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ABSTRACT 

UCRL-8S40 

A pulse-height discriminator has been clevelopecl which ls capable of 

operating at repeti~on rate& up to 10 Me/sec. It accepts positive input pulses 

with a threshold adjustable from 1 to 11 v. The output elgnal f.e. ol con•tant shape 

and ampliwde. The circuit is cleecribed and test results are given . 
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lNTR.ODUCTION 

In cOunting experiments with high-energy particle accelerators, the require .. 

ment ha-s arisen for circuits capable o£ high repetition rates~ m the use of pulse .. 

amplitude discriminatol'5it is important that the c;:ircult maintab11a conatant input 

threshold and output pulse shape for wid~ 'Variations of the inpllt duty factor. The 
) 

cis:-~uit described. here ia primarily intended to embody these features and to 

operate from the alpals of coinc:tdence circuits. The diacrlminator uses reliable 

long-life tubes; it baa been designed to achieve good threshold stability for lon1 

periods and f.or repetition-rate variation• from 0 to 10 Me/sec. The complete 
< 
circuit is shown in Fig. 1. It consists of a threshold amplifier (VlA, VlB, Vl), a 

tricger. circuit (V4A, V~>B) ancl a cathode-follower output c~rcuit (VSA, VSB). 

THRESHOLD AMPLIFIER. 

The threshold amplifier ia derived from the conventional cliUerence 

amplifier. The ~oc:le Dl which introclucee a nonlinear cwplins between cathodes 
( 

'l·mproves the discriminator linearity by sharpening the lower knee of the transfer 
. ;dw 

·· characteristic. It also increases the speed and the stability • because/tubes are 

. •This work was done under the auspices of the U.s. Atomic Energy Commieslon • 

. ton leave from the Centre d'Etudee Nucliaires de Saclay (France). 
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both conducting ln the quleachmt state and the circult is hiahly desenerative. 

The teedthrough clue to the d.lode capacitance and to stray c:apachancee between 

cathodes .is neutralized by the circuit employing tube Vl.. · The signal threshold 

is adjustect by varyina the grid biaa on tube V lA. 

TRICiOER CIRCUIT 

The trigaer circuit ia a two-stage amplifier with a poeitlve-feedbaclt loop 

through a capacitance (C8) and a nonlinear device (semiconcluctor diode DS) 

presenting a high impedance in the quieacient state in order to insure stability. 

The output .etpal is shaped by means of a J'eaonant circuit. The tubes V4hi.;.;.\'L 

and V4B are in series for the dbec:t-current path. This arrangement1 allows one to 

use cllrect-current coupling through the <Uode DS and increases the etabUity. At rest. 

the tubea are l»oth 4oa4ucting ia a region of high transconductance. The. positive 
. . 

pulse coming from the threshold amplifier ia feel through diode DZ to the grid of 

V4B and inc:reasea tbe current in this tube. When the anode potential of V48 

is lowered enough to get 1)5 to conduct, the gain of the feedback .loop becomes · 

greater· than 1, aad tbe circuit la regenerative. Tube V4A ia then driven to cut-off, 

while V4B becomes highly conductive. The cathode follo~er, V6, supplies the 

current to V4B and maintains the cathode potential of V4A at a constant vaiu.e. The 

poaitlve halt wave of the resonant circuit is critically Ga.mped tb.rouah diode D7, 

wblcti ia required to 'offer last switching capabtlitles. The grid bias of tube V4A 

is stabilized by using the forward characteristic o£ silicon diodes D8 aod D9. The 

recovery speed of the circuit ia helped by the use of crystals with low forward. 

impedance. 

The positive output signal at the plate of V4B ia applied to a cathode 

follower (VSA, V5B), which provides a low output impedance (lZO ohms) and 

avoicls· any loadins eUect ol. external circuitry on the trigger. 

