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ABSTRACT -

An essential point of pulsed neutron measurement of feherma 
neutron parameters for different materials is the registration 
of the thermal neutron die-away curve after a fast neutron burs 

been injected into the system.jtHwU^F—cansiteration, The papa; 
t iąn electronic instrumentation system which is succesfu: 

ly applied for pulsed neutron measurements. An important part o: 
the system is the control unit which has been designed and buir 
in the laboratory of Heutron Parameters of Materials. ,, t . ... 

STRESZCZENIE 

Rejestracja krzywej zaniku neutrondw termicznych po naś¬ 
wietleniu badanego systemu impulsem neutronów prędkich stanowi 
istotę impulsowych pomiarCw neutronowych raźnych materiałów. 
7/ pracy opisano system aparatury elektronicznej, kttfry z powo¬ 
dzeniem zastosowano do impulsowych pomiardw neutronowych. Istot¬ 
nym elementem systemu jest zaprojektowany i wykonany w Pracowni 
Neutronowych Parametrów Materiałów układ kontroli i sterowania 
pomiarem. 

PE3KME 
P8mcxpaiiHfl rcpKBoiii aaiyxaHHH renjioBHx aeJłrpoHOB nocse 

weHHH HccaeflOBaHHoa cacieMH HMnyjiŁcou ducrpax HeJirpoHOB 
CH cyrŁB flejia aMnyjiLCHtix aauepeaaa aeitrpoHaux napaueipoB pa3Jiiw-
HŁCC starepaajioB. B crarŁe oncicaaa cHcrewa aseKipoHHOfl annaparypu, 
Koropaa ycneiHO HcnonŁ3yerca B HunyaBCHux HeflipoHHux H3uepeHHax. 
BasHufl ajieueHi CBCT8MH aro annapar ynpaBaeHHH 3anpoeKrxapoBaHH6iń 
a c^ejiaHHHii B JIa<5opaxopaa He8rpoHHHX napaiterpoB MaiepHauiOB. 



1. INTRODUCTION 

An essential point of pulsed neutron measurements of ther¬ 
mal neutron parameters of different materials is the registration 
of the thermal neutron die-away curve after a fast neutron burst 
has been injected into the system considered (Czubek 1981). 

A fast neutron pulsed generator is used as the neutron 
source. The neutrons are slowed-down and thermalized in the sys¬ 
tem and the thermel neutron die-away curve is registered in a 
multichannel time analyser. An exact and correct registration of 
the die-away curve can be difficult because of disturbances which 
may occur during the measurement. There are two main sources of 
those disturbances: high voltage breakdowns in the accelerator 
and incorrect work of the ion source. The high voltage breakdown 
produces a train of false pulses in the long cables which trans¬ 
fer information pulses. Sometimes the H.V. breakdown causes a 
damage of the electronic equipment. A high neutron background 
and/or false neutron bursts as a consequence of incorrect work 
of the ion source. Fluctuation of average neutron flux, arising 
from incorrect work of the pulsed neutron source, affects the 
dead time and stability of the electronic equipment. The regis¬ 
tration of the die-away curve realized at the time when the dis¬ 
turbances occur, brings about wrong result: the curve is deform¬ 
ed. In Pig.1 one can see the deformed die-away curves and, for 
comparison, the correct ore. In order to attain the correct and 
exact registration of the die-away curve, a special electronic 
instrumentation system has been designed. 

The second important function of this system is to control 
the run of the whole measurement. A control unit, an important 
module of the system, checks all adjusted parameters of the 
measurement (e.g. the average intensity of pulses measured, 
their frequency and total number, etc.) and required conditions 
of the measurement (e.g. temperature). 

The present paper presents the realization of this system.-
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1.1. PULSED NEUTRON SOURCE 

14 MeV fast neutrons are produced by a linear accelerator 
in the %(d,n)*He reaction. The accelerator, constructed at 
the Institute of Huclear Physics, Cracow^during the years 1962 + 
1965, offers possibilities for deuteron beam acceleration by high 
tension adjustable up to 250 kV. The ion beam current is 50 + 
500 ;iA. Tritium targets 3H/Ti of activity 70 + 180 GBq ( 2 + 
5 Ci) are used. The neutron generator was adapted in 1973 to 
make pulsed work possible. The pulsed extraction voltage has 
been used in the high frequency ion source (47 MHz). The remnant 
ion current, which would cause a neutron background between 
bursts, is eliminated by electrostatic deflection of the beam 
before the acceleration. 

