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A com.mon procedu;;.;·e .fo2.· obtaining the tin'le-reeolution curve of a coin-

cidencG ci:rcuito or the am.piitude·thne relationship of a time-to-height con-

ve:~.·ter~ is to measute a nu..mber of points by using cables of different lengths 

and the11. to plot a snJ.oot.h curve through these points. Howeve:t.·. in o:·der to 

make Su:l·e that the t14 ue curve does not contain any h·regulari'l:ies or '.viggles 9 

the nt:··-:;::'.:nt of points to be n:J.easu:red may boco:ne so large as to :render this 

:rnethod a\ivkwardly time-consu..vning. A simple method which utilizes an elec· 

tronic delay cb:cuit for a continuous display of Sl.'..Ch characteristic cu:~.·ves is 

1 >~ • b ' t"t'l.... h ' . . .l . ' . b' ' , • "1.7 d 1 3 2 .1crc~oy descrl ea.. .J.l•lS n"let oa lS :Jll-:."ll a:r to tl'.:.at o.escr1 eo. oy ae v'> aar • 

HOW!3Vel·, instead of using a pulse pair generator, we cont:o:ol the time delay 

between an incoming pulse and an output pulse which it generates. The present 

· ch:cuit can therefo:~.·e be operated by .random pulses~ such 2.s those p~oduced by 

:radiation detectors. It is also capable of ope:~:ating at much higher repetition 

rates. 

Figu::.:e 1 J.s a block diagram oi a setup fo:;: displaying the :resolution c<J.rve 

of a coincidence circuit on the sc1·een of an oscilloscope. The delay provided by 

the delay circuit is a linear ft.mction o£ the modulation voltage. The sweeping 

volt.:1.ge does not have to be lineal· in. tirneD oincie both the delay and the horizontal 

· positiol:.1. of the bear.c1 on the sc:~.·zen: are linearly controlled by the san"l.e waveform. 

The oscilloscope can be replaced by an X-Y recol·der in conjunction with a slov; 

sweep gene:rc:.tor~ '!'he described a::rangen1.ent will also wo:t·k v1hen the two input 
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pulses originate from two raciiation detectors. It is obvious that the time con-

s·tant of the rate meter and the sw~eping ,speed oithe scope, or recorder, hav.e 

to be properly chosen. , 

Figure 2 shows a similar arrangement for testing a time-to-height con

'Verter. In this case; an··\ x:.y recorder is used. 

The cl1~cuit.diagrarn of .fu~ delay ~nit is shown in Fig. 3. A positive in-

put pulse, amplified by 01, will trigger TDl, i£ the pulse e>:ceeds the discrimina

tion level set by Pl (iO to 120. mV). Tunnel diode TDl operates the TD2 uni

vibrator circuit which produces a 70 nsec pulse which, via 02, saturates 03. 

Transistor 03 is therefore an electronic switch, which when closed applies 

app1·oximately 6.8 V across L3, thus starting through L3 a cu1•rent ramp \Vhich 

mainly passes through TD3 •. The moment of triggering TD3 linearly depends on 

its initial current, which is a linear function o£ the instantaneous value of the 

:modulation voltage applied through Sl. lri the quiescent state, or after trigger

ing, when the ~riving current through L3 drops below a certain level, TD3 

cannot be in its high voltage state -.because Q4 would saturate, force TD3 into 

the 'iow state ax'ld cut itself of.£ •. · The output o£ TD3 is differentiated and applied 

to Q6, which provides a positive output pulse which has. approximately, an.· 

amplitude o£ 150 mV 'when. feeding a 125 0 load,. a rise time of 2.'5 nscc, and a 

'' 
fall thne of 1 0 nsec. 

The minimum delay of the circuit is 30 nsec. Potentiometer P2 can be 

set £or a further delay of up to 10 nsec and an additional delay o£ up to 25 nsec 

·• 
is obtaineq with the modulation voltage. We scanned the.full variable delay 

range in steps of 1650 psec, and scanned the first 1650 psec (where circuit 

ri,nging:- could still be present) in steps of 165 psec. · We found no deviations 
I . 

. from linearity greater ·tha~ the experimental error of :t:l5 psec. Using pulses 

of 2.5 nsec: rise time at twice t;iggering level, we found the time jitter (FWHM)t 

,, ' 
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to be less t."lan 30 psec and the drift over a period ~£.several hours less. than 

:!: 25 psec. Using pulses of 1 nsec rise time ,of 1 V amplitude, the temperature 

coeffiCient in the range o£ 25° C to 35° C was measured to be 30 psec/° C. Using 

simila1· pulses ranging in amplitude from 1 to 8 V • a difference in delay of less 

than 80 psec was observed for pulses differing in amplitude by a factor of. two. 

Varying the - 18 V supply· from - 15 V to -21 V gave a change in delay of approx-
. ' ' . 

imate~y 170 psec/V.' The delay circuit operates at repetition rates of up to 
. 6 . 
3Xl0 pulses/sec. 

Figure 4 shows the resolution curve. of a coincidence circuit displayed on 

a scope. An external resistor was pu.t in series with the 42.4-~K resistor at the 

modulation input in order to expand the time scale, which ordinarily is 

2. 5 nsec/ em.· 

Figure 5 shows part of the response curve of a time-to-height converter, 

as traced by an X-Y :recorder •. Comparing the two curves, one can see that the 

w~ggles repeat along horizontal lines, namely they occur at certain pulse heights 

coming from the converter; i.e.,· at certain relative delays between "start" and 

"stop11 pu,lses. · Had these wiggles originated in our delay circuit, they should 

have appea1•ed at given delays of the 11 stop11 pulse irrespective of the time of 
. . 

arl·iva.l o£ the "start" pulse, namely they should have repeated along vei"tical 

' 
lines. Since no·irregularity in the cui"ve can be seen to be repeated along a 

vertical line, one may conclude that wiggles, . if any, occurring in the delay 

drcuit are negligible on a nsec. scale. 
1 . 

It should be mentioned that in an actual physical experiment, such as a 

· time-of-flight experiment, it is the derivative of the response curve of the 

converter that counts, ·so that even small wiggles may give rise to considerable 

peaks and valleys in .the results displayed by the pulse height analyzer used in 

· conjunction with the converter. 
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Finally we should like ·to mention that we have also experimented with 

nonlinear transmission lines, utilizing varactor diodes as the nonlinear element. 

'fhe delay of such lines can.l?e electrically controlled. 3• 4 These lines seemed 

· to be applicable to cases where s~a.ll thne variations had to be controlled. · They 

did not, however. seem appropria~e for the present purpose, mainly due to their 

nar;:ow variable delay ra~ge and to the nonlinear relation between the delay and 

the applied modulation voltage. 
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Figure Captions 

Fig. 1. Block diagram of arrangement for coincidence-curve tracing. 

Fig. 2. Block diagram of setup £or plotting the height-versus -time curve 

of a time-to-lieight converter.· 

Fig. 3 •. Circuit di~gram o:£ delay unit. All resistors are 1/4 W 5% 
. • ' \' : : I ' 

unless otherwise specified.·· 

Fig. 4. Re'solution curve of a coincidence circuit, tested with pulses · 

from a pulse generator, displayed on ·a scope. The time separation 

between the two: identic~l curves is l nsec. 

Fig. 5. Part of the response curve of a time-to-height converter plotted.· 

by an'\ X• Y record~r. The two identical curves were separated by 1' 
' r • • ' ' ' ' ' 

nsec from each other by changil'lg the. ~~start11 cable. 
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