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INSTRUMENTATION FOR A FAST NEUTRON TIME OF FLIGHT SPECTRDMETER;’

6.6.HOYES, T.VILAITHONG, N.CHIRAPATFIMOL.
Department of Fhysics, Chiang Mai University, Thailand.

& syetem of fast electronic NIM modules for a neutron
time—of—flight (TOF) spectrometer has been developed. The
required specifications of the modules are discussed. Practical
problems met during construction and some test results of the
modules are presented. The system is being used routinely in the
measurement of fast neutron spectra using the time-of-flight
technigque. The feasability of building our own system of fast
electronics for a fast neutron spectrometer is thus demonstrated.

* -
This work was supported in part by the National Research Council.




1. Introduction.

Our objective in this work was to build a neutron
time-of—flight (TOF) spectrometer of comparable resolution to
those possessed by other laboratories for use in the new Neutron
FPhysics Laboratory to be established in 1983, and so to acquire
the facilities to do high resclution TOF measurements. Our aim
therefore was not to improve on the performance of existing
spectrometers but to produce a state—of-the-art TOF spectrometer
as soon as possible with limited funds. Because of the limited
funds it became obvious that we would have to build most of the
necessary electronic modules which we did not already possess and
purchase only those items which we could not produce i.e.
scintillators, photomultiplier tubes etc. Included amongst the
modules we have built ourselves are a dual constant fraction
discriminator (CFD), a fast linear gate and stretcher (LBS), a
linear fan out (LF0), a pulse shape discriminator (PSD) and tube
bases.

1.1 Principle.

The kinetic energy of @& fast neutron is usually measured by
means of the time-of-flight technigue in which the time, tn it
takes a neutron to travel a fixed distance, 1 is measured. The
time~of-flight is related to energy En by the equation

2

1 -1/2
En:EO (1-4c2) -1 ..--..----1)

where Eo is the rest mass of the neutron and c© the speed of
light. Thus En is related to the flight time per meter tn/l as
shown in table 1. (1)

En (MeV) tn/l(ns/m)
1 72.35%
S C32.461
10 23.044
100 7.795

Table 1. tn/l for various energies.

In our spectrometer we use a flight path of the order of two
meters and our sources are a 14MeV neutron generator and a Am—Be
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Fig.1. Basic time-of-flight spectrometer.
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source with peaks at 3.2 and 4.8 MeV.

Fig.l. shows a basic TOF electronic circuit using the
associated gamma ray technigue. The gamma ray associated with the
emission of & neutron is detected by D1. The linear anode signal
from D1 is fed to a discriminator which produces a precise timing
signal at the start of the flight time. This signal starts the
time to amplitude converter (TAC). When the neutron arrives at
detector D2 a similar signal is developed representing the end of
the flight time and this stops the TAC. Thus the amplitude of the
TAC output ie linearly proportional to the time~of~flight of the
neutron. Feeding the TAC output to an MCA will produce a spectrum
representing the energy distribution of neutrons emitted by the
source.

1.8 . Uncorrelated signals and random coincidence.

The main problem with this simple circuit is that of )

" uncorrelated signals which increase the dead time of the TAC.
Uncorrelated signals from the source as well as scattered and
background radiation can be reduced by using a fast coincidence
circuit to gate the TAC. But random coincidence can still occur
within the resolving time of the coincidence circuit,
particularly due to the high gamma radiation usually associated
with neutron sources falling on detector D2. This problem is
solved by the inclusion of a neutron—gamma pulse shape
discriminator in the D2 branch to reject gamma pulses. These
additions are shown in the complete neutron t.o.f. circuit in
fig.2.

2. Neutron TOF spectrometer.

The most important parameter in the electronic svstem is the
time resolution. The state—of-the-art at present in such systems
is typically less than 1ins and this is what we aim for. Fast
scintillators and tubes were used for this purpose. The bases,
CFD, LFO, and PSD, were built by curselves as was the LBS shown
later.

2.1 Tube bases.

The tube base circuit was based on that of the Ortec 265 which
was designed for use with the RCA 8375 PMT for use in fast timing
applications, whilst retaining good energy resolution.

Fig.3. shows the base circuit. The facst anode output is used
for timing. The risetime of the signal should be as short as
possible, typically about 3ns depending on the FPMT and
scintillator characteristics. We found that at high count rates
{>about 30 KHz) and high current pulse amplitudes (about 0.5A)




H.V.