The most important parameters of the pulsed neutron gener¬ 
ator are 1 
- time of the neutron burstt 40 + 170^us, adjustable, 
- repetition time of the neutron burst* 0.3 + 99.9 os, adjustable, 
- maximum neutron flux during the neutron burst: 5*10° n/s 
within the total solid angle. 

1.2. INSTRUMENTATION SYSTEM 

A simplified diagram of the instrumentation system for 
pulsed neutron measurements is shown in Pig.2. This system con¬ 
sist of the following main unite: 
- pulsed neutron source, 
- neutron detectors, 
- chains of electronic devices for start, measured and monitor 
pulses (i.e. pulse formers, preamplifiers, amplifiers, dis¬ 
criminators, pulse shapers etc.), 

- multichannel time analyser for data accumulation, 
- control unit, 
- paper tape puncher. 
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The thermal neutron detector is a specially made bell* 
-shaped detector filled with Helium-3 of the pressure of 0.3 
(3 at). Its sensitive volume is 56 mm in diameter and 56 mm in 
length. The operating voltage for this detector (type NEM-360) 
is 2200 + 2400 V. This detector has been manufactured at the 
Institute of Nuclear Research at Świerk, Poland, and has been 
designed for measurements in spherical and cylindrical geometry. 
The monitor thermal neutron detector is the BF., long detector 
surrounded with paraffin. 

Below you will find the electronic instrumentation system 
described in detail. 

1.3. IDEA OP MEASUREMENT 

A brief explanation of the idea of the pulsed neutron meas¬ 
urement is given here. The timing diagram of the system opera¬ 
tion, shown in Pig.3., is very helpful for understanding. 

The start pulse for the multichannel time analyser is pro¬ 
duced after each neutron burst and starts the single run of the 
analyser. The several measured pulses are registered in the a-
nalyser. The channel number in which a given pulse is registered 
corresponds to the time between the start of the analyser run 
and the moment of the appearance of the measured pulse in the 
input. The procedure is repeated after each neutron burst until 
required counting statistics is reached. The start pulse can be 
delayed (adjustable). During the delay time fast neutrons are 
slowed down in the investigated system and higher order modes of 
the thermal neutron flux vanish. 

The measurement should be done in well known conditions. 
A constant average neutron flux, a proper counting statistics, 
a stable temperature etc. are required. The knowledge of the to¬ 
tal number of runs performed and the total number of measured 
pulses accumulated during a given die-away curve measurement 
is necessary for further calculations. In addition, real time 
of the measurement and monitor counts are registered. A control 
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unit interrupts the collection of data, if any disturbance in 

the work of the whole system occurs. 

A special electronic instrumentation system has been.devel¬ 

oped to meet these requirements.(cf. Pig.8). 

2. PULSED EXTRACTION VOLTAGE GENERATOR 

Pulsed extraction voltage generator produces high voltage 

pulses which are necessary for pulBed neutron work of the neu¬ 

tron generator. The amplitude of pulses is adjustable up to 

4 kV. The pulses are delivered to an extraction electrode of the 

H.P. ion source. The pulsed extraction voltage generator has two 

main units: a master oscillator and a H.V. pulse amplifier. 

2.1. MASTER OSCILLATOR 

The master oscillator produces a driving pulse for the H.V. 

pulse amplifier. In the master oscillator one can adjust the 

repetition time of neutron bursts and, independently, the time 

width of neutron burst. Schematic diagram of the master oscil¬ 

lator is shown in Pig.4 and a detailed one in Pig.AI. 

The master oscillator contains a 100 kHz oscillator, which 

generates clock pulses. The clock pulses are counted down by a 

programable counter from adjusted number down to zero. A borrow 

signal from the programable counter sets a pulse former. The 

pulse former produces a pulse with an adjusted width. An output 

amplifier provides the driving pulse for the H.V. amplifier. The 

whole procedure is repeated after an adjusted repetition tiaa. 

The amplitude of the dri7±ng pulae is adjustable from 60 V to 

120 V. The master oscillator employs TTL integrated circuits and 

silicon transistors, which provides short rise and fall times 

(of the order of 1 us) of the driving pu7.se. 
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2.2. HIGH VOLTAGE AMPLIFIER 

A H.V. amplifier, driven by the master oscillator, provides 

a pulsed extraction voltage for the ion source. The output pulse 

height can be from 2 kV up to 4 kV. A schematic diagram of 

the H.V. amplifier is shown in Pig.A2. The H.V. amplifier has 

been constructed according to a circuit scheme given by Philips 

(1960). The H.V. amplifier has two stagest inverting stage and 

a cathode follower. 

