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Abstract: A compact electronic system with low power consumption was designed and constructed for
Bonner sphere spectrometers in order to facilitate measurements at isolated places of limited access
and to reduce the sensitivity to environmental parasitic influences.

1. Introduction

A Bonner sphere spectrometer (BSS)1 is a robust instrument which is used under a large variety of en-
vironmental conditions as regards the ambient temperature, electromagnetic and/or acoustic noise, a
wide range of count rates (10"3 s"1 to 104 s"1) and poor-quality (noisy) power supply. The electronics as-
sociated with the BSS, which extends from a high-voltage supply unit and a charge-sensitive preampli-
fier to a multichannel analyser (MCA), must ensure the stability and reliability necessary for operation
under these adverse environmental conditions. Low power consumption of battery-powered electronics
is to facilitate measurements at isolated places or in regions of limited access.

Within the framework of a German-Romanian technical cooperation project supported by the Federal
Ministry for Education and Research (BMBF) of Germany, an analogue processor (AP) was developed
for use with a BSS whose central detector is a 3He-filled proportional counter.

In the following sections, we give a brief description of the AP, its features and technical specifications
which have resulted from measurements made with the prototype instrument.

2. The detector signals

A 3He-filled spherical proportional counter of type SP9 (Centronic Ltd, UK), 32 mm in diameter, is
used for the detection of neutrons. The reaction 3He(n,p)T is the main interaction process of the ther-
mal neutrons with the 3He nuclei. This reaction has a large cross section (5155 barn compared with
5331 barn for the total cross section of 3He at 0.0253 eV neutron energy) which strongly decreases
(7/£°'5 law) with increasing energy. The positive disintegration energy Q = 764 keV is shared between
the resulting proton (75%) and triton (25%). A typical pulse-height (PH) spectrum (PHS) furnished by
an SP9 counter is shown in Fig. 1.

In most cases, both charged particles, i.e. proton and triton, dissipate their whole kinetic energy in the
gas with which the counter is filled (krypton is
added to 3He), and the resulting pulse is recorded in FiS- *• A tyPical pulse-height spectrum obtained
the full-energy peak (FEP) indicated in Fig. 1 by
marker No. 3. Pulses of lower amplitude are ob-
tained in the cases when either the proton or the
triton fully or partially escapes from the counter
(wall effects). The lowest PHs arise when the pro-
ton fully escapes; in this case, the triton is fully ab-
sorbed in the gas and the resulting pulses have am-
plitudes of a quarter of the FEP (just above
marker 2). The neutron-induced events are thus re-
corded practically in the amplitude range between
markers 2 and 4. Nevertheless, a few pulses are re-
corded also above marker 4, and they are mainly
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due to high-energy neutrons; in measurements with very high counting rates (a few thousands
counts/s), however, they also result from the pile-up of thermal neutron events. The pulses recorded
above marker 4 are therefore included in the measured counting rate.

The events recorded below marker 2 are not due to neutrons. They can be due to gamma-ray induced
electrons in the detector wall (0.5 mm stainless steel) or, the most of them, to noise induced from the
environment or produced by the electronics itself. With decreasing PH, the number of such perturba-
tive pulses increases considerably, and in order to avoid unnecessary recordings, the pulses between
channel zero and marker 1 were rejected using the analogue threshold of the Analogue-to-Digital Con-
verter (ADC) of the MCA used. The analysis in the region below marker 2 is very important because it
shows whether marker 2 clearly separates the neutron events from the parasitic events. This region was
plotted once more in Fig. 1, multiplied by a factor often in order to illustrate situations occurring when
the neutron count rate is very low, in which case the parasitic pulses can dominate the spectrum on
both sides of marker 2, interfering with the neutron events at least in this region. The extraction of the
pure neutron count rate from such a spectrum is complicated, it makes necessary a full shape analysis
of the PHS using reference PH spectra. Obviously, such complications can be avoided if the electronics
used with the SP9 detector can keep low enough the counting in the region below marker 2, thus en-
suring a net separation of the neutron events above marker 2.

3. The analogue processor

From the discussion in the previous section it can be concluded that it is the main task of the AP to re-
duce the parasitic pulses of the SP9 counter detection system to as low a level as possible. Such a task
can be fulfilled more easily when the AP is of compact design, well shielded against external electro-
magnetic perturbations, and if it uses an incorporated autonomous power supply independent of the
mains. In this case, low power consumption offers important advantages. The block diagram of the AP
developed to match the features of the 3He-filled SP9 proportional counter is shown in Fig. 2.

The AP comprises an adjustable high-voltage power supply (HVPS), a charge-sensitive preamplifier
(CSPA), a shaping amplifier (ShA), a base-line re-
storer (BLR), two integral discriminators (Dl and
D2) with individually adjustable thresholds and a
low-voltage power supply (LVPS).