BASE ‘V‘ ‘

CFD

LFO

CFD

FAST I psp

D »  coincIDENCE [V D

J L

GATE

Fig. 2

Er—— :
0 START TAGC sToe D
2
DELAY
Y

MCA

BATE e

Complete neutron t.o.f, spectrometer : LFO-linear fan out, CFD=constant

=

fraction discriminator, PSD-pulse shape discriminator, TAC-time to

amplitude converter, D-delay, MCA-multichannel analyser.




*3fnoay) eseg aqny ‘¢S4

AT
o ==
1€ )}
M o’ AL 340"
AL u_.:.ow. 10- 0. H\ M—w Mb/E
1€ i : 001
: N,.Q,xmm\ mﬁ»x:«.\.—.&m e
. Rcﬂl u—l E]
Mzn My men menlmen [mern [men Mw,\.wv |_Jarho xonwm.
< . weg  Mozi ws2 NMSE | wss | wse | wer | wer x%o._ xznx %ow X %;cwm
HAMWWYWAT YW AVW— T WATMWAAMANVAT A WAMWAANAN——T
Mo Av 4
Mpie MZILL ML MZIL Men Weeg . 0z
Wi wse|l wr wsez W —]
AW~V VWA~ VWA Mme/i
Ay k-8.+ hv 413
S 1 : My}
b oo«W avig
M A B.., H anzs P
.F , (dN)%l
¥4 L . 1S
1 (ot () (s \L €
300HIVO m\,J , \y D\vﬂ\y\y\m/\wy\mj (&)
2 , ” 1 L
::.wt.cznv N/yL1-OM

JQONAQ AN

H3idNdWvaud Ol JAONY




extra stabilizing capatitors were needed on the last four dynodes
as shown. The S1.1 ohm resistor at the anode, as well as back
terminating the output coaxial cable, which may be guite long,

alsoc halves the ocutput voltage amplitude so that the signal
height is compatable with the CFD input (Sv).

2.2 Constant fractiom discriminator.

Probably the most important umit of the spectrometer as far as 3
time resolution is concerned is the time pick off or
discriminator. This is the unit which must generate a precise
timing signal at its output as independent as possible of the
amplitude of the linear input signal $rom the PMT anode. This is
known as the time walk of the pick off and should be a minimum.
Time jitter is a variation in- the timing of the output signal due -

to noise on the input waveshape. These two effects are
illustrated in fig.4a and 4b.
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Fig.4. Showing the effect of time walk (&) and jitter (b) on the output of

the discriminator.




Time jitter ic minimised by setting the discriminator
threshold to give an output at the time of maximum slope of the
leading edge of the input signal. This has been shown by many
warkers (2,3) to occur at 10-30% of maximum pulse height for most
tast scintillators.

Time walk is minimised by keeping the discriminator level at
this optimum fraction of pulse height, independent of the
absolute height of the input anode signal. These two concepts are
combined in the constant fraction of pulse height trigger CFFT or
constant fraction discriminator CFD as it is more well known
(2,3). The CFD gives superior timing performance to the other
types of time pick offs (e.g. leading edge, and zero cross)
particularly when & large dynamic range of input signals is
required. For a total system timing performance of less than one
nanosecond, the individual contribution of any one unit must be
much less than this. Typical walk values for a CFD are less than
200ps for a 100:1 dynamic range of input signals.

Fig.5a shows the block diagram of our CFD, based on a design
by Pouthas and Engrand (4). The constant fraction of pulse height
for the discriminator is set by the input resistors at R1/(R1+R2)
=17.5%., although this value is not critical. The principle of how
the CFD works is shown in fig.Sb. The input signal (A). is delayed
and inverted (B) and added to & +tised fraction (L) of the input
signal to produce a bipolar pulse (B+C) with a zero cross at the
time of the input reaching 17.5% of maximum amplitude. The zero
cross is detected by comparator 1 and causes the D filp flop to
give an output (D) for 8ns, provided that the D input has
previously beern armed by comparator 2 which acts as a pulse
height discriminator. Dur circuit has both positive and negative
NIM outputs as well as input diode protection of the comparators.
The threshold setting is variable from zero to four volts but
this range can easily be changed. The threshold potentiometer has
a ten turn dial to enable calibration of the discriminator in
terms of energy of the input pulse, using the fast linear gate
and stretcher described later.

