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Introduction

The theory and operation of the multiple-crystal coincidence
gamma-ray energy spgctrometer. in use at the Bulk Shielding Facility
has been discussed prev:l.ous’iy,l In this report a description of the
electronic equipment used in c__onaﬁnction with this gamma-ray
spectrometer as of f'ebruaryii, 1955, is given,

The electronié equipment for this spectrometer “is rather
generally applicable to any multiple-crystal spectmﬁetér,» although
the current design has been pointed toward the measurement of the
pronpt fission gamma-ray spectﬁnn. This problem involves equipment
more complicated than does the conventional multiple-crystal spectrometer
because of the necessity of recording only those gamma rays which
accompany the fission process, This is accomplished by using a fission
chamber as the gamma-ray source and by demanding that the pulses from
the gamma-ray detector be in coincidence with the pulses from the
fission cham‘ber. |

As described ea.rlier,l the manner of operation of a multiple-crystal
gpectrometer depends upon the energy of the gamma rays to be studled,
For energies less than 2.3 Mev a Compton spectrometer yields reasonably-
unique results, l.e., a monoenergetic gemma~ray source leads ‘to a
single peak in the pulse height distribution derived from the apparatus,
In a Compton spectrometer, the photon energy is inferred from the

spectrum of electrons corresponding to photons Compton scattered into

1. PF. C. :Haienschein, "Multiple-Crystal Gemma-Ray Spectrometer,”
ORNL-1142 (April 1%, 1952?.
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angles greater than 90 deg. For energies above 1.6 Mev the pair-
production cross section in Nal becoﬂes appreciable and the equip-
ment may be used as a pair spectrometer. Here the photon energy
spectrum is derivable from the pulse height analysis of pulses
corresponding to those electron pairs which are in coincidence with
annihilation photons observed in crystals on both sides of the
crystal exposed to the incident gamma-ray flm;. Figure 1 shows a
typical arrangement of crystals and collimator for use as described
above.

The electronics problém is posed by the need to obtain that
spectrum in one crystal which is in coincidence with events in the
other crystals and in the fission chember. The desired pulse
height spectrum from the center crystal (A in Fig. 1) is currently
recorded with the aid of a kO-channel analyzer to be described
later in this report. This analyzer is gated "on" when a coincidence
is recorded with the proper auxiliary detectors (B, C). In order to
reduce the background problem, the coincidence system must be fairly
complex, including a provision for rough energy discrimination for
those photons detected in the B and C channels. Figure A-1 (Appendix A)
shows a block diagram of the entire array of electronics, including
all those individual components to be discussed in this report.

Most of the electronic equipment to be discussed was designed

at ORNL by one of the groups involved with nuclear instrumentation.




UNCLASSIFIED
ORNL-LR-DWG 7469

41/2 in

SHIELD

G

Fig.4. Arrangement of Nal Crystals (A ,B,and C) and Collimator of Gamma-Ray Spectrometer




Where the circuits have not been published previously, an attempt
will be made to give credit to the engineer primarily responsible

for the design.

Scintillation Detectors

Good results fram a multiple-crystal NaI(Tl) scintillation
spectrometer depend in the limit upon the performance of the
scimtillation crystals and photomultiplier tubes used. In general,
for this spectromeﬁerg the criterion was the width of the photopeak
from Cs137 as determined by displaying the spectrum on the multi-
channel pulse height analyzer. Consistently good results have been
attained by the use of commercially available mounted crystals* which
may readily be moved from one photomultiplier to another, The
criterion of resolution also favors the use of Dumont type 6292
phototubes. Considerable effort was expended in testing several of
these tubes in order to determine the optimum voltage on the
individual dynodes and the best over-all voltage. Figure A-2 shows
the bleeder for the phototube socket which was decided upon as a
result of these investigations. In general, total voltages from 700
to 1000 volts have been employed across the bleeder. For higher
voltages some tubes exhibit breakdown and after-pulsing, in addition
to nonlinear effects sometimes observed when the output current

becomes too large.

Harshaw Chemical Company, Cleveland, Ohio.




