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Introduction 

There have been attempts to develop room temperature 
X- and gamma-ray semiconductor detectors for various 
applications. Over the past decade, new compound 
semiconductors, with properties suitable to be used as 
room temperature detectors, have been studied to be 
developed as possible alternatives to Si and Ge semi-
conductors for charge particle and photon detection 
[13, 16, 18]. The application of these detectors has been 
somewhat restricted, since Ge detectors provide high-
-resolution capabilities only at cryogenic temperatures 
(77 K), because of their low resistivity at room tem-
perature, and Si detectors exhibit sufficient detection 
efficiency only for low energy rays (less than 20 keV), 
due to their low photon stopping power at higher ener-
gies. Thus, there has been a strong interest in developing 
semiconductors that have high photon stopping power 
and may operate at room temperature. The main physi-
cal semiconductor properties required for fabrication 
of room temperature semiconductor detectors are: 
(1) high atomic number; (2) high density; (3) high 
absorption coefficient; (4) a band gap large enough to 
keep leakage currents low, at room temperature and 
(5) large electron and hole mobility-lifetime products, 
for an efficient charge collection [7, 13, 16, 18]. Among 
these types of detectors, HgI2 has emerged as a par-
ticular interesting material in view of its wide band gap 
(2.13 eV) and its large density (7.5 g/cm3). HgI2 crystals 
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are composed of high atomic number elements (ZHg = 
80 and ZI = 53) and have high resistivity (>1014 Ω.cm) 
[13]. These are important factors in applications where 
compact and small thickness detectors are necessary for 
X- and gamma-ray measurements. However, the appli-
cations of HgI2 are limited by the difficulty in obtaining 
high-quality single crystals [7, 13, 16, 18]. 

There is agreement in the literature on the difficulty 
in growing crystals with high crystallographic perfection, 
high chemical purity and good stoichiometry, suitable to 
be used as room temperature semiconductor detectors 
[4, 8, 9, 13, 16, 18]. These basic requirements should be 
met at various stages in the manufacture of the detector. 
The procedures for obtaining the radiation semiconduc-
tor detector comprise: (a) purification of the starting 
material, (b) crystal growth, (c) crystal surface prepara-
tion, (d) preparation of ohmic contacts, (e) mounting on 
a rigid substrate and (f) detector encapsulation. Each 
of these stages can affect the crystalline quality and 
introduce defects and imperfections, deteriorating the 
radiation detector response [4, 7–9, 13, 16, 18]. 

Several studies [1–4, 6, 10, 11, 14, 20–24, 26] have 
been carried out about the preparation of the HgI2 
semiconductor detector and progresses have been made 
by the improvement of the techniques of purification, 
growth and characterization of the crystal. However, 
problems still exist and to grow HgI2 crystals with suit-
able purity to be used as a room temperature radiation 
detector is a technological challenge. The impurities, 
which act as charge carriers trap, influence the charge 
carrier lifetime, affecting the detector efficiency [1, 6, 
11, 26]. 

Most semiconductor crystals are grown by the fu-
sion technique. However, the HgI2 undergoes structural 
phase transition below its melting point (259°C), what 
makes its growth by fusion technique [10, 14] more 
difficult compared to PbI2 (405°C) and TlBr (468°C). 
Thus, other techniques, such as physical vapor transport 
(PVT) [2, 24, 26] or saturated solution [20, 23] are more 
recommended for the growth of HgI2. 

In this work, two methods were developed for the 
HgI2 growth, namely, the physical vapor transport 

(PVT) [22, 23] and the saturated solution from di-
methylsulphoxide (DMSO) complex methods. The 
obtained crystals by the two methods were characterized 
considering the following physical chemistry proper-
ties: crystal stoichiometry, crystal structure, orientation 
of crystallographic plane, crystal surface morphology 
and crystal impurity. The influence of these physical 
chemistry properties on the crystals developed by the 
two techniques was studied, evaluating their perfor-
mance as a radiation detector. 

Experimental procedure 

The commercially available HgI2 powders (Alpha 
Aesar), with a nominal purity of 99.9%, was used 
as the starting material for growing crystals. The crystals 
were grown by PVT and DMSO complexes Saturated 
Solution techniques. 

The schematic diagram of the oil-bath furnace, used 
for HgI2 crystal growth from PVT is shown in Fig. 1A. 
For growth, the borosilicate glass ampoules were filled 
with 5 g of HgI2 salt, evacuated at 90°C for 15 min and 
subsequently sealed, aiming the salt dehumidification, 
the HgI2 vapor loss prevention and the addition of con-
taminants. Next, the ampoule containing HgI2 salt at the 
bottom is placed in a bath of silicone oil and wrapped 
in a metal casing. The heated HgI2 salt sublimes to 
the upper region of the ampoule, being deposited in the 
heat exchange region, where the crystalline structure 
is formed. The raw material residual remained at 
the ampoule bottom. Following the same procedure, the 
crystal obtained at the upper region was grown twice, 
aiming to obtain a purer crystal. 

