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Driftless gas proportional scintillation counter pulse
analysis using digital processing techniques†
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A driftless gas proportional scintillation counter (GPSC) of simple design, using digital pulse-signature
analysis, is described. The digital pulse acquisition and processing techniques are shown to be a simple
and effective method to determine pulse time duration and to perform pulse amplitude correction in
driftless GPSCs. This technique allows the application of driftless GPSCs to x-ray spectrometry up to
60 keV. Although the pulse throughput achieved by the digital pulse-height analyser in this application
is limited to about 2 kHz, total interaction rates above 20 kHz can be tolerated by the detector without
significant degradation of the pulse-height distributions obtained. Copyright  2001 John Wiley & Sons,
Ltd.

INTRODUCTION

Gas proportional scintillation counters (GPSCs) have been
widely applied in important areas such as x-ray astronomy,
medical instrumentation, high-energy physics and energy-
dispersive x-ray fluorescence analysis.1 – 6 They combine
room temperature operation with large detection areas
and high counting rates without space charge effects.1,6

The importance of GPSCs has led to continuous research
efforts to elucidate their working principles and improve
their performance.

The preferred gas medium is a noble gas, usually
xenon, chosen for its large photoionization cross-section
and high scintillation efficiency. In conventional GPSCs
the x-rays interact preferentially in a region with an
applied weak electric field, below the threshold for the gas
excitation—the drift region. Under the influence of this
field, the resulting primary electron cloud drifts towards
a well-defined scintillation region where the electric field
is high enough for the drifting electrons to excite but not
ionize the gas atoms, producing a characteristic vacuum
ultraviolet (VUV) scintillation pulse as a result of de-
excitation of the gas atoms. Each primary electron gives
rise to a very large number of VUV photons, resulting
in a large signal amplification, without space charge
accumulation. The number of VUV photons is proportional
to the number of primary electrons, and hence to the x-ray
energy. If the x-rays interact in the drift region, the amount
of the resulting scintillation is independent of the position
where the x-ray interaction occurs.
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However, the interaction of x-rays in a region with a
weak electric field can be disadvantageous, in particular
for x-ray interactions near the detector radiation window,
since some primary electrons may be lost to the window,
owing to diffusion. This effect is important for soft x-rays
with very low penetration depths in the gas. The pulse-
height spectra of a GPSC for such x-ray energies may exhibit
distortions represented by a significant departure from the
Gaussian shape output in the low-amplitude region owing
to a tail that extends down to very low amplitudes.7 It was
shown that this effect is very sensitive to the electric field in
the region near the radiation window and is reduced with
increasing electric field.

For these reasons, a driftless GPSC design was
developed:8 – 11 a GPSC without a drift region, where the
x-rays are directly absorbed in the scintillation region, in con-
trast to conventional GPSCs where x-rays are preferentially
absorbed in a preceding drift region. Owing to the high elec-
tric field in the scintillation region, the degrading influence
of primary electron loss to the detector radiation window7 is
reduced when compared with the conventional GPSC oper-
ation. Additionally, several other disadvantageous effects
such as primary electron loss due to impurities and to the
low-voltage grid and the lateral diffusion of the primary
electron cloud are also reduced.8,12 Also, the driftless design
is attractive for timing applications where a prompt detector
response and/or a steep pulse rise is needed.

However, in a driftless GPSC the observed light ampli-
tude is dependent on the distance covered by the primary
electron cloud in the scintillation region, and hence on the
depth of the interaction of the incoming x-ray photon. The
light pulse time duration is proportional to this distance and
allows pulse amplitude normalization, restoring the propor-
tionality between the normalized pulse amplitude and the
corresponding x-ray photon energy.

For low-energy x-rays with absorption lengths much
smaller than the scintillation region thickness, pulse time
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duration analysis is not necessary, owing to the small effect of
the different x-ray penetration depths on the distance covered
by the primary electron cloud in the scintillation region, and
thus on the scintillation light produced.11 Nevertheless, if the
low-energy x-rays are detected together with high-energy
x-rays, the low-energy peaks will be superimposed on a
high-level background, which can be efficiently eliminated
by using pulse discrimination techniques. Furthermore, the
applicability and the advantages of a driftless GPSC design
extend to higher energy ranges,9,10 where the observed light
amplitude must be corrected.