Two of these circuits were built into one standard width NIM
module, the delay and invert cable being connected externally to
allow for optimum choice of delay to suit the detector used. Due
to the high switching speed of the ECL circuits used, one side of
a double sided printed circuit board was used as a ground plane
and a compact design layout of components was used to minimise
unwanted reflections and delays respectively. See appendix 1 for
the complete circuit used.

It was not possible to measure the absolute value of walk
introduced by each of the CFD"s due to the lack of high speed
test instrumentation and only the total system time resolution
could be used to indicate their correct operation.
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2.3 Linear fan out.

The linear fan out module (5) comprises an emit
feeding two more emitter followers to produce two
and one direct output. This circuit uses high spee
to obtain the wide bandwidth necessary for undisto
reproduction of the fast anode input signal. We bu
circuits into one single width NIM module.

2.4 Pﬁlse éhape discriminator.

The pulse shape discriminator circuit (PSD) di
between neutrons and gamma pulses received by D2
remove such true ceoincidences as may occur when a
received by D1 and a gamma ray is received by D2.
needed to eliminate accidental coincidences from g

ter +ollower
active ocutputs
d transistors
rted

ilt two such

inguishes
d is needed to
neutron is
It is also
amma background

radiation incidemt on DZ.
The PSD must be able to distinguish between th

different

éhapes of pulses due toc neutrons and gamma rays incident on the

NE213 scintillator. It must be able to utilize th
linear anode pulse rather than the slower dynode
the dead time of the spectrometer is not made too
of the fast rise time of the anode signal (3ns), N
circuit technigues, i.e. ground planes, terminatec
lines, adeguate decoupling etc., must be used. Fon
purpose use both fast negative and slow positive 1
would be desirable.

The PSD circuit used is shown in block diagram
and can be conveniently divided into two parts: th
shaping preamplifier which distinguishes between r
gamma pulse shapes, and the ECL logic circuit whid
logic outputs for neutron, gamma, and neutron DR ¢
The preamplifier is based on a design by Speer et
incorporates modifications proposed by Biakowski
Szezepankowski (7).The ECL circuitry has been red
use more recent types of ECL IC"s. All the gates
type (NOR) for convenience of building, testing a
ordering. In addition all of our logic outputs ar
coincidence. The complete diagram of the PSD is s
2. For more details and information on constructi

Fig. 7 shows some test results on the preampli
the PSD using the test circuit of fig. 8. These s
separation between the neutron and gamma events,
peaks (scale:0.Sns/channel). See ref.8) for a mor
treatment of the test data.

)

fast negative
ignal so that
high. Because
igh speed
transmission
general

ogic outputs

$orm in fig.6
e linear pulse
eutron and
h provides
amma signals.
al. (&) and
nd
signed by us to
re the same
d component
in prompt time
own in appendisx
n see ref. 8.
ier section of
ow a clear
2ins between
complete




O

‘weiBeyp yooyq iojeuyuwpiosyp adeys. asyng ‘9°2Bf4

141
et |
123

INdi1No 1831 Q

aJ¥l
by
103

31001

1231vas

ﬂ

DNISSQHD
0ouaz

ud

Hoowo
JON3IUIIIY

INIL

r.!%

ai4d
wouy

7\

HIININY Fllkf&...\f!

apoue
wouy



"
4
X10 j
~——
2.0 ] . ’x -
* o
Ame=Be
.
. BIAS =700 Kev (proton)
i-s bemasavions . amma—y
- °*
.
n
’ cmm—
L)
‘.04_ . ......c .
[ L4
o s
. d .
. N .
. '.
0’54— L4 . eo—
z . :
z *
= . .
Q e . ® .
‘. . .,
= ) . . .
I ‘0 l e - l ‘ e,
& 1] [ S oq *
2 | l ] —
= . pe—
s 2.0
s | ]
© . ‘s Am- Be
. ’ BIAS = 1MeV (proton)
¢ ———
1.5 f—
L]
.
* ety
10 fumusnme * -
n
‘... "'..
. ‘. M
. LR
L] *
. : )
0.5 hosem * °. amsiad
. . ..'
. .. .'
0 "' .°~.J . .’ ‘. .1‘
100 120 140 160 180 200
CHANNEL ~ NUMBER
Fig.7. P.S.D. test:neutron-gamma separation using an AmBe

ource (0.5ns/channel’




NE-213

ANODE |
PMT S

PMB

CFD

PREAMP CFD

PRE
AMP
3 . ZCD
1l
: LCD D
p
TAC )
S2 S1 ¥
TAC "

MCA

Fig.8. P.S.D. test circuit with waveshapes.




