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a b s t r a c t

Thallium bromide (TlBr) is a promising semiconductor detector material due to its high atomic number

(Tl: 81, Br: 35), high density (7.56 g/cm3) and wide band gap (2.68 eV). Current TlBr detectors suffer

from polarization, which causes performance degradation over time when high voltage is applied.

A 4.6-mm thick TlBr detector with pixellated anodes made by Radiation Monitoring Devices Inc. was

used in the experiments. The detector has a planar cathode and nine anode pixels surrounded by a

guard ring. The pixel pitch is 1.0-mm. Digital pulse waveforms of preamplifier outputs were recorded

using a multi-channel GaGe PCI digitizer board for pulse shaping. Several experiments were carried out

at �20 1C while the detector was under bias for over a month. No polarization effect was observed and

the detector’s spectroscopic performance improved over time. Energy resolution of 1.5% FWHM at

662 keV has been measured without depth correction at �2000 V cathode bias. Average electron

mobility-lifetime of (5.770.8) �10�3 cm2/V has been measured from four anode pixels.

& 2010 Elsevier B.V. All rights reserved.
1. Introduction

Thallium bromide (TlBr) is a promising new semiconductor
detector material for X- and gamma-ray applications for home-
land security, astrophysics and medical imaging. It has a high
gamma-ray stopping power due to its high density (7.56 g/cm3)
and high atomic number (Tl: 81, Br: 35). Also, its wide band gap
(2.68 eV) makes it very suitable for room-temperature operation.

However, current TlBr detectors suffer from polarization
effects which degrade spectroscopic performance over time
when bias voltage is applied. It has been suggested in Ref. [1]
that ionic conductivity causes polarization in TlBr detectors. By
applying bias voltage, Tl+ and Br� ions are accumulated under the
cathode and anode electrodes, respectively [2]. This causes a
degradation in the electric-field intensity inside the detector; i.e.
the polarization effect, and therefore signal amplitude reduces
over time until complete breakdown of the electric field. It is
shown that the polarization effect in TlBr detectors can be
suppressed with Tl electrodes coated by Au contacts [2].
The polarization effect is also partially mitigated by reversing
the polarity of the high bias applied to the detector [3]. It is shown
in Ref. [4] that no polarization effect is observed with TlBr
detectors at �20 1C when high bias is applied for over 5 days.

In this work, a 4.6-mm thick TlBr detector was kept under bias
for over a month at �20 1C and digital waveforms were recorded
ll rights reserved.

.

from four anode pixels and the cathode for spectroscopy
measurements. The detector was stable over the measurement
time.
2. Experimental setup

The detector studied is a 4.6-mm thick pixellated TlBr detector
with Au/Cr contacts manufactured by Radiation Monitoring
Devices Inc. The cathode is a planar electrode, while the anode
has nine pixels with 1.0-mm pitch surrounded by a guard ring.
The detector is placed inside a test box with five readout channels
and connected to charge-sensitive Amptek A250 preamplifiers for
readout. Digital pulse waveforms from four anode pixels and the
cathode were recorded using a 14-bit GaGe Octopus CompuScope
PCI bus on a personal computer. Each pulse waveform (or event)
per channel has 512 points sampled every 100 ns. Example
waveforms for a photopeak event close to the cathode surface
for a typical anode pixel and the cathode can be seen in Fig. 1.
The drop of the signal amplitude is due to the time constant of the
preamplifier used in the detection system.

Recorded waveforms for each channel were analyzed with
software written in MATLAB [5] and ROOT [6]. For this analysis, a
digital CR-RC shaping filter with 10-ms shaping time for anode
signals and 24-ms shaping time for the cathode signal was used.
Shaping time for the signals was kept long to avoid ballistic deficit
since mobility of charge carriers is very low in TlBr.