The LVPS uses a DC-DC converter which supplies
± 5 V stabilized voltages. The primary voltage is
usually provided by internal or external batteries
and may have values between 4 V and 7 V, but a
standard + 12 V NIM input is also accepted. A clas-
sical ringing-choke converter type has been chosen.
In order to achieve a good voltage stability, the in-
tegrated circuits MAX4802 and MAX8733 are used.
A symmetrical L-C HF filter is used at the LVPS

Fig. 2. The block diagram of the analogue proces-
sor for SP9 counters
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input in order to reduce the influence of the external electromagnetic perturbations. The variation of
the output voltage with temperature is less than 150 ppm/ °C and less than ± 0.2% for changes of the
battery voltage between 4 V and 7 V.

The HVPS supplies a maximum current of 2 uA and allows continuous adjustment of the output volt-
age in the range from + 670 V to + 930 V, which largely meets the requirements of the various SP9
counters used. To ensure reduced power consumption a ringing-choke converter followed by a xlO
multiplier is used. The reference voltage (MAX873), the error amplifier (MAX480) and the feedback
resistors were chosen so as to ensure a stability coefficient of about 50 ppm/ °C, a value which guar-
antees normal measurement conditions even under ambient temperature changes as large as ± 25 °C
(for instance at an ambient temperature varying between - 5 °C and + 45 °C).
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The CSPA has been constructed of discrete components, and the compromise between performance,
price and power consumption has resulted in the following main characteristics: a minimum pulse rise
time of about 100 ns (usually the drift time of the detector is clearly longer) and a fall time of about
100 (as. The thermal noise of the CSPA is about 2% of the FEP amplitude when the detector and the
HVPS are disconnected. When the SP9 detector is connected through a coaxial cable 40 cm long and
the high voltage is applied, the noise amplitude doubles.

The ShA consists of 4 stages all using the same operational amplifier (OpAmp), MAX4394. Quasi-
Gaussian shape (two shaping times of 2.5 (is and 5 us are available and settable with minijumpers) is
achieved by means of pole-zero compensation, two real poles and a pair of complex-conjugated poles.
The amplifier gain has two coarse adjustments (xl/x3,xl/x3) with minijumpers and a fine adjustment
(xl -rx3.5).

Using the ± 5 V LVPS and the MAX439 OpAmp in the end stage of the ShA, and an output impedance
of 1 kQ. (which generally corresponds to the input impedance of an ADC), the analogue output of the
ShA is linear up to about 3.1V and is saturated at about 3.3 V. This situation copes very well with a 0
to 4 V analysis range of an MCA. In this case it is recommended to adjust the gain such that the FEP
has about 2.5 V amplitude. Then, all pulses of higher amplitude are recorded as well, most of them in a
peak corresponding to the saturation amplitude. This low-power output of the ShA accepts 50 Q im-
pedance coaxial cables, up to about 40 m in length, for connection to the MCA (ADC) input, the non-
linearity distortions remaining below 1%. The global stability with the temperature of CSPA+ShA is
better than 500 ppm/ °C, while the deviations from linearity remain lower than ±10 mV in the whole
amplitude range from 0 V to 3.1 V.

For longer cable connections (up to 150 m, ending with a 50 Q input) we already tested an optional
variant of the ShA end stage, by replacing the MAX439 OpAmp with the pin-compatible LM61715

OpAmp and increasing the positive LVPS from + 5 V to + 8 V. The price to be paid is, of course, an
increase in the total power consumption from 80 mW to about 110 mW.

In the BLR, using a nonlinear level-gain-control amplifier, a good stability versus temperature of the
zero line, as well as a reduced peak shift with increasing count rate (less than 1% at 40000 pulses/s) are
obtained.

Two outputs of integral discriminators with adjustable thresholds are provided for counting applica-
tions.

Fig. 3 shows the AP prototype which is installed in an aluminium box of size 170 x 105 x 58 mm on a
single printed-circuit board which contains all the AP elements grouped in functional blocks. The
CSPA and the HVPS are electrostatically shielded in order to reduce reciprocal perturbations.

Up to now, the AP prototype was successfully
used in measurements with the PTB BSS at the F i§- 3- A photograph of the prototype of the ana-
Paul Scherrer Institute in Villigen / Switzerland logue processor for BSSs
and at CERN in Geneve. The results will be pub-
lished elsewhere.

4. Conclusions

Using compact, small-size and battery-powered
electronics, the measurements with a Bonner
sphere spectrometer are improved not only owing
to better portability of the detector system, but
also because of independence from mains supply
and better shielding against external perturbations.
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