For the DMSO complexes saturated solution tech-
nique, 25 g of the HgI2 salt was added to 250 ml of 
DMSO solution under constant agitation and a colorless 
solution was formed. After that, this solution was left 
to stand covered with a filter paper. Evaporation of the 
solvent should be quite slow, what is of fundamental 
importance for the formation of good crystal lattices. 
As the solvent evaporates, the HgI2 salt is assembled 

Fig. 1. Schematic diagram of the oil-bath furnace for crystal growth by: (A) PVT technique: (a) water flow for cooling, (b) 
heat exchange region, (c) crystal, (d) silicone oil, (e) glass ampoule, (f) salt and (g) controllable heating plate and (B) DMSO 
solution containing HgI2 crystals and some sampling of the selected crystals from the DMSO saturated solution. 
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at the bottom of the glass due to its lower solubility 
and, consequently, the HgI2 solubilized forms crystals 
(Fig. 1B). The crystals grown in the DMSO solution 
were selected in terms of their appearance and dimen-
sion, as shown in Fig. 1B. The selected crystals were 
re-grown in order to obtain purer crystals, since impuri-
ties are expected at each growth. 

For physical-chemistry characterization, the im-
purity concentration, the surface morphology and the 
stoichiometry of the HgI2 crystal were analyzed by 
the scanning electron microscopy with back-scattered 
electron (SEM-BSE) technique, using the scanning 
electron microscopy (SEM-BSE), LX 30 Philips model. 
The crystalline quality and structural characterization 
of the HgI2 crystal were analyzed by X-ray diffraction 
(XRD). X-ray diffraction patterns were obtained in a 
Siemens (D5005) diffactrometer, using CuKα radiation 
(2θ ranging from 10 to 100°). 

The schematic diagram of the detector and its 
connection to a preamplifier for radiation response 
measurements is shown in Fig. 2. For crystal resistance 
R (MΩ) measurements, the preamplifier (A250F 
Amptek) input (Fig. 2) was disconnected and the bias 
current measured with a Keithley Multimeter (mod. 
619). Previously, the HgI2 crystals were cleaved and 
prepared as radiation detectors by the ring electrode 
paintings. The electrodes were made with colloidal car-
bon painting, ViatronixTM. The electrode areas were 2.5, 
24.8 and 10.0 mm2 for crystals grown by twice PVT, 
DMSO and once PVT, respectively. The electrode 
areas were determined from a picture of the crystals 
contained a well-known reference object. The picture 
of electrode area was processed in a CAD software 
(ZWCADTM 2009i Professional version) being inscribed 
in a polyline capable of defining its area with an error 
of 1%. The detector thickness was measured with a 
micrometer with an uncertainty of ~20%. The resistivity 
was calculated using Eq. (1) [12] 

(1)  

where R is the resistance determined by the slope of the 
curve current (A) vs. bias (V) (Fig. 6), A is the electrode 
area and l is the thickness of the crystal. The uncertainty 
Δρ in the resistivity ρ was estimated by Eq. (2): 

(2)  

where ΔR is the estimated uncertainty for the R 
parameter, ΔA is the estimated uncertainty for the area 

determination (assumed as 1%) and Δl is the estimation 
uncertainty for the crystal thickness (assumed as 20%). 

For measurements of pulse height spectra, the 
output from A250F charge sensitive preamplifier was 
connected to a 450 EG&G Ortec Research Amplifier 
at 10 μs shaping time and to EG&G 918A multichan-
nel analyzer, to obtain the pulse height spectra. HgI2 
crystal detectors were excited under a 59 keV 241Am 
(400 kBq) gamma source, biased with 150 V (Fig. 2). 
All measurements were carried out at room tempera-
ture, 24 ± 2°C. 

The lower limit of detection (LD) is defined as 
the smallest amount of activity that can be detected with 
statistical significance. LD can be calculated as [17] 

(3) 

where RB is the background count rate and T is the count 
time and cpm means counts per minute. 

The minimum detectable activity (MDA) is defined 
as the smallest amount of activity that can be quantified, 
and it is defined as: 

(4) 

where: ε – counting efficiency; A – electrode area. 

Results and discussion 

In Fig. 3, the crystal obtained from two successive 
growths by the PVT method, is shown as it follows: the 
brilliant dark red colour crystal is grown with a 15 mm 
maximum diameter and 20 mm in thickness (Fig. 3a), 
after cleavage (Fig. 3b) and enlarged 50 times with an op-
tical microscope (Fig. 3c): a deep red colour and glossy 
surface may be observed. The HgI2 crystals obtained by 
the PVT technique were re-grown twice in order to be 
purified, since the reduction of impurities is expected at 
each growth. Figures 3c, 3d and 3e present the crystal 
re-grown by DMSO solution, cleavage and enlarged 
50 times, respectively. Crystals of 1 cm2 superficial area 
and 0.5 cm in thickness with regular angulations plus 
uniform and transparent surface were obtained, as it 
may be observed in the figure. 