3. PULSE SHAPING 

In the instrumentation system one can distinguish three 

main chains of electronic devices for pulse shapings the meas¬ 

ured pulses chain, the start pulses chain and the monitor pulses 

chain. Each chain delivers right pulses to the multichannel time 

analyser and to the other electronic devices. Our main problem 

in a pulse transmission is how to eliminate the disturbing 

pulses. They can occur as a consequence of high voltage break¬ 

downs in the H.V. supply of the accelerator. They are eliminated 

by additional screens around long coaxial cables, by accurate 

grounding of'all electronic devices, and by additional pulse 

height discriminators, 

3.1. MEASURED PULSE SHAPING 

A schematic diagram of the chain of electronic devices for 

measured pulses is shown in Pig.5. The measured pulses, produced 

by the He detector are amplified in a preamplifier. It is a" 

modified, CAMAC type 1002 preamplifier, manufactured by POLON, 

and it operates as nonlinear preamplifier with short rise and 

fal] time of an output pulse. The measured pulses are amplified 

afterwards and formed in an active filter amplifier (CAMAC type. 

1101, manufactured by POLON) and then they are transmitted by a 
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coaxial cable to a discriminator (made at the Institute of 
Nuclear Physics). The output pulses from the discriminator are 
delivered parallel to the multichannel time analyser, to the 
control unit and to a ratemeter. The raterneter (CAMAC type 1301, 
manufactured by POLON) output gives a voltage level which cor¬ 
responds to the average count rate of pulses measured. This 
makes possible checking work of the neutron generator and of the 
chain of electronic devices for measured pulses . The H.V. supply 
of the detector is the ZWH - 41 H.V. power supply manufactured 
by POLON. 

3.2. START PULSE SHAPING 

A schematic diagram of chain of electronic devices for 
start pulses is shown in Fig.6. The pulsed current of deuterons 
produces in a start pulse former the voltage start pulses. A 
circuit diagram of the start pulee former is shown in Pig.A9. 
The passage of pulsed current through the resistor R1 produces 
the voltage start pulses. The start pulses are amplified in an 
active filter amplifier (CAMAC type 1101). Then they are trans¬ 
mitted by a coaxial cable to a buffer amplifier (CAMAC type 
1104, manufactured by POLON) followed by dicriminator (CAMAC 
type 1201, manufactured by POLON). An output pulse from the 
discriminator sets the delay unit. This unit contains two delay 
modules connected in a series (CAMAC type 1401, manufactured 
by POLON). An output pulse from the delay unit starts the ana¬ 
lyser run when the control unit allows it. In addition, an os¬ 
cilloscope is used for displaying the shape of the start pulse. 

3.3. MONITOR PULSE SHAPING 

The monitor pulses produced by the BP- detector sur¬ 
rounded with paraffin are necessary for proper operation of 
the neutron generator. A schematic diagram of the chain of 
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electronic devices for monitor pulses is shown in Pig.7. All 
electronic devices in this chain except ratemeter and the H.V. 
supply have been manufactured at the Institute of Nuclear JPhysics. 
The ratemeter (CAMAC type 1301) has been manufactured by POLON 
and the logarithmic ratemeter has been manufactured by ACEC, 
Prance. The H.V. supply is the ZWN-4 power supply manufactured 
by POLON. 

4. CONTROL UNIT 

4.1. FUNCTIONS 

The main purpose of the control unit operation is to deliv¬ 
er proper start pulses to the time analyser when the following 
conditions are fulfilledi 
- average intensity of measured pulses is contained in a given 

interval of intensity, 
- start pulses delivered by the start pulee former (cf. Pig.2) 
are correct in shape and frequency, which means that the ion 
source, the pulsed extraction voltage generator and the H.V. 
supply of the accelerator work correctly, 

- vacuum pumps work correctly and there is no trouble with their 
cooling system, 

- required constant temperature of the measured system is kept. 
Then the control unit, trough the start pulse starts the run of 
the multichannel time analyser. 

