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Abstract

A high-rate, high-resolution gamma spectrometer
system is described. The systam consists of a reverse
electrode HPGe coaxial detector, a transistor reset
preamplifier, an active, semi-Gaussian prefilter, a
gated integrator, and a unique data acquisition system
consisting of a 10 us, 13 bit ADC, fast FIFO memory,
8k by 23 bit data memory, and computer interface
cireuitry under the control of a Z-80A uP. The effects
of the various components on the throughput are de-
scribed and chroughput data is presented. The
resolution and peak shift for various shaping times
are prasented for count rates up to | Mcps input rate
using a mixed 22Na and 53Co source. The low rate
resolutions of 37Co and 5%Co for various shaping times
using either the semi-Gaussian or gated integrator
output are discussed as well as the low energy
resolution and peak shifts in the presence of high
energy events.

Introduction

The need for gamma spectroscopy systems that will
handle high input counting rates and give useful reso-
lutions is increasing due to applications such as
neutron activation analysis and post-accident monitor=
ing in power plants. A system which will handle high
input rates and give corresponding high throughput
rates is presented in this paper. This work is an
extension of previous work bY the authors that deait
with time~invariant filters.' The system described
here uses a time-variant filter to achieve useful
output count rates for input count rates approaching
1 Mcps.

A block diagram of a high-rate spectroscepy
system is shown in Figure {. The principal components
of this system are a HPGe detector, a transistor reset
preamplifier (TRP), a time-variant shaping amplifier,
a Multichannel Buffer (MCB) and a computer system. An
optional counter/timer can be used to monitor the input
count rate. The block diagram also shows the proper
interconnection of the system for pileup rejection.

Various waveforms are also shown in Figure 1 and will
be described in the next section.
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Figure 1. A Block Diagram of the High-Rate Gamma

Spectroscopy System.

System Components

Detector-Transistor Reset Preamolifier

The detector used can be aither the reverss eiec-
trode or the conventional HPGe coaxial configuration.
The detector is coupled to a TRP similar to that
reported by Landis, et al.2 The basic configuration
of the preamplifier is the same for both types of
detectors. Only minor circuit changes are necsssary
to account for the diffarence in charge flow in
detectors of different polarity.

A functional diagram of the TRP is shown in
Figure 2. A charge loop is formed by the input FET
Q!, the GAIN stage and the feedback capacitor Cep.

Charge is accumulated on Cgp due to detected nuclear

events and detector leakage current. In a conventional
charge loop, a high-value feedback resistor wouid be
connected in parallel to Csp to discharge this capac-
itor on a continuous basis. In the TRP, this resistor
is replaced by Q2, D1, R, C2, current sources !; and

12 and switch S. With S in the Normail position, the
TRP operates as a charge sensitive preamplifier. When
the output voltage reaches a preset dc value, switch S
changes to Reset and current |, flows into C2 and Q2.
This action causes Q2 to conduct and forms a new feed-
back loop. The forward gain path now consists of Q2,
Ql, and GAIN. The new feedback path consists of R and
€2. The new circuit configuration acts as an integrator
for current 1, forcing the output voitage negative and
discharging Cgp. The switch S returns to the Normal

position when Cgy is completely discharged.

The TRP has several important advantages compared
to the conventiona! resistive fedback scheme normatly

- found in high-resolution HPGe spectroscopy systems.

First, the absence of the feedback resistor eliminates
the need for pole-zero compensation, a critical adjust-
ment in the optimization of a standard spectroscopy
system operating at high input count rates. Second, a
high value feedback resistor is a frequency dependent
impedance that can cause varying amounts of undershoot
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Figure 2. A B8lock Diagram of the Transiscor Reset

2reamplifier (TRP).






