulse may be selected for amplification• (b) the 

following input-stage loadir1g to the preceding stage is reclu.cech and (c) the 
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power-supply requirements ,are minimized because large quiescent currents 

in the amplifiere are not required. 
\ 

Because each amplifier ia driven well into conduction, tb.e plate 

df.seipation of the amplifiel's at high repetition rates can be kept within tube 

rating a only by limiting the duty factor. Tb.is h done by differentiating the 

signal from the SWO, thus narrowing the signal pulse width. This differentiation 

limits the maximum pulse width obtainable from the instrument to Z5 m~sec. 

Tbe positive tri1ger-output elgnal la taken from the gl'id of VS and isolated 

from the amplifier etagee by an output pulse amplifier (Vl4) with a pulse-

transformer output. 

Output amplifiers V9, Vll, and Vll are fed from the same source 

and driven into conduction from cutoff. The amplitude of the output t:dpal is 

a function of the plate and screen voltages of the output amplifier tube&. These 

voltages are controlled by eatltode followers VS, VlO. and Vl2, whot!le cathode 

potentials are independently adjustable. The output pulse is of negative polarity, 

0 to 12 volta in amplitude when fed into lZS ohms lm.pedt:Lnce. Had the instrument 

been designed to feed into other impedance levels. the output amplitude would 

have been different. 

The output pulse width is adjusted by the double transit time in the 

clipping lines. which ~re externally connected to the instrument; 1Z5-ohm. 

cable such as R.O 63/tJ must be used in this instrument for clipping linea. The 

averase velocity of propagation in RCi 61/U ie 9.9 lnchee per ml<laec. Because 

the rhe time of the pulse le lees than 2.5 mv.sec, the minimum plee width may 

be clipped to lees than Z.5 mv.sec:. The muimum pulse width of ZS mv.eec 1£ 
• 
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limited by the pulse within the instrument. The positive overshoot o£ the eignal 

resulting from the_clipping action is eliminated from the output 'by a combination 

• 
of series and shunt diodel!l. 

U positive output signals are desired, or if output impedance levels 
' 

4 oth.er than 1Z5 ohms are required, transformers similar in construction to the 

interetase transformers may be used for inversion or impedance transfortnadon. 

The unit has a self-contained power supply, which is shown in .F'ig. 7. 

Note the uoe o£ semiconductor devices for aimplifying the power-supply design. 

Because of the simple circuitry and the amall power-aupply requirements, the 

instrument is small and compact. The portable pulse generator is packasod 

in a box approximately 14 ... 1/l X 11 X 11-1/4 inches and weipa 40 pounds. 

See l!''ig. 8. Note external clipping lines at the rear of the instrument. 

Tb.e author would like to thank Mr. Frank Evans • who has previously 

sbown that output pulses of iaat riae time could be attained by uatng techniques 

similar to those described bere. The author would also like to thank Mr • 

.Dick A Wack for his helpful discuaeiona and suueetions. 

4 N. Whmingetad, Nanosecond .Pulse Transformers, IRE Trane. on Nuclear Sci. 

(paper presented at meeting at San Mateo~ California, Nov. 6-7, 19!58). 
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LEGENDS 

Fig. 1. External-drive input requh'ements for sine-wave aignale vs. frequency. 

Fig. Z. Bursts of 10-Mc pulses obtained 'Nben gating feature is used (vertical 

sensitivity ::: 16 volts/em; horizontal sweep m 0.25 p:sec/cm). 

Fig. 3. .Multiple exposures of output wave forma. (A) Output amplitude 

variations. (D) Output puloe-width variations (vertical 

sensitivity = 16 volts/em; horizontal sweep ::: 5 mf.tsec/cm) • 

.Fig. ''· Simplified block diagram of pulse generator. 

Fig. 5. Circuit diagram of pulse generator. 

Fig. 6. Amplifier input (A) and output (B) wave forma. indicating steepening 

o! pulse rise time (wave forms not necessarily to same eeeJeh 

Fig. 7. Circuit diagra:m ot power supply for pulse generator. 

Fig. 8. Pulse generator. 

• 
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