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ABSTRACT 
 
The success in the development of radiation spectrometers operating at room temperature is based on many 
years of effort on the part of large numbers of workers around the world. These individuals have contributed to 
the understanding of the fundamental materials issues associated with the growth of semiconductors for this 
application, the development of device fabrication and processing technology, and advances in low noise 
electronics and pulse processing. Progress in this field continues at an accelerated pace, as in evidenced by the 
improvements in detector performance and by the growing number of commercial products. Thus, the last years 
have been seen continued effort in the development of room temperature compound semiconductors devices. 
High-Z compound semiconductor detectors has been explored for high energy resolution, high detection 
efficiency and are of low cost. Compound semiconductors detectors are well suited for addressing needs of 
demanding applications such as bore hole logging where high operating temperature are encountered. In this 
work recent developments in semiconductors detectors were reviewed. This review concentrated on thallium 
bromide (TlBr), cadmium zinc telluride (CdZnTe) and cadmium telluride (CdTe) crystals detectors. TlBr has 
higher stopping power compared to common semiconductor materials because it has the higher photoelectric 
and total attenuation coefficients over wide energy range from 100 keV to 1 MeV. CdTe and CdZnTe detectors 
have several attractive features for detecting X-ray and low energy gamma ray. Their relatively large band gaps 
lead to a relatively low leakage current and offer an excellent energy resolution at room temperature. A 
literature survey and bibliography was also included.  
 
 

1. INTRODUCTION 
 

The ability to detect and perform energy-dispersive spectroscopy of X-rays and gamma-rays 
is of great importance since it makes possible a wide variety of analysis and imaging 
techniques, X-ray fluorescence spectroscopy, for example, is a powerful tool often employed 
for atomic analysis of materials and is very familiar to scientists working in many fields. 
However, the use of the technology has generally been limited to the laboratory since, in the 
past, the detectors and spectrometers that offered high resolution spectroscopic capabilities 
were limited to operation at cryogenic temperatures. However, the technology of radiation 
detectors and spectrometers operating at room temperature has matured to the point that it is 
poised to impact areas far beyond those associated with basic scientific applications [1]. 
 
The reason for this is that the ability to grown a number of semiconductor materials with the 
properties required have been investigated and tested for use in radiation semiconductor 
detectors operating at room temperature with energy resolution better than that of scintillation 
and gas counters. Wide gap semiconductor materials give a lower leakage current at room 
temperature, but the comparatively high average electron-hole pair production energy, 



characteristic for these materials, decrease the number of carriers produced, which degrades 
the energy resolution. Detectors fabricated on the basis of CdTe, CZT, GaAs, HgI2 and TlBr 
possess acceptable energy resolution [2]. 
 
This paper is a review of recent advances in compound semiconductor radiation detectors, 
such as thallium bromide (TlBr), cadmium zinc telluride (CdZnTe) and cadmium telluride 
(CdTe) crystals detectors. Gamma-ray spectrometers are important tools to identify and 
locate special nuclear material. The requirements for good gamma-ray spectrometers include 
good energy resolution with high detection efficiency and easy portability. Currently, 
scintillation spectrometers or semiconductor detectors are commonly used for monitoring of 
nuclear materials. Scintillation spectrometers typically suffer from poor energy resolution 
while semiconductor detectors are costly and available in limited sizes. The charge transport 
properties of CZT and CdTe have been noticeably improved over the last few decades [3].  
 
TlBr has higher stopping power compared to common semiconductor materials because it has 
the higher photoelectric and total attenuation coefficients over wide energy range from 100 
keV to 1 MeV [3,4]. CdTe and CdZnTe detectors have several attractive features for 
detecting X-ray and low energy gamma ray. Their relatively large band gaps lead to a 
relatively low leakage current and offer an excellent energy resolution at room temperature. 
Imaging detector development using compound semiconductors, currently focussed on 
medical imaging continues to be dominated by CZT- and CdTe-based devices [5].  
 
Obtaining high-energy resolutions has been one of the main issues of the research on 
compound semiconductor detectors for the past several decades. In order to improve energy 
resolutions, various methods, including pulse shape discrimination, single polarity charge 
sensing technique and fast signal digitizing technique, have been applied to CdTe, CZT and 
TlBr detectors [6].The technological challenges of these materials are summarized and the 
prospects for future imaging array detectors highlighted. 
 