The detector test box was placed inside a temperature
chamber where it was kept at �20 1C during the experiments.
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3. Experimental results

3.1. Spectroscopic performance at �500 V

Several experiments were carried out at �20 1C with a 137Cs
source. Digital waveforms from four anode pixels and the cathode
were recorded and analyzed. At the beginning, the detector was
biased up to �500 V for spectroscopy measurements and data
were collected for a period of 16 h. Fig. 2 shows a typical anode
pixel spectrum and depth-separated spectrum using the cathode-
to-anode signal ratio [7,8]. Poor spectroscopic performance of the
anode pixel was attributed to the severe electron trapping, shown
on the right-hand side of Fig. 2. After this observation, experi-
ments were stopped and the detector was biased down. This
experiment was repeated more than a month later and similar
results were obtained.
3.2. Spectroscopic performance at �1000 V

After observing poor spectroscopic performance at �500 V, the
detector’s bias was increased to �1000 V. The effect of electron
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Fig. 1. Typical anode pixel and cathode waveforms for a photopeak event close

to the cathode surface with a 137Cs source and �2000 V bias.
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Fig. 2. 137Cs raw anode pixel spectrum (left) and depth-separated spectrum (right) u

correspond to interactions near the cathode surface. Severe electron trapping is observ
trapping was greatly reduced and the detector’s spectroscopic
performance improved significantly. Fig. 3 shows a typical anode
pixel spectrum and depth separated spectrum using the cathode-
to-anode signal ratio measured at �1000 V. The depth separated
spectrum also implies that at this voltage the detector was fully
active in all depths. For pixel 5, measured energy resolution was
2.7% FWHM at 662 keV without depth correction.

The detector was kept under bias and more data were
collected during the following weeks. After two weeks, measured
spectroscopic performance showed an improvement, as shown in
Fig. 4. For pixel 5, measured energy resolution was 2.3% FWHM at
662 keV. No depth correction is applied to the data. This result is
very encouraging and suggests that TlBr detectors can be operated
for a long period of time at low temperatures without significant
polarization effects. Spectroscopic performance of the detector
also improved over time. Stability of the detector and detailed
comparison of results at �1000 V will be discussed later.

3.3. Spectroscopic performance at �2000 V

The detector bias was gradually increased to �2000 V and kept
at this bias for about two more weeks. Fig. 5 shows raw anode-
pixel spectra without any depth correction for four pixels at
�2000 V with a 137Cs source. Measured energy resolution was
2.7%, 4.2%, 2.9% and 1.5% FWHM at 662 keV for pixels 1, 2, 4 and 5,
respectively. These results were obtained with the last data set
taken during continuous operation of the detector over a month at
�20 1C.

3.4. Stability of the detector

The polarization effect in TlBr detectors appears in the energy
spectrum as changes in energy resolution, photopeak amplitude
and photopeak efficiency. The change in these parameters as a
function of time is investigated in this section.

Figs. 6, 7 and 8 compare changes of photopeak pulse
amplitude, energy resolution and number of total and photopeak
events for two data sets collected at �1000 V two weeks apart
from each other. It can be seen clearly in Fig. 6 that photopeak
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Fig. 3. 137Cs raw anode pixel spectrum (left) and depth-separated spectrum (right) using the cathode-to-anode ratio at �1000 V bias. The smaller peak located at the lower

energy side of the 662 keV (i.e., channel � 1620) peak is the Tl X-ray escape peak. Higher cathode-to-anode ratios correspond to interactions near the cathode surface. For

pixel 5, measured energy resolution was 2.7% FWHM at 662 keV. Data were collected at �20 1C.
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Fig. 4. 137Cs raw anode pixel spectrum (left) and depth-separated spectrum (right) using the cathode-to-anode ratio at �1000 V bias. Higher cathode-to-anode ratios

correspond to interactions near the cathode surface. For pixel 5, measured energy resolution was 2.3% FWHM at 662 keV. Data were collected at �20 1C two weeks after the

first data set shown in Fig. 3.
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amplitude stayed almost constant over time for all anode pixels
and for the cathode. A small change in amplitude of the signals,
especially for the cathode signal, was observed on the first data
set. This was attributed to the detector becoming conditioned
over time. Energy resolution for each pixel did not show any
significant degradation over time. In fact, uncorrected energy
resolution improved after two weeks for all anode pixels, except
for pixel 1, as shown in Fig. 7. In Fig. 8, comparison of the two data
sets shows reduction in the variation of photopeak efficiency for
each pixel over time. This is another indication of the stability
improvement of the detector over time. One of the interesting
observations is that photopeak efficiency for some of the anode
pixels improved over time.
3.5. Electron mobility-lifetime

