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We have been developing a portable neutron spectrometer based on a liquid scintillator detector

that is capable of measuring fast neutron spectra in the range of 0.5 to 16 MeV. These spectral data are
needed for the calibration of neutron dosimeters and calculation of fluence-to-dose conversion factors.

Recent development of low-power integrated circuits and the availability of powerful low-cost computers

combine to make possible the development of a truly portable instrument. The complete spectrometer
will consist of the spectrometer head, which is described in this report, a separate battery pack, and a lap-

top computer with the appropriate interface to the spectrometer head.

The overall functional block diagram of the spectrometer head is shown in Fig. 1. The front end

consists of an NE213 liquid scintillator and photomultiplier tube (PMT) coupled with a light pipe. The

light pipe is necessary to equalize the effects of neutrons interacting in different parts of the scintillator.

The PMT delivers a high-impedance charge pulse in response to the scintillator light pulse. The PMT

gain is kept low so that the power consumption of its high-voltage bias is low. The pre-amp integrates

the charge pulse with a 50-/_s time constant and presents the resultant voltage to the shaping amplifier.

A neutron spectrometer has to separate out signals produced by neutrons from those produced

by gammas. The light produced in the scintillator decays with a combination of fast (5 ns) and slow (150

ns) time components. Signals produced by gamma rays occur primarily in the fast component and can

be rejected with a pulse-shape discriminator. Neutrons release recoil protons that produce light about

equally in the fast and slow components. The neutron spectrum is obtained by pulse-height analysis of

the slow component. The technique for discrimination used in this spectrometer is to take the pre-amp

signal and add an inverted delayed version of the original signal to it. A 1-#s delay is necessary to allow

full integration of the slow component. In this case, the fall of the resultant pulse is the same as the rise,

except for some degradation introduced by the delay line. This pulse is fed to two RC differentiators,

which give signals that pass through zero at 15 and 85 percent of the fall of this composite pulse. A

time-to-amplitude converter triggered by the 15- and 85-percent zero crossings then gives a signal that

is a measure of the rise time of the original pulse. The rise time of a compact 1-/_s delay line degrades

the signal such that the 85-percent point for the gammas and neutrons were 42 and 165 ns, respectively.

This difference still allows a comparator to be adjusted so that it triggers only for neutron input signals;

(a) Work was performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under Contract W-7405-Eng-48, and supported by PNL
through MPO 006705-A-G2.
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FIGURE 1. Functional block diagram of the portable neutron spectrometer.

this is the gate for the linear amplifier. The pulse-shape discriminator circuit used here was chosen to

have mostly passive components so as to keep power consumption less than 1 W.

The shaping amplifier, pulse-shape discriminator, and linear amplifier were built and tested. A

pulser with neutron-like signals was used to test the circuit, and discrimination was possible over a

dynamic range greater than 200 to 1. This dynamic range is sufficient to allow the spectra to be

displayed in 0.1-MeV energy bins over the range of the spectrometer from 0.5 To 16 MeV.

The spectrometer will require a 12-bit analog-to-digital converter (adc) with differential

nonlinearity (dnl) of less than 3 percent. The 12-bit digitization will allow eight channels in the narrowest

energy bin, and no interpolation of the data will be required. A variety of low-power 12-bit successive

approximation digitizers are now available. They have fast conversion time, but poor DNL, and are

usually specified as lease significant bit. In spectroscopic applications, this is a DNL of 50
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FIGURE 2. Stable light pulser for calibrating and stabilizing a neutron spectrometer.

percent or greater. There are techniques of bin-width averaging that can improve the effective DNL to

less than 1 percent. We expect to develop a 12-bit ADC with up/down sliding scale averaging that will

provide the required DNL, and we are now in the process of designing this circuit.

A unique element of this spectrometer is a stable light pulser that is used to set the gain of the

detector system. The system gain is automatically adjusted by varying the PMT high voltage in response

to the low-repetition-rate light pulser. This compensates for changes in the gain of the PMT with

temperature and maintains the energy calibration of the instrument. A functional block diagram of the

stable light pulser is shown in Fig. 2. The circuit begins with a clock operating at 100 Hz. A 50-ns

delay circuit together with logic circuits are used to generate a 50-ns pulse that alternately drives a high
and low current to a current mirror; thus, stabilization occurs at two different light pulses. The current

mirror pulses a green light-emitting diode that is used to provide a light pulse directly to the PMT. This

light pulse is stabilized using a photodiode that is referenced to a stable voltage. The stabilized

photodiode pulse is used to vary the voltage drive to the current mirror to keep the light pulse constant.

The mechanical and electrical design of the spectrometer has been developed using a three-

dimensional CAD system. Figure 3 shows the spectrometer head. The cover is made of 4-in. square

pipe, and the overall length will be about 15 in.

163



I:I(itJRI! 3. ('Al) iill_iTt_ ()t"llio l)(_ri_lblenouir()il .<>pccir(inlctorhc;.lcl.

164