 
 

2. TlBr DETECTORS AND EXPERIMENTAL SETUP 
 
The first attempts to use TlBr as a material detectors were unsuccessful because the crystals 
grown were too impure and had structural imperfections. TlBr crystals suitable for detectors 
were grown only in the 1990s [7]. 
 
TlBr detectors has been fabricated from a crystal grown by the traveling molten zone method. 
Usually the starting material for crystal growth is commercially available TlBr powder with 
nominal purity of 99.999 %. The supply of monocrystalline detector grade TlBr continues to 
be limited to a small number of institutes or companies. Among wide bandgap 
semiconductors, TlBr (2.68 eV) is one of the most promising as a room temperature radiation 
detector [3,5,7]. Its high stopping-power [Zeff = (81+35)/2 = 58] and density (7.56 g/cm3) 
make it suitable as for space astrophysics as well for medical applications. Unfortunately, the 
material is toxic and soft. As a result, the manufacturing processes are not developed 
completely for making high-quality crystals, and detector’s transport properties are plagued 
by material problem [8]. These problems are mainly related to material purity and crystal 
quality [8,9].  
 



Just like other semiconductor detector materials, there is a strong relationship between TlBr 
purification and its charge transport parameters as published by the Tohoku Institute of 
Technology group. So, rigorous purification is critical to improving detectors. In accordance 
with Kim et al. [3] they purchased commercially available 5 N (99.999%) pure powders as 
starting material and then purified them by multiple pass zone refining in a horizontal 
furnace. The crystal growth was performed in a very similar manner except that the speed of 
a heater was reduced to get better crystallization. For the array detectors, a pixellated mask 
was used to get desired pattern on one side of detector and a full contact was deposited on the 
other side. Energy spectra were collected from the inner pixels using pulse processing 
electronics. Fig. 1(a) shows a 241Am spectrum obtained from a pixel of the 18 mm thick TlBr 
array. The device was biased to 1950 V and operated at room temperature. “Presence of the 
60 keV photopeak indicates that the full thickness of the device is active since most signal 
induction occurs when electrons reach the anode. Note that the mean penetration depth of 60 
keV photons is approximately 300 mm in TlBr; thus most charge generation occurs near the 
cathode and electrons must traverse nearly the full device thickness to generate a photopeak 
signal. For the gamma energy of 662 keV, the peak is clearly seen’, as shown in Fig. 1(b). 
The authors had concluded that “recent improvements in material purification and detector 
processing allowed the fabrication of 18 mm thick TlBr array that exhibited a photopeak 
when irradiated with 60 keV photons from 241Am. The 60 keV photopeak indicates that the 
full device thickness is active. Also, mobility–lifetime product (µt) of holes as high as 4X10-4 
cm2/V has been obtained from highly purified TlBr. This approaches the (µt)h value for 
cadmium telluride (CdTe)”.  
 

 
 
Figure 1. 241Am (a) and 137Cs (b) spectra obtained from one pixel of 18mm thick TlBr 
semiconductor detector at room temperature by Kim et al. [3]. 



Fig. 2 shows 137Cs spectra obtained from the TlBr detector 1mm thick operated at 200 V as a 
function of the gamma-ray interaction depth obtained by Hitomi et al. [6]. “The cathode of 
the detector was irradiated with the source. The spectra were acquired for 2 h in real time. 
The data were analyzed on a PC event by event to determine the depth of interaction by 
taking the Gaussian shaping amplifier signal to gated integrator signal ratio. The calculated 
ratios were grouped into 20 bins (20 DOI parameters) in this measurement.  The best energy 
resolution of 3.3% FWHM at 662 keV was recorded at DOI parameter 15 (near-cathode 
events)” as shown in Fig. 3. 
 

 
Figure 2. 137Cs spectra obtained from a TlBr detector 1mm thick with and without 
gated integration. The bias voltage was 200V. The detector was operated at room 
temperature. (Hitomi et al. [6]). 

 

 
 

Figure 3. 137Cs spectrum at the DOI parameter 15 extracted from Fig. 2. (Hitomi et al. 
[6]). 

 



According to Kozlov et al. [9], “the process of TlBr purification can be improved by 
combination of distillation, Bridgman–Stockbarger, hydrothermal recrystallisation and 
travelling molten zone (TMZ) methods. However, the crystal quality did not allow 
approaching better detector performance. Attempts to improve the crystal growth in the 
Bridgman–Stockbarger method deteriorated simultaneously the purity of ingot by dissolution 
of crucible components during the crystal growth”. In its work, they continued to use the 
combination of different purification methods and study the crystal growth by the TMZ 
method. “The samples prepared from different positions along the length of the ingot were 
characterised by X-ray diffraction rocking curve method, FTIR spectroscopy and by 
measuring electrical properties at temperatures from 200 to 300 K. Although the combination 
of purification methods was effective, higher purity is needed for suppressing the device 
polarisation. The correlation found between X-ray rocking curve, IR spectroscopy and 
conductivity measurement methods could be used for the quick device diagnostics”. 
 

