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}Ef«f_oc&aohc Variable Delay
for Tracin g C’mnractc“'a“c Curves
of Coincidence Circuits

. E
and Time-To-Height Converters

1

Meir Birk, ! Quentin A, Kerns, and Thomas A, Nunamaker
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A comumon procedure for obtaini ng the time-regoluticn curve of a coin-
cidénce circuit, or the ampiiwde«thﬁe relationship of a time—w-‘height con-
verter, is (o measure a numbcr of points by using cables of different lengths
and then to plot a smooth curve through these points.  However, in o‘:'c?aer to
z;%al*e sure that the (vrue curve does aoct contain anyir-eguiaritieé or wiggles,
the nu~her oi points to be measured ma y become 56 large as to render t

..

method awkwardly time~consuming. A simple method wmcn atilizes an cle‘b-

traonic delay circuit for 2 conti nuous display of such characteristic curves is

. . 1,2

hereby described. “hw method is similay to that described by de Waard.

of using a pulse p'air generator, we control the time delay

How;avea:, instead Z
between an mcommg pulse and an output pulse which if generates. The present
eircuif can therefore be operated by random pulses, such as those produced by

radiation detectors. It is also capable of operating at much higher repetition

Figure l is a block dia agram of a sctup for displaying the resolution curve
of a coincidence circuit on the screen of an oscilloscope. " The delay provided by

he delay cizcuit is a linear function of the modulation voltage. The sweeping

s «

voltage does not have to be linear in time, since both the delay and the horizontal

‘position of the beam on the screen ave linearly controlled b by the same waveform.

ey b
E

he osciiloscope can be repla ccc by an #-Y recorder in conjunciion with a slcw
P Y - njun

(

sweep generator. The describ@d wwar’gemcnt will also work when the two mp

ot
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pul’sea originate from two radiation detectors. It is obvious that the time con-

 stant of the rate matar and tne sweepmg apeed of the scope, or recorder. have

to be properly chosen. |

Fxgure 2 shows a sxmxlar arrangement for testing a tlme-to-helgh* con-

verter. In this case, an L XY recorder is used.

, T_he_c‘:imcuit, diagram of the 'dellajunit is shown in Fig. 3. A positive in-

put pulse, afnpli_ﬁed By Ql, will trig’gér 'I‘;D‘l. if the pulse exceeds the disc‘rimina‘-

tion level set by Pl (20 to 120 mV). Tunnel diode TD1 operates the TD2 uni-

_vibrator circuit which produces a 70 nsec pulse which, via Q2, saturates Q3.

Transistor Q3 is therefore an electronic switch, which when closed applies

approximately 6.8 V across L3, thus éjtarting through L3 a current ramp which

mainly passes through TD3.1'; The moment of triggering TD3 linearly depends on -

ite initial current, which is a linear func;tion of the instantaneous value of the

" modulation vbliage aiaplied through Sl. In the Quigsc'eht state, or after trigger-

. ing, when the drivihg 4curi‘ent th:éou‘gh'L.’a drops below.a'certain level, TD3

cannot be in its high voltage sta.te because Q4. would saturate. force TD3 into

. the low state and cut itself off. Tha output of TD3 is differentiated and applied
to (6, which provides a positive output pulse which has, approzimately. an:’

- amplzcude of 150 mV when feeding.a 1250 load. a rise time of 2.5 nsec, and a

N

fall tifne of 10 nsec.

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

set for a further delay of up to 10 nsec and an add1t1onal delay of up to 25 nsec

is obta'fmed with the modulation voltage. We s‘canned the full variable delay

‘ range in steps of 1650 p'sec; and scanned the first 1650 psec (where circuit
. riﬁngings': could still be present) in.vsteps of 165 psec. We found no deviations

from linearity greater than the éxperim'e‘nta'l error of ivl' 5 jpsec. Using pulseé

of 2.5 nsec rise time at vt\bic‘e tz:iggering levél,‘ welfouhd the time jittez (FWHM)i

N
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to be loos tha.n 30 psec and the drift over a pemod of several hours less than

‘ -'-25 psec, Usmg palses of 1 nsec rise txme of IV amphtude. the. te"nperature
' coefficient in the range of 25° C to 350 ~C was measured to be 30 psec/°C. Usmg

' szrmlar pulses ranoing in amphtude from 1 to 8V, a dxfference in delay of less

than 80 poec was observed for pulses dszermg in amphtude by a factor of two,

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

xmatel_y 170 psec/ V_.‘ The delay circuit operates at repetxtmn rates of up to

3x10° pulses/sec.