The control unit ends the whole measurement, if any of pro-
gramable counters produces a stop signal. The status display 
indicates the status of the data collection system: READY, ON, 
PAUSE or STOP. In addition, an interruption - the PAUSE or STOP 
status - starts an acoustic alarm. A red LED on the front plate 
of the control unit indicates the reason of the interruption. 
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4.2. STRUCTURE 

The structure of the control unit is given in Pig,8,. A con¬ 

trol logic ia the main module of the control unit. The sequence 

of control unit operation iB described in the next paragraph. 

Input modules like a window discriminator, a retriggerable uni-

vibrator, a programable counter unit and an emergency signali-

zation unit provide required signals to the control logic and to 

a pause time detector. 

The window discriminator accepts the voltage from the output 

of raterneter. The voltage corresponds to the average intensity 

of meeured pulses. If this voltage is outside of the given inter¬ 

val (i.e. the average intensity of the measured pulses is not 

proper or the chain of electronic devices for measured pulses is 

out of order) the window discriminator produces a pause signal. 

The control unit contains two window discriminators but only one 

is used. 

The retriggerable univibrator produces a pause signal if 

the time between the succeeding start pulses is longer than the 

assumed one, which means that the chain of electronic devices 

for start pulses is out of order or that a disturbance in the 

work of the neutron generator occurs. 

The programable counter unit contains three identical pro¬ 

gramable counters. Each counter counts down the given pulses 

from adjusted number to zero. A borrow signal (zero state) from 

any counter produces a STOP signal. A red LED indicates the 

counter which has caused the stop signal. All the counters are 

loaded with the adjustable numbers when the power supply switch 

is on or by manual reset. 

The emergency eignalization unit produces the stop signal 

if ̂ something goes wrong in the operation of the accelerator 

(e.g. the vacuum pumps is out of order or the vacuum pump cooling 

system is inefficient, etc.) or in the measurement conditions 

(e.g. the temperature of the measured system is not proper). 

This unit has six channels. The red LED indicates the channel 

which has produced the stop signal. 
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The pause time detector generates the STOP signal if the 
pause is longer than 15 s. 

The output module - the gate module - contains four AMD 
gates. They are opened only in the status ON. In addition, the 
gate module gives the gating level to the outer devices (cf. 
Pig.10). 

An acoustic signalization unit generates a continuous acous¬ 
tic alarm, if the control unit is in the PAUSE status, or an in¬ 
termittent one, if the control unit is in the STOP status. One 
can reset the acoustic alarm using a stop push-button switch. 

4.3. SEQUENCE OF OPERATION 

A flow-chart of the sequence of the control unit operation 
is given in Pig.9. 

After the power supply is switched on, the control unit is 
in the READY status. All programable counters have been loaded 
with adjusted numbers. All gates are closed and all flip-flops 
in the control logic and in the pause time detector are reset. 
The acoustic alarm is switched off. The READY status is indi¬ 
cated on the status display by white light. Now one can start 
the measurement using the start j push-button switch. The control 
unit enters into the ON status. All gates in the control unit 
are open. The start pulses pass through the gate and are fed to 
a start pulse input of the analyser. The measurement goes on. 
The multichannel time analyser stores the measured pulses ac¬ 
cepted in every run* It goes on if the conditions given in sec¬ 
tion 4.1 are fulfilled. 

If the pause signal appears, the control unit goes to the 
PAUSE status. Then all gates are closed and the continuous acous¬ 
tic alarm appears. The measurement is interrupted until the rea¬ 
son of interruption disappears. If the cause of the interruption 
disappears and the pause is shorter than 15 s, the control unit 
automatically returns to the ON status. The measurement is con¬ 
tinued. If the pause is longer than 15 s or if the stop signal 

21 



w 

MANUAL 
RESET READY 

MANUAL 
START 

ON 

MANUAL 
STOP 

STOP 

Fig.9. Sequence of control unit operation. 



appears*, the control unit goes to the STOP status. Then all the 

gates are closed and the intermittent accoustic alarm appears. 

The measurement is stopped. One can stop the measurement at eve¬ 

ry moment, of course, using the stop push-button switch. The 

control unit has no possibility to return automatically from the 

STOP status to the OK or PAUSE one. One can restart or reset the 

control unit using the proper push-button switch. The reason for 

the STOP status (the stop signal) must, of course, be eliminated. 

4.4. REALIZATION 

The realization of the control unit is shown in detail in 

the Appendix. All the modules of the control unit are shown in 

Pige A3 + A8. The control logic and the pauBe time detector is 

shown in Pig.A3. The window discriminators and the retriggerable 

univibrator are shown in Pig.A4. The programable counters unit 

is shown in Pig.A5 and the emergency aignalization unit in Pig. 