The tube and crystal combinations actually used for experimental
work have resolutions (full percemtage width at half maximum) for

08137 between 7.5 and 10%.

High-Voltage Power Supplies

Gain stablility of a scihtillation spectrometer depends heavily
upon the constanqy of the high-voltage supply for the photomultiplier
dynodes, since a given percentage drift in high voltage produces a
percentage drift in output pulse height several times as large. The
simaltaneous use of three photomultiplier tubes, together with some
current drain for continuous monitoring purposes, demands a supply
with an output of at least 5 ma.

A negative high-voltage supply has been designed* which will
furnish up to 10 ma at voltages up to 1950 volts, adjustable in
150-volt steps. Figure A-3 shows the circuit of th;s suppiy. of
those regulator tubes with adequate current-carrying qapdbilitiés,
the VR 75 was found to be the most stable. The supply has been found
to be quite satisfactory under conditions of constant load and constant
AC input voltage. During actual use fluctuations were‘less than 0.1%

after a 24-hr warmup period.

Four-Channel Test Pulse Generator

Figure A-4 shows the circuit schematic of a four-channel
precision test pulse generator which allows a shaped puise to be fed

similtaneously into the linear amplifiers or preamplifiers of the

Designed by B. C. Behr, ORNL Instrumentation and Controls Division.




various channels. The shape of the test pulse is made to match that
of an integrated Nal pulse in order to avoid inconsistencies caused
by variations in pulse shape. A generator of this type is necessary
for proper aligmnment of the coincidence circuit, measurement and
adjustment of time delays between the various signal channels, as
well as for proper testing of the stability and linearity of the

amplifiers and preamplifiers,

Prea@g}}fiers and égplifiers

Figures A-5a through A-5c¢ show the diagram of the preamplifiers
designed* to be placed within the spectrometer shield near the
photomultiplier tube. Space limitations imply a severe heat
dissipation problem, despite which the preamplifier operates in
a rather trouble-free manner with a gain drift of less than 0,5% per
24 hr. In addition, the preamplifier drives a long (500-ft) 90-ohm
coaxial cable without difficulty. The preamplifier is so designed
that pulses from the test pulse generator may be mixed with signal
pulses for test purposes.

All four of the signal channels used type Alﬁ** fedback

ke
linear amplifiers. Figure A-6 shows the circuit as modified to

¥

Designed by Hugh Wilson, ORNL Instrumentation and Controls Division.

%% , /
Modified version of Type Al amplifier described in MonP-323,
W. H. Jordan and P, R, Bell, "Instruction for Use of Al lifier
and Preamplifier" (April 1950). _ /

*H%
Modification by E. Falrstein, ORNL Chemistry Divisiono//




improve the linearity at high output voltages. During routine
operational checks linearity was within 0.5% for output pulses
up to 100 volts. The amplifier shown has a gain of about 2000, -
and routine gain stability checks indicate drift to be less than
0.5% per 24 hr.

Much of the data with a multiple-crystal spectrometer must be
taken with rather high counting rates in the individual channels,

80 the operation of the amplifiers under overload and fast counting
conditions is of greatest importance. The design of the presmplifier
allows some rather realistic tests of these overload and high count-
ing rate properties,

These tests were performed by mixing, in the preamplifier, signals
from the test pulse generator and the photomultiplier. A Cs137 source
was used in different positions to vary the counting rate, and the
high voltage was varied in order to change the degree of overload
of the pulses originating in the phototube. The 40-channel analyzer
was gated in coincidence with the pulses from the test pulse
generator, so that only the generator pulses were recorded upon the
multichannel analyzer. If the random pulses had no effect, a single
sharp line would be observed at the position where the test pulse‘
was set. Figure 2 shows the results of this study for the case vhere
the 05137 photopeak occurred at about 100 volts, curves being shown