The waveforma at cliflerent points of the circuit are represented ill Fig. 2. 

l W. C. Davtdon an4 R.. 8. Frank, Rev. Sci. Inetr. 1!. 15 (1956). 
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PERFORMAN.CE 

Linearity of the Threshold 

The threshold llnearity in the useful range oil to 11 volts ls. bett~r th~- .. -' ·.·· 

l%for pubea longer th~ 5_0 nae-c(l)i:lr~~~Q~e:tl1 Witb ZS•nsec pulses the li~eari~ . 

is at least Z~ but the absolute value tnc,eues .by O.l.volt. With lO·neec 
. . 

rectangular pulaee, the error ill linearity ~s ZOfoat the lowest. value, clecreaeee 

continuously to.l%at 0~~ of the range. and remains lowei' than lfofor the rest. 

However the absolute value le increased by l.ZS volts. 

Resolution Time · 

The resolution time !or two· inpu.t pulses is cb.araco:terlmed 'by th.e curves 

of Fig. l. which gives the variation of the threshold for the second of two input 

pulaee versus the separation between tbeee ·iNJ.ses.. The test bas been mad~& in 

the two cases in which the amplitude oi th$·£izlilt pulse ex.ceeds the threshold. by 

0.1 volt and 1 volt. 

The circuit is capable o£ being triggered at ·a continuous rate aa high ae 
. . 

11 Mc/eec~ It reeponde to ptllses O.lf.lsec apart occurlng m 'burata having a duration 

of several f&&ec arut' a repetition r.ate of 100 cpe without threshold variations higher 

·than 100 mv. 

··Delay Time 

The clelay between corr~epondlng input and output pulses taken at SOo/o of 

the front edge varies by the amount by which the amplitude of the input signal 

exceeds the threshold, ae represented in Fig. 4. For example the delay time for 

a pulse exceeding the tbreahold. by Oo04 volt is 40 nsec. 



.~fi.:. 
' .··· . . 

Tht•.·allol~::$t~bili!y . 

·The thl'e.shQld atabtitty ha~ b•~n tee~d _ecm.tlnually tor 165 h~. After &D . 

.. . a~ilg p-ei'~Ocl of 35 h1' the ·drlf~ ~the avet-a~e·~~~~ ,oftbe threehol~ hu ·beealeae . 

· thaD ,a ~v per h.our. _while ~e. rapt<i ·variati.ons.at.~~ ... exceeded 2.5 .mv •. hzoiag 

. 'thl8 .. teat .the ~l~cUlt Wa~ ·auppllea ~th.l~rep~ted ~lament~ an4 anoU•8UpPly · .. 

·.voltages. 
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. LEGENDS 

Fla. 1. Cir~t for 10 Mc/lee·i'~ae ... a;mpUt!1de discl'iminator. 

:Fig. a. W·tl.vefo~m• ··f (a) .input, (I») plate of V4B. (c) grid of V4B, and (d) output. 

. · Horje~ntal callbratlon il!l lO asec/df.vis1on. 
' .· 

. . . 
,· .. ,Fig. s. l)ouble•pW.ae resolution curves showing tt\reshold. variation ·V'ID.. aopat'ation ... 

. . Bl)e~ween pulaea. 

I'll· ••. Delay time for va~ioue increments of input-pulse amplitude .above threabold. 
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NOTES: 
1. All CAPACITORS 500V CERAMIC .UNlESS NOTED 
2.All RESISTORS ~-WATT CARBON UNlESS NOTED. 
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Fig. 1. Circuit for 10 Me/ sec pulse-amplitude discriminator. 
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Fig. 2. Waveforms of (a) input, (b) plate of V4B, (c) grid 
of V4B, and (d) output. Horizontal calibration is 20 
nsec/division. 



w 
en 
-' 

-10- UCRL-8540 

~ +400~---------------------------------------------. 

Cl 
z 
0 
u 
w 
en 
a:: 
0 u. 
en 
z 
0 
I
<( 

a:: 
<(_ 

>> 
oE 
-'-
0 
I 
en 
w 
a:: 
I 
I-

1st 2nd 

€ L~--A--+-single-pulse 1.EJ ..._ ~threshold 

1, ...... ·~ 
;,.;·.fir) 

-·. r MU-16329 -, 
" 

. ' 

Fig. 3. Double-pulse resolution curves showing threshold 
variation vs. separation e between pulses. 
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INPUT- PULSE AMPLITUDE EXCEEDING 

THRESHOLD (VOLTS) 

Fig. 4. Delay time for various increments of input-pulse 
amplitude above threshold. 
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