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

" a scope. An ex’cernal resistor was put in series with the 42 4:2{ resistor at the

modulatlon input in order to expand the tzme scale. whxch ordma; 11y is

2.5 nsec/cm.

qure 5 shows part of the response curve of a time -to-hexgnt converter,
as traced by an X- Y recorder. : Comparmg the two curves, one can see that the
wuggles rcpeat along horxzonta.l lmes, namely they occur at certain pulse hemh‘cs
coming from the converter, i, e, .' at certain relatxve d.elays between "start" and

"stop" pulses. Had these w1gg1es orxgmated in our delay circuxt, they should

 have appeared at gwen delays of the "stop" pulee 1rrespect1ve of the time of

arrival of the "start" pulse, namely they should have repeated along vertxcal
lines., 'Since'nofirregularity ih the curve can be seen to be repeated along a
viertical line, one mayvconclﬁdo,fhat wig_glesv.‘.i,f any, occurring in the delay
cxrcmt axe Moghgﬂ)le on a nsec scale. |

.

it should be mennoned that in an a.ctual physical experzment. such as a

- txme-of -flight experxment, 1t is the derivatxve of the response curve of the

converter that cou‘nts, ‘so that even Small w1gg1es may give rise to considerable

peako and valleys in the results dxspla.yed by the pulse height analyzer used in

' con;unctxon wxﬁ:‘x the converter. . -
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" Finaliy wef .'shouldAliketo mention .thvat‘)we have also experimented with

: nenlinéa;r transmission lihé_é. ‘utilizing va’ractof diodes as the nonlinear element.
) xhc dela;f"of such lines canl ;x;»e eiectricaily 'conﬁ'rolled;' % These lines scemed
“to be applicable to cases whefé small time \‘ravria'tions h;—id to be controlled. " They
C did not, "however. ‘seem aépropriate for the present purpose, mainly due to their

" narrow vamable delay range and to the nonlinear relation between the delay and

\ , the applzed modulatxon voltage. . S

Footnotes and References -

> This work was done under the auspices of the U, S. Atomic Energy Commniission.
¥ On leave from the Weizmann Institute of Science, Rehovoth, Israel.

3 By FWHM is meant the width' at half max of the pulsé’ t‘ime‘distribution cuzrve,
1. H. de Waard, Rev. Sci, Instr. 20 (1949) 911,

’ 2 1 - H. de Waard aﬁd H, Beekhuis,‘fProcéedings of ihe 1961 Gatlix;burg
Conference 6ﬁ ElectromagneticwL‘ifetimes ‘and Propexfties of Nuclear
 States, Pﬁblication ‘974. National Abédemy of Séiences-National Research
Council, Washington, D.C., (1962)_71. |
RETEY Landauer. IBM Journal 4 (1960) 391. |
4 R. B. Riley, 1961 Internatlonal Solid -~ Sta.te CerUltS Confcrence.

.'Leww Wmner, New York 36 ‘N.Y., (1961) 10,
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Figure Captions

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

Fig. 2 Elock diagram of seéup for plottirig the h@igbt-versué-time curve

of a time~to glﬁ'e'ight' converter.
Fig. 3. . Circuit diégram of delay unit. All resistors are 1/4 W 5%
. . ‘\ V- B . L . . . . o L :

unless otherwise specified.’

Fig. 4. Resolution curve of a coincidence circuit, tested with pulses -

 from a...p‘u'lse génerétof, displayed on a scope.  The time aepara.tioh

~ between the two identical curves is 1 nsec.

i

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

by and X-Y recorder. The two identical curves were separated by I

néec from each o‘_.‘her' by chaziging_fh@'fstati"' cablne._'
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Fig. 4
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