for various total counting rates. Figure 3 shows similar curves
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for the case where the Cs137 photopeak would occur at %00 volts were
it not for overload of the amplifier., A notable difference in data
of this type is noted when a 0,0056-mfd coupling condenser (Clo) in
the second feedback loop of the amplifier is replaced* by & O.1-mfd
condenser, It must be noted that the multichannel analyzer was an
integral part of the above tests, therefore the results described
may be as much a representation of the behavior of the window
amplifier in thé analyzer as it is of the AlD amplifier. The improve-
ment of the characteristics brought about by the change in condenser
values noted above and the fact that the analyzer window amplifier
is in any case saturated for all pulses larger than that needed to
reach the highest channel of that particular analyzer imply that the
AlD is the limiting factor. The analyzer window amplifier, which is
forced to operate under overload conditions during normel operation,
is designed to better recover from overload pulses than is the

standard A1D or the slightly modified version used here,

Differential Pulse Height Analyzers

Signals from the fission chamber amplifier #nd from the B and C
scintillation crystals were fed into conventiona.’l2 single channel
analyzers which had been altered only by the addition of an output
pulse shaping circuit and by an increase to about 28 volts of the

maximum available window width.

2. J. E, Francis, Jr., P. R, Bell, and J, C. Gundlach, "Single-Channel
Analyzer," Rev, Sci. Instruments 22, No. 3, 133 (1951).

Suggested by G. G. Kelley, ORNL Physics Division.

*
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The pulse height analyzer which is used for analysis of the
coincidence spectrum consists of two standard3 20-channel differential
pulse height analyzers connected in such a way as to produce a %0 x 120
channel unit. As shown in Fig. A-l all signals are fed into both
analyzers on an equal basis., The system shown in Fig. A-T7 was used
to allow a natural adjustment of the two analyzers to the same pulse
height scale. This circuit replaces the biasing arrangement originally
built into each of the analyzers. By the use of the "E” dials =a
spectrum of 120 channels may be measured in threé successive runs.

In order that runs may be conveniently and accurately timed,

a system of automatic timers are incorporated as shown in Fig. A-8,

Coincidence Circuit

As can be seen from Fig. A-l, the coincidence circuit 1is
divided into two sections, which are distihguished by their resolving
times. In addition to these, the eventual addition of a "fast”
coincidence circuit is contemplated, In the present arrangement, the
intermediate speed coincidence circuit establishes the confluence in
time of pulses from the various signal channels, while the slow unit
in conjunction with the single channel analyzers eliminates those

coincidences which correspond to pulses of the wrong size.

3. This analyzer was designed by G. G. Kelley and P. R. Bell of the
ORNL Physies Division and is described by A. B, Van Rennes,
"Pulse-Amplitude Analysis in Nuclear Research, Part IV,"

Nucleonics 10, No. 10, 50 (1952).
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Figure A-9 shows the intermediate speed coincidence circuié“
designed* s0 that any combination of from one to five inputs from
the PHS circuits of the A1D amplifiers will produce an output pulse
if the separate pulses arrive within a specified time interval.

The operation of the entire circuit is as follows if it is desired

to use channels A, B, and C in a coincidence run. The intermediate

coincidence circuit will question whether or not the pulses from

these channels occur sufficiently close together in time. If they do

this circuit will send a pulse into the slow coincidence éircuit shown
|

in Fig. A-10. The slow coincidence circuit mixes the output of the

intermediate circuit with the outputé of the single-channel pulse

height analyzers to form a gating pulse which turns on the multichannel

analyzer when a proper coincidence has been established.

Figure 4 illustrates the operation of the coincidence circuit for
the case wherg only a double coincidence is sought. The lower
oscillograph trace-of each couplet reprgsents superimposed traces as
observed at the plates of the LO4A vacuum tubes on the two channels
involved. These square pulses have a total length of about 100 musec .
The upper pulse of each couplet is the output pulse from the slow
coincidence circuit for the same experimental conditions but for a

different oscilloscope sweep speed. A comparison of the two sets of

traces serves to illustrate the maximum region of uncertainty in time

Designed by D. D. Walker, ORNL Instrumentation and Controls
Division.
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between a registered coincidence and a lack thereof. In the lower
set the two iOO-quec gates are sbout 4 mPsec closer together than
in the top ﬁhotograph° In the former case there are no coincidences
registered, while in the latter all test pulses form coincidences,