Recent developments in TlBr material preparation and growth technology have led to much 
improved crystal quality, detector performances and most importantly, reproducibility. 
Shorohov et al. [10] describe “some of the technological steps they have developed that have 
allowed us to produce reproducible spectrometric grade crystals for detector applications and 
present spectroscopic results. Typical crystals have a specific resistance of (3-5) x 1011 Ohm-
cm and mobility-life time products of about ~10-4 cm2 /V, for both electrons and the holes. 
After fabrication into simple planar detectors of area 5 times 5 mm2 and thickness 2 mm, 
spectral resolutions of 0.8, 1.4, 2.1, and 7.1 keV, have been achieved at incident energies of 
5.9, 59.6, 122, and 662 keV, respectively”. These results were obtained without collimation 
or employing single carrier sensing or depth correction techniques. 

 
In order to evaluate the long-term stability of a TlBr detector 0.36mm thick, 137Cs spectra 
were acquired for a period of 600 h at room temperature also by Hitomi et al. [6]. “One 
electrode of the detectors was irradiated continuously with gamma-rays from a 137Cs source. 
The irradiated electrode was connected to the ground and the bias voltage of 7100 V was 
applied to the opposite electrode constantly. The polarity of the bias voltage was reversed at 
every 24 h. Fig. 4 shows a time variation of the full-energy peak position for 662 keV 
gamma-rays obtained from the TlBr detector with the gated integrator. The peak positions 
were measured every 1 h”.  
 
 

3. CdTe AND CZT DETECTORS AND EXPERIMENTAL SETUP 
 
 
“Interest in wide-gap semiconductor compounds CdTe and CdZnTe has increases sharply in 
the last 10 years because these crystals could be useful for small ionizing radiation detectors, 
do not require cooling by liquid nitrogen, and gave high gamma-ray detection efficiency. The 
energy range of the gamma radiation detected by these crystals is 20-3000 keV and the 
working temperature ranges from -40 up to 50 ºC. The energy resolution of gamma-ray 
spectrometers based on CdTe and CZT is several percent. These properties are determined 
by, first and foremost, the presence of a wide band gap (1.5 – 2.2eV) and a large average 
atomic number (Z=50)” [11]. 
 
 



 
Figure 4. Time variation of the full-energy peak position for 662keV gamma-rays 
obtained from a Tl/TlBr/Tl detector 0.36mm thick at room temperature. The polarity of 
the bias voltage (100V) was reversed at every 24h. The peak positions were measured 
every 1h [6]. 
 
 
“Vapor growth of large crystals required the use of large (50 cm in diameter) and therefore 
scarce and expensive CdTe substrates and resulted in the growth of strained deposits with 
tellurium precipitates by Pavlyuk et al. [12]. The use of more easily obtainable and cheaper 
GaAs substrates led to a heavy (2x1015cm-3) CdTe contamination with Ga atoms. These exist 
in CdTe in the form of electron traps (A centers) that decrease the lifetime of electrons and 
make the deposits unsuitable for manufacturing X-ray detectors. The deposits 109 Ω cm in 
resistance were grown on single-crystal Ge substrates 100 mm in diameter. However, Ge is 
known to form a deep level in the forbidden zone of CdTe; therefore, a suficient quantum 
yield could only be obtained with the radiation energies below 40 keV while deposit 
thicknesses were less than several hundred micrometers”. Yet, Shiraki et al. [13] have grown 
“extraordinarily large CdTe single crystals (100 mm in diameter) from solution in Te melt; 
they used the travelling heater method with which 20-mmdiameter crystals were typically 
obtained. The aim was to use the material obtained for X-ray imaging. Solution-grown 
crystals typically contain a number of tellurium inclusions, which is objectionable bearing in 
mind the general trend of making multielement detectors with smaller and smaller pixel or 
strip size”. Low-angle boundaries were observed in solution-grown CdZnTe crystals by 
Bolotnikov et al. [14]. 
 
