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Abstract

A prototype of a digital positron lifetime apparatus is presented. We demonstrate that direct digitizing of detector pulses and
subsequent simple analysis with software, can be used to replace the conventional analog electronics chain (constant-fraction
discriminators, time-to-amplitude converter and multichannel analyzer). In this work, we use a fast digital oscilloscope. The
quality of the lifetime data is shown to be as good as with a usual apparatus. For a pulsed positron lifetime beam the digital
system is particularly suitable as no coincidence detection is needed and only one analog pulse has to be analyzed.
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1. Introduction

Positron lifetime spectroscopy has an established
position in defect studies of solids [1]. During the last
decades many important vacancy-type defects in bulk
specimen have been unambiguously identified with
the technique [1]. Currently, the method is extending to
the studies of technologically important thin films as a
result of the advent of various pulsed-beam concepts.

In bulk studies, the positron lifetime is usually
measured as the time difference between two
y-quanta, the first one being emitted simultaneously
with the positron from the source, and the second one
being the annihilation quantum. In pulsed positron
lifetime beam measurements, the start signal is
obtained from the pulsing electronics and the stop
signal again from the detection of an annihilation
photon. Conventionally, the time difference between
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the start and stop signals is extracted using analog
electronics: constant-fraction discriminators (CFD),
time-to-amplitude converters (TAC) and multi-chan-
nel analyzers (MCA). Especially optimization of the
CFD’s has proven to be tedious. The whole electronics
chain is also rather expensive.

In this paper, we present the first version of a digital
positron lifetime spectrometer. We show that the
replacement of the conventional analogue measure-
ment electronics with a fast digitizer circuit is feasible.
In this work we use a state-of-the-art digital oscillo-
scope to digitize the anode pulses from the detectors,
after which the lifetimes are extracted from the sample
sequence with software in a PC. A similar idea has
recently been applied to time-of-flight measurements
with silicon-strip detectors by Codino [2]. The per-
formance of our apparatus is close to that achieved
with an analog one, except for a rather low data
throughput rate (15 counts per second) due to limita-
tions in data transfer. This problem will be solved in
the future by using a more sophisticated digitizing
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apparatus. The digital lifetime spectrometer is simple
and easy to use, and is already now inexpensive
compared to its conventional counterparts.

2. Setup and methods

Our detectors were composed of plastic ¢30 x
20 mm?® cylindrical scintillators coupled to Philips/
Photonis XP2020photomultiplier tubes (PMT). The
anode pulses from the start and stop detectors are
combined and led to a digital oscilloscope (Tektronix
TDS 3052, 5 GS/s, 500 MHz) which samples the
pulses at 200 ps intervals (leading to about 100 sam-
ples per pulse). In the preliminary setup described in
Fig. 1, a slow channel is still needed for triggering.
This enhances the throughput of data by making sure
that only coincident proper-sized pulses are handled.
The sampled data are led via ethernet to a PC in which
off-line analysis can be performed.

Fig. 2(a) shows an example of a digitized positron
lifetime event. The left anode pulse originates from the
1275-keV j-quantum from the 2*Na source and the
right one from the annihilation photon. The positron
lifetime is extracted from the pulse pair by calculating
a cross-correlation with a smooth model pulse. From
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Fig. 1. Schematic diagram of a ‘first generation’ digital positron
lifetime spectrometer.

the cross-correlation data (Fig. 2(b)) the lifetime is
calculated simply as the difference between the loca-
tions of the peaks.

The energy windows, i.e. the pulse-height ranges of
useful pulses, can easily be selected with software
based on the amplitude spectra of the pulses in the
lifetime data. This makes it possible to automatically
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Fig. 2. (a) A typical digitized lifetime event captured by the oscilloscope. About 15 samples are collected within the rise time of the pulse.
The timing information is extracted from the digitized pulses by crosscorrelation with a model pulse, the result of which is given in (b).
The positron lifetime is then calculated as a time difference between the peak positions.
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take into account for example changes in the gain of
the PMT during a long measurement series [3].

3. Performance of the system

To investigate the performance of the digital system
we performed relevant test measurements. The ‘elec-
tronic’ resolution of the apparatus can be estimated by
feeding the same anode pulse twice into the combiner.
The observed time spread due to the A/D converter
and the numerical timing algorithm is 33 ps (full width
at half maximum, FWHM) which corresponds to that
of a combination of a conventional TAC and MCA. It
is so small that its contribution to the overall resolution
of the system is negligible. Also the linearity of the
apparatus was found to be sufficient for positron
lifetime measurements. It was tested with the aid of
randomly distributed start pulses and also by the
standard method based on the use of delay cables
of accurately known lenghts.

The total resolution of our spectrometer was mea-
sured with a ®*Co source emitting two simultaneous
y-quanta. The result with 50%Co windows was 203 ps
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Fig. 3. Positron lifetime spectrum in bulk Si measured with a
digital spectrometer. The solid line illustrates the best fit of a single
exponential component convoluted with a Gaussian resolution
function to the data from which source corrections and background
have been subtracted.

(FWHM), which is a typical figure for a spectrometer
with similar-sized scintillators.

Fig. 3 presents a positron lifetime spectrum mea-
sured in bulk Si with the digital apparatus. A single
lifetime component of 218 ps was observed which is
in perfect agreement with previous investigations [1].
In this measurement the time resolution was 297 ps.
Recently, preliminary tests with an improved version
have already given a better resolution.

These studies show that positron lifetime measure-
ments can be performed by sampling the detector
pulses with a fast digital oscilloscope, and by extract-
ing the lifetimes from the events numerically. The time
resolution similar to that obtained with analog instru-
ments indicates that the sampling rate of 5 GS/s, and
the overall quality of a fast A/D converter, are clearly
adequate.

4. Conclusions

A ‘first generation’ digital lifetime spectrometer
has been set up and tested. The performance is close
to that typically obtained with analog pulse processing
electronics.

The digital spectrometer has apparent advantages.
Firstly, the system is simple, consisting only of the
detectors and the digitizer. Hence, it is very easy to
set up. The often difficult optimization of the timing
discriminators is fully avoided. Moreover, the time
stability and linearity are expected to be very good
because of the crystal-controlled time axis. Since all
the raw data can be stored in a computer, many exciting
opportunities open due to the possibility of off-line
analysis of individual lifetime events. For example,
different timing algorithms are easy to investigate with
a given set of pulse pairs. Various corrections on the
data are also feasible, for instance pulse-amplitude
related differences in lifetime spectrum position (walk)
and residual drift of the spectrum due to the detectors
can be eliminated. Furthermore, at least part of dis-
torted pulses, e.g. due to pile-up, can be discarded.

Currently, we are about to implement a 2GS/s,
500 MHz digitizer PCI-card which enables one to
achieve nearly 100% data throughput. We are also
searching for the optimum timing algorithm, focusing
on the leading edge of the anode pulse. A similar
system will also be used in the data collection of the
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