So far, scintillation time duration analysis has been
implemented with analogue signal processing requiring
sophisticated electronics, which may be a limitation when
dealing with fast pulse processing,10 a drawback for prac-
tical applications. However, when using digital processing
techniques, such pulse time duration analysis can be easily
implemented using a digital pulse-height analyser (DPHA)
with high versatility and without the requirement for addi-
tional electronics.

Recent studies investigated the applications of digital
pulse processing techniques to x-ray spectrometry with con-
ventional GPSCs13 – 15 using a DPHA. The application of these
techniques proved to be a simple but effective method for
improving the detector performance by background sup-
pression and peak enhancement in x-ray spectrometry appli-
cations. X-ray pulse-height distributions were improved on
the basis of digital pulse rise-time discrimination13,14 or dig-
ital pulse time duration discrimination.15 These techniques
can also be applied with advantage to driftless GPSCs.

In this work, we investigated the application of dig-
ital pulse-processing techniques to driftless GPSCs. The
pulse time duration was assessed to determine the x-ray
penetration depth and perform pulse-amplitude correction.
The x-ray energy range of application and the performance
obtained with this technique for energy-dispersive x-ray
spectrometry (EDXRS) were evaluated.

EXPERIMENTAL

Detector
The driftless GPSC is shown in Fig. 1. It has a 10 cm diameter
ð 2.5 cm deep scintillation region and is filled with xenon
at 105 Pa, which is continuously purified through getters

(SAES St707 type) at 150 °C, and maintained in circulation by
convection. The upper part of the detector body is made of
Macor, intended to insulate the detector radiation window
and holder, which are biased at negative high voltage. The
window holder is made of stainless steel and is epoxied to
the Macor and to a 7.5 µm thick, 8 mm diameter Kapton
window aluminized on the inner side to ensure electrical
conductivity. The lower part of the detector body is made of
stainless steel and is connected to the gas circulation tubing.
The bottom of the detector body is a Macor disc epoxied to
the PMT enclosure and to the detector wall.

The scintillation region is delimited by the detector
radiation window holder and the photomultiplier (PMT)
window. The window holder and the respective Macor piece
were designed to ensure a uniform electric field in this region.
The PMT is a 5.1 cm diameter linear focused EMI D676QB
(an eight-dynode version of the EMI 9266QB PMT). Using
vacuum deposition techniques, a chromium grid (about
100 µm linewidth and 1000 µm spacing) and a continuous
chromium film were deposited on the PMT window and on
the lateral surface, respectively. These chromium films are
connected to the PMT photocathode pin in order to inhibit
any voltage difference between the photocathode and its
window external surface. This design enables the PMT to be
in direct contact with the scintillation region, eliminating the
need for an extra optical window and maximizing the light
collected by the PMT.

A 10 kV voltage difference was applied to the scintillation
region corresponding to a reduced electric field (the electric
field divided by the gas pressure) of about 3.8 V m�1 Pa�1.
This value, although adequate, might be increased by about
20–30% for optimum performance conditions,16 resulting
in a similar increase in the amount of the scintillation
light produced in the detector. However, we were not
able to achieve the higher reduced fields because of the
unavailability of a larger high-voltage power supply.

Digital signal processing electronics
The detector pulses were fed through a charge preamplifier
(Canberra 2005), with 4.5 mV pC�1 sensitivity, to an amplifier
(HP5582A) operated with a very short shaping time (50 ns)
and to the DPHA board where they were digitized and
further processed.

