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ABSTRACT

A germanium diode bridge fast coincidence circuit is described which gives a prompt. resolu-

tion time round about 2 X 10~ sec. with - and y-ray pulses in trans-stilbene crystals through
RCA 5819 photo-multipliers. Effect of phosphor decay time on the resolving time is discussed.

INTRODUCTION

We describe here a germanium diode fast coincidence circuit using only two
fast channels which do not necessitate pulse equalization, thus avoiding a source
of variable delay between the pulses. This circuit gives a resolving time ~ 2x10-%
sec. and is a modification of the circuit first introduced by Bay (1951). 1t is in
the form of a bridge arrangement containing two non-linear diode elements. A
single photo-multiplier pulse in one channel cancels itself and gives no output when
the bridge has been balanced. The cancelling action is upset when a pulse is
present simultaneously in the other channel, so that a finite output signal is obtained
for the coincidence events of the two input pulses. Although this circuit is quite
promising in principle, it has not found wide application so far on the apprehension
that it may be difficult to maintain the balance of the bridge consisting of the two,
non-linear elements over a wide range of the input pulse amplitudes. We have,
however, built up a similar circuit and studied its working with the ordinary range
of pulses from a RCA-5819 photo-multiplier tube and have concluded that the above
apprehension is largely unfounded. The circuit seems to work quite well for all
pulises above a limit once the balance has been obtained.

Fast Diope CorNcIDENCE CIRCUIT

The coincidence circuit is shown in Fig. 1. A and B are coaxial cables RG 7/U
of characteristic impedance 100 ohms and they serve to introduce desired delays
between the channels 4 and B. D; and D, are two Sylvania IN34A germanium
crystal diodes which have nearly identical characteristics.

The operation of the circuit is quite simple. When there is a negative pulse
at channel 4 and no pulse at channel B, the condensers ¢4, ¢';, and c¢,, ¢, are charged
equally due to the symmetry of the circuit; ¢, and ¢, being charged to equal positive
potentials while ¢’; and ¢’y to equal negative potentials. The opposite charges are
then fed to the measuring bridge shown enclosed in the dotted line in the diagram.
The two charges are added up in a resistor and amplified. By suitable adjustment of
the potentiometers R, and R, a balance can be obtained so that the two opposite
charges cancel each other and the circuit does not show any output. 'The circuit
apparently remains balanced for the pulse size distribution obtained from the photo-
multiplier. Next, when there is a negative pulse at B and no pulse at A4,
neither of the condensers will be charged because the diodes have opposite polarities
to the negative pulses of B. Thus we have again nothing in the output. Now,
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Fi1g. 1. Germanium diode fast coincidence circuit.

when there is a negative pulse in channel B and simultaneously a negative
pulse in channel 4 (coincidence), the charge on the condenser ¢’, will decrease and
so the balance previously set will be shifted. Hence we shall get a coincidence pulse
output.

The operation of the circuit has been described above for negative pulses, but
when positive pulses are to be used the diodes should be reversed.

REesoLvING TiME or THE CIRCUIT

Ordinarily the resolving time of a coincidence circuit depends, in addition to
the circuit property, on the duration of input pulses. We have, therefore, chosen
phosphors like trans.stilbene and anthracene for obtaining pulses with suitable beta
and gamma sources (e.g. Cs187, P32 and Co%). These sources have been chosen
owing to their high radiation energy, because the direct input pulse sizes should
be above a certain minimum, since they are directly fed into coincidence channels.
The scintillation-cum-photo-multiplier assembly is shown in Fig. 2. The pulses
are taken from the anode of the photo-multiplier tube through a RG 7/U coaxial
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F16. 2. Photo-multiplier assembly and block diagram of coincidence arrangement.
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cable grounded at the farther end by a 100 ohms resistor. As is clear from Fig, 2,
the pulse is branched at the upper end of the 100 ohms resistor by means of two
RG 7/U coaxial cables providing direct input pulses to the two channels of the
coincidence circuit. With a trans-stilbene crystal of small thickness and 1 inch
diameter, pulses of duration <1-3X10-° sec. were obtained, as this was found to
be the average resolving time of the circuit (from prompt resolution coincidence
curves with this crystal).

Prompt resolution curves for coincidences with the above circuit were obtained
by introducing RG 7/U delay cables of different lengths between 0 and 100 cm.

RESOLUTION TIME ~1:0 X 10~9 SEC,
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in the two channels and taking the output pulses through Atomie’s linear amplifiers
models 219 and 204 B and a fast scaler as indicated in the diagram. Measurements
were taken with five minutes’ run for each cable length and repeating the whole
series of measurements twice or thrice in each case to confirm the reproducibility
of results. Typical prompt resolution coincidence curves for trans-stilbene

REBOLUTION TIME ~ 1-3x 10-9 gsrc.
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F1e. 5. Prompt resolution curve for Co%® gamma rays (energies 1:33 and 1-17 Mev).
crystal are shown in Figs. 3, 4 and 5 obtained with Cs137, P32 and Co%0 sources respec-

tively. The final value for the resolving times obtained are shown in the table
below :—

Source Energy Resolving time in sec.
Csl87 0-5 Mev ~ 10X 10-°
pa2 CEYR
-7 Mev -9
. | (lﬁiga'ys)d ~ 16 X10
o i *17 an -9
. 1:33 Mev ~13X10
(y-rays)

EFFECT OF PHOSPHOR ON REsSOLVING TIME

It has been previously stated that the resolving time of a fast ceincidence
circuit is dependent upon the pulse period, i.e. upon the phosphor used to obtain
pulses, other things remaining the same. We extended our measurements (?f the
resolving time by using anthracene and NaI TI) in addition to the trans-stilbene

scintillator. i ) o
Resolving time ~ 2-3X10-9 sec. was obtained with anthracene which is nearly

double that obtained with the trans-stilbene crystal. The ideal resolving time
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expected assuming that there is no spread of the photo-multiplier pulses has been
approximately estimated for 90%, detection efficiency by Bell et al. (1952) for IP21
photo-multiplier pulses. In our case the resolving times obtained are consistent
with the expected ideal values for the 5819-tube on the same assumptions. The
prompt curve for NaI(TT) showed strong irregularity and asymmetry of coincidence
rate in one of the channels. Probably due to the much larger pulse period from the
NaI(TI) crystal than from trans-stilbene, we are not getting proper coincidences
with a circuit of much higher resolving time than the pulse period itself. More
work is necessary to elucidate the exact role of the phosphor pulse period on the
functioning of our coincidence circuit.

ACENOWLEDGEMENT
The authors are indebted to Professor D. 8. Kothari, F.N.I., Head of the Physics
Department, University of Delhi, for providing us full facilities for this work.

REFERENCES

Bay, Z. (1951). Rev. sci. Instrum., 22, 397.
Bell, R. E., Graham, R, L., and Petch, H. E. (1952). Canad. J. Phys., 30, 35.