13

| A

-
-t

Fast linear gate and stretcher.

As mentioned earlier the CFD was energy calibrat
linear gate and stretcher circuit (LBS). The calibr
is shown in fig. 9. The threshold control on the CF
select the minimum energy level gated by the LBS. T
shows peake from known energy sources the threshold
be calibrated by adjusting the threshold level to c
each of these peaks on the MCA display.

The block diagram of the LBS is shown in fig. 10

ed using a
ation circuit
D was used to
hus i+ the MCA
control can
cincide with

A detailed

circuit is given in appendix I.This circuit was bas
by Baldwin (9) the trigger select and gate control

" slightly modifi
(MC10102). The discrete inverting output operatiocna

the original design was replaced with an integrated

after experiencing thermal drift problems with the

design. -

The LBS allows for a fast linear ancde signal to
fast NIM logic pulse (A, By, or A OR B) and then str
inverted so that the output is compatable with most
of MCA s,

, The fast
consists of
signal +from

linear gate and stretcher as the name i
two main circuits:- a fast gate for gat
the photomultiplier tube, and a stretch
output from the gate wide enough to be accepted by

‘The gate circuit is composed of the input amplif
- trigger selector, and the gate control circuits. Wh
mode switch is in the o
onto the stretcher circ
allowed to pass.
pulses which have an associated trigger input pul se
passed. Either the A or the E or both trigger input
to control the gate by means of the trigger select
circuit. The trigger inputs are typically derived f
logic outputs of fast driscriminators, such as CFD®
same linear input as the LBS. The trigger inputs ar
narrow to gate the linear signal directly and must
This is the function of the gate control circuit wh
one variable width output pulse for each trigger pu
linear input signal must lie within the time durati
control signal and the gate width monitor is provid
the timing of the two so that the correct amount of
inserted in the linear input line and the gate widt
adjusted. A portion of the gate control output is a
to the input as a gate precharge to assist the gate
just as the linear input signal arrives. This is pa
important for linear operation with small signals.

- The stretcher circuit,
conventional design. In the etretcher the charge of
converted to a voltage by means of an integrating ¢
buffer ie included to prevent subsequent circuits 1
capacitor. The one microsecond delay line is includ

wuit. In the closed position

convenience as it is often necessary to delay the ou

ed to use all the same type of ECL N

pen position &l11 input pulse

delay and output amplifier

d on a design
Eircuits being
R gates
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circuit stage
discrete
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output amplifier pro&ides a means of adjusting the output
amplitude via the gain control, and inverts the signal to give &
pasitive polarity compatable with the MCA input.

2.6 Time resolution.

The final spectrometer circuit of fig.2 uses the modules
constructed. The fast coincidence is an Drtec 4144, the TAC is a
Canberra 2044, and the MCA used is an DOrtec 6220. Fig. 11 shows .
the intrinsic time resolution of the complete spectrometer as
displayed on the MCA screen. It can be seen that for a system
composed of two 2in x 2in scintillators we have achieved a time -
resolution at FWHM of 0.78ns, well within the target of less than
ins. '

3. Problems encountered during construction.

The acguisition of components for building some of these
modules presented some problems. Due to the high speed of the
modules, integrated circuits, transistors, etc. having a wide
bandwidth were required, often of the type which are not common
even in thier countries of origin, and are relatively expensive.
Addresses of suppliers and assistance in finding such components
can be given on reguest.

It should be mentioned here that the expenditure on
instrumentation in this project was cut drastically by
undertaking construction ourselves, particularly for the simpler
circuite such as tube bases where the savings approached BOZ of
the commercial cost.

All the modules described were contained in single width NIM
modules of our own make. The NIM bins and MCA were all contained
in 2 19" rack. Drawings for the NIM modules and rack as well as
for the PCEB layouts and circuits themselves are all available on
reguest.

4. Concluesion.

I+t can be seen then that even with the inconveniences of being
distant from the major suppliers of fast electronic components
and instrumentation it is possible to build a neutron
time—of~flight spectrometer of high resolution. Furthermore
undertaking the development of our own instrumentation enables us
to gain the necessary experience to become independent of outside
service calls or return to manufacturer repairs with all the .
associated coste and delays.
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Appendi.

1. Constant fraction discriminator circuit.
Fulse shape discriminator preamplifier and logic circuit.

Fast linear gate and stretcher circuit.
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