Since the PHS circuit of the AlD is triggered by the output
pulse of the amplifier, there is a time variation of the output of
the PHS circuit relative to the occurrence of the event in the
crystal which is a function of the height of the amplified pulse,
Thé magnitude of this variatiaon, dependent upon the rise time of
the amplifier and the signal feeding it, is about O.h.rsec. The
difficulty is minimized by setting the PHS discriminator at a pulse
height considerably lower than the lowest pulse height to be accepted
in the corresponding differential pulse height analyzer. Considerable
attention must be given to this problem because the length of the
intermediate circuit gates used varies from 0,05 to 0.2 }.lsec y in all

cases less than the total possible walk of the PHS pulse.

Automatic Counting Rate Recording Instrumggt
The normal operation of the coincidence spectrometer requires
continuous runs of as long as 30 hr, often including lohg unattended
periods. It has therefore seemed imperative that a system be devised
for recording the counting rates being measured in the various signal
channels, The assumption is made that many possible equipment drifts

may so be detected,
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A device has been designed* (see Fig. A-11) which seéuentially
ingpects the counting rates in six different channels, normally the
outputs of the A1D PHS circuits and the single-channel analyzers.
This instrument, in combination with an associated linear count-rate
meter (see Fig. A-12) and a Brown recorder, provides successive
2-min intervals for each chamnel., The utilization of the 2 min is
as follows:

l. The instrument inspects a given input for 40 sec, drawing

a line on the recorder chart, the position of which
indicates a particular input. Simultaneously the range
of the linear count-rate meter is adjusted by a stepping
switch until the counting rate may be accurately resad.

2. During the second 40-sec interval a line is drawn whose
vosition indicates what range of the count rate meter is
being used.

3. The last 40 sec is expended in the actual recording of the
output of the count rate meter.

The above sequence is repeated for each of the six inputs, after
which the whole process begins over again. The set of five ranges
usually used covers the interval between 500 cps full scale and
50,000 cps full scale. This device has -succeeded several times in

locating the occurrence of intermittent operating difficulties.

*
Designed by F. M. Glass, ORNL Instrumentation and Controls

Division.
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Conclusions and Acknowledgements

In conclusion it should be noted that despite its inherent
complications, it is frequently possible to operate the spectrometer
continuously over long periods except for a maintenance period of sbout
3 hr per day devoted largely to routine checks of energy calibration,
zero positions on pulse height analyzers, and other aligmment problems.

This work, along with that constantly made to imprové the
electronic equipment and to adapt it for new tasks, would be difficult
without the help of instrument mechanics. The efforts of R. D. Smiddie
and G. G. Sout, ORNL Instrument Department, have been directed largely

toward this work for the past year.




Appendix A

Circuit Diagranis of Spectrometer Components

This appendix consists of a group of diagrams of the components

of the multiple-crystal gamma-ray spectrometer.

Fig.
Fig.
Fig.
Fig.
‘Fig.
Figa
Fig.
Fig.
Fig.
Fig.
Fig.
Fig,

Fig.

Fig.

.'A_'lo

A-2,
A-3.
A=k,
A-5a,
A-5b,
A-5c.,
A-6,
A-T.
A-8,
A-9,
A-10,
A-11,

A"12o

Block Diagram of Fission Gamma-Ray'Spgctrometer Electronics.
Bleeder Resistors and Tube Pin Connections.
High-Voltage Supply Cireuit.

h-Channel‘Precision Pulser Circuit.

Preamplifier for the Photomultiplier.

Preamplifier Power Supply Circuit.

Preamplifier for the Eissicn Chamber.

Linear Amplifier with Delay Line Differentiation.
Circuit Used to Tie Two 20-Channel Analyzers Together.
20-Channel Analyzer Timer Circuit.

Multicoincidence Analyzer Intermediate Unit Circuit,
Multicoincidence Analyzer Slow Unit Circuit.

Automatic Data Taker Circuit.

Linear Count Rate Meter Circuit,
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