A6. The gate unit is shown i.i Pig.A7 and the acoustic alarm unit 

in Pig.AS. All the modules have been made in a TTL integrated 

circuits and silicon transistors technique. A positive logic has 

been used. 

The control unit consists of three CAMAC modules. A crate 

bus is used for the power supply only. A hysteresis of the win¬ 

dow discriminator protects the measurement run from low disturb¬ 

ances of the average intensity of the measured pulses. 

5. STRUCTURE AND CONTROL OP DATA COLLECTION SYSTEM 

The data collection system is shown in Pig.10. The eystem 

consists of a multichannel time analyser , a control unit, a paper 

tape puncher, counters and auxiliary electronic devices (ie. an 

oscillocsope and a clock pulse generator). The main purpose of 

the system is to register the thermal neutron die-away curve in 

the multichannel time analyser and to punch the registered data 

on a paper tape. The data are punched in the Fortran 1900 code. 
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The counters register and display the total number of 

pulses measured, the number of measured pulses which appear 

during the analyser runs, the number of analyser runs, the real 

time of measurement, the running time since the start of the 

measurement and number of monitor counts. During the measure¬ 

ment and also when it is over, the die-away curve can be observed 

on the oscilloscope screen.At the same time the control unit is 

continuously checking all measurement conditions and is steering 

the whole measurement run. 

The most important electronic device in the data collection 

system is the multichannel time analyser. The time analyser AC-

256 has been designed and manufactured at the Institute of 

Nuclear Physics. The TTL integrated circuits and silicon tran¬ 

sistors are used there. The main parameters of the analyser are 

the following: 

- memory capacity: 256 channels, 20 bits per channel, 

- memory acces timer 8^8, 

- channel width: 1, 2, 5, 10, 20, 40 or 80 us, 

- input pulses: positive, amplitude 3 + 10 V. 

- data output possibilities: 

1. paper tape puncher ET-105S, 

2. oscilloscope (Y-scale linear or logarithmic), 

3. X - Y recorder (Y-Bcale linear or logarithmic), 

4. the internal digital display? channel number and channel 

contents. 

The memory of the analyser can be divided into two parts with 

different channel widths. .The time analyser can delay the start 

of the analysis after the start pulse. This internal delay is 

adjustable from 0 up to 7*128 channel widths of the first 

part of the memory. The external delay of the start pulse ie 

also possible. The collection of data in the second part can be 

delayed after the end of the first part. This internal delay iB 

adjustable from 0 up to 7*128 channel widths of the second 

part of the memory. The analyser has two auxiliary outputs. The 

first one supplies the run number counter with one pulse per 

run. The measured pulses appear in the second output only during 



the analyser runs. 

The paper tape puncher is the DT-.055 type manufactured by 

Mera-Elzab, POLAED. 

The counters are the nine decade gated counters. A counter 

display, cne per one CAMAC crate, displays the contents of six 

most significant decades of the choossn counter. All the counters 

and the clock pulse generator {CAMAC type 710) used in the system 

have been made at the Institue of Nuclear Physics. Each counter 

is a single CAMAC module made in the TTL integrated circuits 

technique. 

The buffer amplifier is a CAMAC type 1104 produced by POLON. 

FINAL REMARKS 

The electronic instrumentation system for pulsed neutron 

measurements has been designed and assembled at the Laboratory 

of Neutron Materials Parameters. It was checked during numerous 

test measurements. Satisfactory results have been obtained in 

the elimination of the disturbances. The original reasons of the 

H.V. breakdowns and incorrect work of the ion source are: the 

electrostatic phenomena on the surface of accelerator elements 

and the air ionization connected with air hureidity and pollution 

of the air. One cannot eliminate those original reasons of dis¬ 

turbances in a simple way. The electronic instrumentation system 

described in the paper is a simple and convenient way to elim¬ 

inate the influence of disturbances in this case. Now our elec¬ 

tronic instrumentation system is successfully applied for pulsed 

neutron measurements of thermal neutron parameters of different 

materials (e.g. Plexiglass,brines and rocke), cf. Czubek et al. 

(1981), (1982). 
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APPENDIX: CIRCUIT DIAGRAMS 
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Fig.A6. Emergency signalizstion unit. 
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