The effect of the CdTe surface treatment in the various solutions combined with deposition of 
the different metals as an electrode to define the best combination for both n- and p-type 
materials was studied by Nahlovskyy et al. [15]. “Despite having similar surface roughness, 
electrical properties of the surfaces treated in different etching solutions differs. In semi-
insulating n-type CdTe thermally deposited on the surface treated in HI-solution gives 
electrical contacts with the best characteristics. In p-type material chemically deposited gold 
in combination with treatment in HBr-solution proves to be the best”.  
 

CdTe devices and instruments are sold today for environmental monitoring, waste 
remediation, industrial gauging, monitoring nuclear materials, and medical instrumentation. 
However, CdTe detectors are relatively expensive and are limited to small sizes, which  
makes the instruments less sensitive to gamma emitting sources, and the leakage currents are 



too large to many X-ray applications [1]. The growth of detector grade CdZnTe (CZT) 
crystals has been pursued because CZT offers a more immediate solution to the problem of 
noise due to  leakage current, and the crystals can be grown to larger sizes at a reduced cost 
compared to CdTe [1]. 

According to Marchini et al. [16] in recent years “CdZnTe has emerged as a very promising 
material for the fabrication of room temperature X- and gamma ray detectors. However, the 
large-scale production of these detectors is limited by the low yield of material with the 
required material properties, i.e., high resistivity, high carrier mobility lifetime product, and 
low inclusion density. In particular, detectors for X-ray imaging require a very good material 
homogeneity to ensure a uniform pixel-to-pixel response”.  

 
The spectrometric performance of the CdZnTe ring detectors was investigated by Bulycheva 
et al. [17] “using a complete detection unit. The detection unit is a functional unit comprising 
preliminary amplifier, HV converter with bias voltage circuits adjustment for detector’s 
electrodes, system for temperature stabilization of the detector crystal, the outer cooling 
system with Peltier cooler that enables operability of the detection unit at temperatures of up 
to 65 ºC. More than 10 detectors, each with an area of 5x5mm2 and thickness of 0.5–1.5 mm, 
were manufactured by them.  The resistance between the neighboring ring structure elements 
at 10 V was higher than 55 GΩ for all the detectors. The detectors’ bias voltages were in the 
range 100–140 V and their optimum shaping time was within the range 0.8–1.5 ms. The 
optimum working temperature of the detectors was +20ºC on collection of charge in middle 
and high energies 20–600 keV, and 0 to -20ºC in the low energy range (below 20 keV). 
Evidently, more cooling was required at the registration of low energies to decrease the 
leakage current of detectors and thus to get better energy resolution at these energies. The 
best spectra of Am-241, Co-57 are presented in Figs.5 and 6. Energy resolutions 0.92 and 
1.63 keV were obtained for the detectors at energies of 59.6 and 122 keV, respectively. The 
measurements show that the detectors’ energy resolutions are almost identical in 
hemispherical and drift modes. But, the registration efficiency at 122 keV is about 1.5 times 
higher in the drift mode than that in the hemispherical mode. The peak/background ratio was 
56.1 for hemispherical mode and 20.8 for the drift mode”. 
 

 
Figure 5. 241Am spectrum of CZT ring detector (T=-6ºC, shaping time 1.4µµµµs) (0.92keV 
resolution at 59.6 keV) by Bulycheva et al. [17]. 



 
Figure 6. 57Co spectrum of CZT ring detector (hemispherical mode) (1.63keV resolution 
at 122keV) by Bulycheva et al. [18]. 
 
 

4. CONCLUSIONS 
 

The recent advances in compound semiconductor radiation detectors were reviewed, covering 
TlBr, CdTe e CZT crystals. These detectors potentially offer excellent detection efficiency at 
higher photon energies. Good spectroscopic performance has been reported by groups.  
 
The need to obtain high purity, stoichiometric crystals has motivated the development of new 
processing methods and improved crystal growth procedures. Such preparation of crystal 
surfaces before deposition of the contact electrodes ensures higher energy resolution and 
higher stability of the detectors. It was observed that the a ability to obtain high purity 
material and grown large single crystals containing a relatively low number of defects and the 
development of suitable fabrication techniques still are necessary prerequisites for the 
production of good quality detectors. In contrast to CZT, CdTe material tends to have better 
monocrystalline uniformity, although with reduced resistivity and greater sensitivity to 
charge polarization effects. 
 
It is hoped that the more intuitive description of the relationships between instrument design 
and performance for detection applications developed by many groups will lead toward 
optimized design and application of radiation spectrometers in the future. 
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