Macor
PMT

5

1 2 3 4 cm

Xe (105 Pa)

3

41  - Kapton window
2  - stainless steel window holder
3  - grid evaporated on PMT
4  - to gas purifier
5  - stainless steel enclosure

Macor

2 1

Figure 1. Schematic diagram of the driftless GPSC used in this work.
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The shaping times (50 ns integration and differentiation)
were selected to maximize the signal-to-noise ratio and
to obtain an electric pulse that closely resembled the
scintillation light burst. The pulse total area, the relevant
parameter for x-ray analysis, was calculated numerically
after a fast digitization.

The DPHA used in this work was composed by
a commercially available digitizer PCI board (Signatec-
PDA12A)17 and the host computer where all the data
processing was performed.

The digitizer board has a 12 bit ADC whose sampling rate
is software selectable up to the maximum of 125 MHz. It has
complex triggering capabilities including data acquisition
after or before a certain time interval measured from the
instant when the voltage trigger level is reached. The input
voltage range is 0–1 V but only 90% of the ADC full-
scale is used as a d.c. offset is added to the signal prior
to the digitization. The trigger voltage level is adjusted to
be just above the electric noise level (¾20 mV) and the pulse
digitization begins 3 µs before the trigger level is reached. A
sampling frequency of 20 MHz is used, thus 20 points are
sampled for a 1 µs pulse duration. This sampling frequency is
a good compromise between the performance obtained and
the DPHA pulse-processing time, leading to a maximum
throughput of 2000 counts per second.

In a typical run, each pulse is processed by a series
of algorithms as follows. A three-point median filter18

and a moving average filter18 smooth the digitized pulse
samples, reducing high-frequency oscillations. These filters
are required so that the pulse duration value calculated by the
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Figure 2. Typical pulse shapes (a) before and (b) after
applying the filtering algorithms. The selected pulses
correspond to 22.1 keV x-ray interactions at different depths.
The filtered pulses were aligned by the leading edge.

algorithm will not be affected by the spurious high-frequency
ringing originating from the electronic components. Figure 2
shows typical pulse shapes before and after applying the
filtering algorithms. The selected pulses correspond to
22.1 keV x-ray interactions at different depths. The filtered
pulses are aligned by the leading edge. This edge presents
the same shape for every pulse since all the primary
electron clouds have about the same size upon reaching
the photomultiplier tube. The pulse amplitude is taken as
the total area of all the pulse samples whose value is just
above the noise level. The pulse time duration is the pulse
duration obtained after cutting off the 10% pulse initial and
final areas. A pulse is rejected whenever any sampled value
overshoots the ADC scale.

Pulse discrimination is performed on the basis of the
pulse duration. As previously,13 – 15 partial pulse-height
distributions discriminated according to different pulse-
duration are recorded simultaneously.

RESULTS AND DISCUSSION

Using the above-described electronic system, the detector
pulse distributions are decomposed into several partial
distributions, obtained according to different pulse time
durations. Figure 3 presents the total pulse-height distribu-
tions and several partial pulse-height distributions obtained
for (a) 5.9 keV x-rays and (b) 109Cd source x-rays. The par-
tial pulse-height distributions, selected using time-window
widths of 0.04 µs, were obtained by counting only pulses
with a time duration between 1.0 and 2.1 µs.
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Figure 3. Total pulse-height distributions (thick lines) and
several partial pulse height distributions (thin lines) obtained for
(a) 5.9 keV x-rays and (b) 109Cd source x-rays. The partial
pulse-height distributions, selected using time window widths
of 0.04 µs, were obtained by counting only pulses with a time
duration between 1.0 and 2.1 µs.
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Figure 4. Peak centroid C, energy resolution R and peak
area A as a function of the selected pulse time duration window
for (a) 5.9 and (b) 22.1 keV x-rays. The quadratic function (solid
lines) used for amplitude correction is plotted in both (a) and
(b). In (a) an exponential fitting e�z/� (dashed line) to the peak
area as a function of the interaction depth z is also depicted.

Figure 4 presents the respective peak centroid C, energy
resolution R and peak area A as a function of the selected
pulse time duration window. The pulse amplitude decreases
with decreasing pulse time duration. A good correlation
between the pulse amplitude and the pulse time duration
is found and a quadratic fitting to these data is used as the
amplitude normalization function.