The method proposed in Ref. [9] was used to calculate electron
mobility-lifetime ðmeteÞ product. This method relies on measuring
photopeak amplitudes for events close to the cathode surface at
two different cathode biases. The photopeak amplitudes are
proportional to the number of electrons collected at the anode
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Fig. 5. 137Cs raw anode-pixel spectra at �2000 V bias. Measured energy resolution was 2.7%, 4.2%, 2.9% and 1.5% FWHM at 662 keV for pixels 1, 2, 4 and 5, respectively. No

depth correction was applied. Data were collected at �20 1C.
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pixel and the number of electrons is proportional to the applied
bias with single polarity charge sensing detectors. The electron
mobility-lifetime can be found using the following equation:

mete ¼
D2

lnðN1=N2Þ

1

V2
�

1

V1

� �
ð1Þ

where D is the detector thickness, N1 and N2 are the photopeak
centroids under two different cathode biases, V1 and V2. Energy
spectra with a 137Cs source were collected at two different
cathode biases, �1000 and �2400 V. Then, mete was calculated
for each pixel using Eq. (1). Results of calculated mete can be seen
in Table 1 for all anode pixels that were tested. Average electron
mobility-lifetime was calculated to be (5.770.8)�10�3 cm2/V.
4. Discussion and future work

A 4.6-mm thick TlBr detector made by Radiation Monitoring
Devices Inc. successfully operated under bias for over a month at
�20 1C. Energy resolution of 1.5% with a 137Cs source was
obtained for the best anode pixel without any depth correction
at �2000 V.
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Fig. 6. Photopeak pulse amplitudes for all anode pixels and the cathode at �1000 V with 137Cs on two different dates. Data shown on the left figure were taken two weeks

before data shown on the right figure.
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Fig. 7. Energy resolution in FWHM over time with 137Cs (662 keV) at �1000 V on two different dates. Data shown on the left figure were taken two weeks before data

shown on the right figure. No depth correction was applied to either data set.

3000
4000
5000
6000
7000
8000
9000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

N
o.

 o
f 

Ph
ot

op
ea

k 
E

ve
nt

s

Time [hrs]

50000
60000
70000
80000
90000

100000
110000
120000

N
o.

 o
f 

E
ve

nt
s

Pixel 1
Pixel 2
Pixel 4
Pixel 5

3000
4000
5000
6000
7000
8000
9000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16N
o.

 o
f 

Ph
ot

op
ea

k 
E

ve
nt

s

Time [hrs]

50000
60000
70000
80000
90000

100000
110000
120000

N
o.

 o
f 

E
ve

nt
s

Pixel 1
Pixel 2
Pixel 4
Pixel 5

Fig. 8. Number of total events and number of photopeak events in each pixel at �1000 V on two different dates. Data shown on the left figure were taken two weeks before

data shown on the right figure.
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Table 1
Calculated mete for all pixels that were tested.

Pixel number mete ð�10�3 cm2=VÞ

1 5.9

2 4.6

4 5.7

5 6.4
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Data sets were collected two weeks apart at �1000 V. These
data showed that photopeak amplitudes stayed constant within
the same experiment. An average increase of 2.5% in the gain of
the anode pixels was observed when comparing these two data
sets. Improvement in the energy resolution was also observed.
Some irregularities of photopeak efficiency were observed in the
first data set at �1000 V. This is likely due to conditioning of the
detector to the applied bias.

Average electron mobility-lifetime was calculated to be
(5.770.8)�10�3 cm2/V. This shows that the electron transport
properties are similar to those measured in CdZnTe.

The effect of different operating temperatures on the detector’s
performance will be studied in greater detail using this detector in
the future.
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