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A SILICON PHOTODICDE BASED GAS PROPORTIONAL SCINTILLATION COUNTER
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Abstract

A commercial available Schottky barrier silicon
photodiode is <coupled to a Gas Proportional
Scintillation Counter through a quartz window and is
used as an alpha particle room temperature detector.
An Ar+N2(2%) gas mixture at 1470 Torr is used.
Resolutions of 3.2% are achieved. A discussion of the
results obtained is presented and future improvements
considered.

1. Introduction

During the last years efforts have been made in
order to replace the cumbersome conventional photo-
multiplier used in scintillation detectors with
smaller 1light sensors - photodiodes and photo-
ionization detectors.

Standard scintillators (NaI and CsI) have been
coupled to surface barrier [1], Si(Li) [2] and silicon
avalanche [3] photodiodes. Gas scintillation and gas
proportional scintillation counters have been coupled
to vacuum photodiodes [4] and to photoionization
detectors [5,6,7] with special success in the case of
proportional scintillators due to the 1large 1light
intensity.

Silicon photodiodes can in principle be used as
well with gas proportional scintillation counters

1

(GPSC). In spite of its appealing simplicity systems
of this type have not yet been tried. Having in mind
the development of silicon photodiode based portable
GPSC's we carried out the present work.

2. Experimental set-up

A standard uniform field gas proportional scin-
tillation counter is shown in Fig. 1 with two grids
6 mm apart. The grids were made of AISI-304 stainless
steel with a mesh of 100 c.p.cm2. The scintillation
light passes through a quartz ( Spectrosil-A ) window
and is detected with a cammercial available ( United
Detector Technology, California ) Schottky barrier PIN
silicon photodiode, model PIN-25, with a sensitive
area of 6 cm2. Both the photodiode and the preamplifier
( Hewlett-Packard model HP 5554-A ) are operated at
room temperature.

Since Si-photodiodes spectral response falls to
zero below 200 nm, even for UV types, they cannot be
used with GPSC's using pure noble gas fillings.
However it has been shown [8] that Ar-N2 mixtures emit
light above that 200 nm threshold. Thus we have filled
the detector with an Ar+N2(2%) gas mixture; the gas
was kept at 1470 Torr and 17°C.

The GPSC was excited with Th-C alpha particles
dissipating 8.5 MeV in the gas.

The electronics diagram is shown in Fig. 2 with the
experimentally values set for minimum SNR. Both the
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GPSC WITH COUPLED PHOTODIODE
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FIG.2

scintillation pulses taken from the photodiode and the
charge pulses taken fram grid 2 were fed into a MCA.

3. Experimental results and discussion

We have carried out the experimental measurements
with the best, as far as SNR is concerned, of two
PIN-25 photodiodes, which was the one with the higher
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ELECTRONICS DIAGRAM WITH SNR OPTIMIZED VALUES

reverse resistance (18 M ohm).

The variation of the energy resolution with the
reduced electric field is plotted in Fig. 3 for both
charge and scintillation pulses. As shown, the scin-
tillation pulse energy resolution reaches a figure of
3.2% at 4.35V am-1 Torr-1 (3.8 kV between the grids)
which is close to the best charge resolution.

As expected the photodiode pulse resolution is
limited by the large photodiode noise at room tempera-—
ture rather than by the preamplifier noise or the
scintillation statistics. The poorer energy resolution
for lower E/p values results fram the smaller SNR.
Correcting for the contribution of the system noise
the intrinsic energy resolution of the counter would
be 2.1% at E/p = 4 Van-1 Torr-1. This value 1is
approaching the best value obtained for alpha
particles with GPSC's using photomultipliers [9]. These
results are quite encouraging since under the present
geametry only about 5% of the total secondary light
reaches the photodiode.

The charge pulse resolution remains approximately
constant since the GPSC works in the region of none or
little charge multiplication.

4. Conclusions

These first experimental results obtained coupling
a silicon photodiode to a Gas Proportional Scintilla-
tion Counter show that satisfactory energy resolutions
for charged particles can already be obtained at roam
temperature. Better results can be expected if work is
done along the following lines: improvement in the
optical solid angle, the photodiode spectral response
and the noise of the system.
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