Although the amount of scintillation light produced
by the drifting electron cloud is proportional to the drift
distance covered by the cloud, and hence to the pulse time
duration, the solid angle subtended by the PMT increases
for paths nearer the PMT and the collected scintillation light
does not hold that proportionality. Instead, this dependence
is approximately quadratic, as displayed in Fig. 4. No
dependence of this function on the x-ray energy was found.
The average dimension of the primary electron cloud for
the different x-ray energies is in any case too small, when
compared to the drift distances, to have a significant influence
on the pulse time duration.

In Fig. 5 the total and partial pulse-height distributions
after the amplitude correction has been implemented are
depicted. Energy resolutions of 7.8 and 4.5% for 5.9 and
22.1 keV, respectively, were obtained, a performance similar
to that of a conventional GPSC.

The different trends of the peak area with the pulse
time duration for the different x-ray energies (Fig. 4) can be
explained in terms of the x-ray absorption length: the peak
area dependence on the x-ray penetration depth reflects the
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Figure 5. Total (thick lines) and partial (thin lines) pulse-height
distributions after amplitude correction obtained for (a) 5.9 keV
x-rays and (b) 109Cd source x-rays.

exponential attenuation characteristic of the x-ray beams. For
x-rays with absorption lengths shorter than the scintillation
region depth, an exponential decrease in the peak area with
decreasing pulse time duration window is expected, the
exponential parameter being equal to the mean absorption
depth. Fitting the data of Fig. 4(a) to an exponential function,
one obtains a mean absorption depth � of about 2.3 mm for
5.9 keV x-rays. A mean absorption depth of 0.53 mm was
found for Si K x-rays. These values are in good agreement
with the values 2.7 and 0.62 mm, respectively, reported in
Ref. 19. For x-rays with absorption lengths much longer than
the scintillation region depth, an approximate constant peak-
area dependence is expected, as shown in Fig. 4(b). The same
trend is observed for the 60 keV x-rays.

For high-energy x-rays, the energy resolution obtained
for the partial spectra increases with decreasing pulse time
duration [Fig. 4(b)]. As the distance covered by the primary
electron cloud is shorter, the solid-angle fluctuations and UV
photon counting statistics become important. This is due to
the finite size of the primary electron cloud and to the smaller
amount of scintillation light produced,20 respectively.

To improve the energy resolution achieved, x-ray pulses
with short time duration, i.e. x-rays absorbed in the lower
part of the scintillation region, may be rejected, but this
results in a decrease in the detection efficiency. Hence a
compromise must be established between energy resolution
and detection efficiency. Table 1 summarizes the energy
resolution, detection efficiency and the corresponding useful
scintillation region depth for different pulse time duration
rejection thresholds for 10.5 and 22.1 keV x-ray peaks, Pb L˛1

and Ag K˛, respectively. This compromise can be improved
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Table 1. Energy resolution E/E, detection efficiency and the corresponding useful scintillation region
depth for different pulse time duration rejection thresholds for 10.5 and 22.1 keV x-ray peaks

Time duration threshold Xenon thickness
E/E (%) Detection efficiency (%)

(µs) (mm) 10 keV 22 keV 10 keV 22 keV

0.6–2.0 17 6.9 6.0 75 17
1.0–2.0 13 6.5 5.5 65 13
1.2–2.0 10 6.2 4.8 57 11
1.4–2.0 8 6.1 4.5 48 8
1.8–2.0 3 6.1 4.4 23 4
1.9–2.0 1 5.9 4.3 10 1

by maximizing the reduced electric field, using a larger
diameter PMT or increasing the scintillation region depth.

X-ray spectrometry applications
Figure 6 depicts the peak centroid and the full width at half-
maximum values of the measured pulse-height distributions
obtained by irradiating the detector either with direct
radiation from x-ray radioactive sources or with fluorescence
radiation from single- or multi-element target samples. As
can be seen, the good energy linearity of GPSCs still holds
after the implementation of pulse amplitude correction. The
depicted energy resolution is obtained for a pulse time
duration threshold of 1.4 µs, which corresponds to an x-ray
absorption efficiency of a ¾1 cm xenon thick layer.

The deviation from a strict E�1/2 dependence of the energy
resolution is explained by geometric effects that reduce the
light collection efficiency or introduce fluctuations in pulse
amplitude, e.g. higher average x-ray penetration depth [as
discussed regarding Fig. 4(b)] and solid angle effects. The
experimental data follow approximately the E�1/2 trend as
shown in Fig. 6.

The detector was irradiated with a 55Fe x-ray source,
producing different interaction rates between 100 and 20 000
counts per second. The energy resolution degraded from
7.7 to 8.4 and to 9.6% for total count rates of about 400,
9000 and 20 000 counts per second, respectively, while the
peak-to-background ratio remained constant.

The pulse-height distributions obtained for the 244Cm
and 241Am x-ray sources are presented in Fig. 7(a) and (b),
respectively. The Pt L-lines of the 244Cm source result from
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Figure 7. Pulse-height distributions obtained for (a) 244Cm
and (b) 241Am x-ray sources after pulse amplitude correction
has been applied.

x-ray fluorescence emission of the source holder. The spectral
features of the 241Am source include the full-energy peak at
59.6 keV, the intense K˛ and Kˇ xenon fluorescence escape
peaks and the Np L x-rays.

X-ray fluorescence spectra were measured for thick
samples of raw Si excited with a 55Fe x-ray source, of a
SAES St707 getter (70% Zr, 5.4% Fe and 24.6% V) and of
dysprosium oxide. The resulting pulse-height distributions
are depicted in Fig. 8. Energy resolutions of 13, 7.6, 4.9
and 4.6% are obtained for the Si, Fe, Zr and Dy. For
comparison, the pulse-height distributions obtained with a
conventional GPSC are also depicted in Fig. 8. The advantage
of a driftless GPSC for soft x-rays is evidenced by the
undistorted Gaussian shapes of the peaks, with improved
energy resolution, and reduced electronic noise tail in the
low energy limit when compared with the pulse-height
spectra obtained with a conventional GPSC. For higher
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Figure 8. X-ray pulse-height distributions measured for (a)
thick samples of raw Si excited with a 55Fe x-ray source, (b) an
SAES St707 getter and (c) dysprosium oxide, obtained with the
driftless GPSC (black lines) and with a conventional GPSC
(grey lines).

energy x-rays, the spectra are similar to those that would
be obtained with a conventional, pure xenon GPSC with the
advantage of having slightly reduced backgrounds.

CONCLUSIONS

A GPSC of simple design in a driftless configuration
has been presented. The detector performance has been
demonstrated to be superior to that of conventional GPSCs
with separated drift and scintillation regions, especially for
soft x-ray spectrometry. Detector energy resolutions of 13,
7.8 and 4.5% were obtained for 1.75, 5.9 and 22.1 keV x-rays,
respectively. However, the detection efficiency of a driftless
GPSC is limited when compared with that which could
be achieved with a conventional GPSC, owing to the high
voltage requirements for biasing a thick scintillation region,
with high electric field, compared with the low electric field
demands of a drift region.

Digital pulse acquisition and processing techniques have
shown to be a simple and effective method to determine

pulse time duration and perform pulse amplitude correction
in driftless GPSCs in x-ray spectrometry applications. Addi-
tionally, this technique allows efficient pulse time duration
discrimination for background reduction of pulse-height dis-
tributions. It was demonstrated that this technique allows
the application of driftless GPSCs to x-ray spectrometry up
to energies above 60 keV. The maximum pulse through-
put achieved by the DPHA in this application is limited to
about 2000 counts per second. However, total interaction
rates above 20 000 counts per second can be tolerated in the
detector without significant degradation of the pulse-height
distribution obtained, whereas for conventional pulse for-
matting techniques the longer shaping times used do not
tolerate such high count rates without distortions to the
pulse-height distributions obtained.
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