The typical X-ray diffraction patterns of the cleavage 
surface from HgI2 crystals grown by PVT and DMSO 
techniques are shown in Fig. 4. No significant differ-
ence was observed in the diffraction pattern between 
the crystals grown by both techniques. The results 
show that the crystals have a similar structure to the 
tetragonal crystalline pattern of the HgI2. The X-ray 
diffraction pattern indicates that both crystals are, 
preferentially, oriented in the (001) and (101) direc-
tions. Similar results were found by Ariesanti et al. [1]. 
The lower intensities observed on the diffraction pat-
tern from DMSO crystal (Fig. 4b) could be attributed 
to the misorientations, absorption related with defects 
or impurities in the crystal. However, these imperfec-
tions seem have not affected the crystal structure, as 
presented in Fig. 4. Thus, this lower intensity found in 
DMSO crystals may possibly be due to the superficial 
defects in the crystal surface. Further studies should be 
made to understand this behaviour. 

Fig. 2. Diagram of the associated electronics to the HgI2 
semiconductor detector for radiation measurements. 
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Fig. 3. Crystal original form re-grown by PVT (a) after the cleavage (b) and magnified 50× with optical microscope (c). HgI2 
crystal original form re-grown by DMSO complex (d) after the cleavage (e) and magnified 50× with optical microscope (f). 

Fig. 4. X-ray diffraction pattern of HgI2 grown by PVT (a) and DMSO (b) techniques. 
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Figure 5 shows the micrographs of the scanning elec-
tron microscopy with back-scattered electrons (SEM-
-BSE) carried out in the HgI2 cleavage wafer from the 
crystals grown twice by PVT and DMSO complexes, in 
order to evaluate the quality of the HgI2 cleavage wafer 
surface. For crystal grown by DMSO, the roughness and 
the incrustations of the distinct elements may already be 
detected, clearly, magnifying the image only 120 times 
(Fig. 5b). On the other hand, for a crystal grown by PVT, 
a structure with uniform layers may be observed, even 
magnifying the image 5000 times (Fig. 5a), indicating a 
good orientation in structure of this crystal. 

Additionally, SEM-BSE technique provides a semi-
-quantitative scanning of the elements present on the 
surface of the crystal, as well as the stoichiometry of 

HgI2. The elemental compositions of the crystal sur-
faces in the HgI2 grown are shown in Table 1. As it can 
be seen from this table, an appropriate stoichiometry 
was found. For example, the Hg atomic percentage 
of the HgI2 crystal grown by PVT was 29.51, while for 
the I2 it was 55.68 (Table 1a), corroborating a good 
stoichiometry. Other elements were observed in the 
trace form, acting as impurities in the crystal. In 
Table 1 the elemental composition of the HgI2 crystal 
grown by DMSO complexes is also summarized. Al-
though the suitable stoichiometry of HgI2 (at.% Hg = 
28.46, I2 = 54.45) was found, a significant amount of Si 
was identified (Table 1b). The contents of 21.52% Si 
in the crystal was not expected, taking into account the 
trace amount of Si found in the HgI2 salt used for growth 

Table 1. Elemental composition of the HgI2 crystal surface grown by PVT (a), DMSO solution (b) and the HgI2 residual salt 
after the crystal growth by PVT (c) 

Element Weight (%) Atomic % Uncertainty (%)

(a)

Crystal grown by PVT 

O   1.50 12.47   11.90
Al   0.10   0.49 141.02
Si   0.26   1.22   48.97
Hg 44.65 29.51     1.63
K   0.18   0.62   58.85
I 53.30 55.68     1.59

(b)

Crystal grown by DMSO
Si 21.52 59.76     1.43
Hg 35.43 13.78     2.09
I 43.06 26.46     1.88

(c)

HgI2 residual salt from 
PVT

O 23.92 53.28   16.61
Na   2.11   3.27     1.44
Mg   1.94   2.84     1.52
Al   5.18   6.84     3.84
Si   2.73   3.47     2.02
Hg 24.46   4.35     6.54
K 23.49 21.41   19.99
I 16.17   4.54     3.65

Fig. 5. Micrographs of the HgI2 crystal surface grown by PVT (magnified 5000 times) (a) and DMSO complexes (magnified 
120 times) (b). 

(a)                           PVT                                             (b)                            DMSO
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as well as that Si values estimated for crystal grown by 
PVT and its material residual (Table 1). This suggests 
a Si contamination in the HgI2 crystal from the silicone 
oil used as heating bath for crystal growth, since in the 
DMSO technique, the HgI2 salt is immersed in DMSO 
complex inside an open glass recipient (Fig. 1). Silicone 
oil is a polymerized siloxane with organic side chains 
which are formed from alternating silicon-oxygen atoms 
(...Si-O-Si-O-Si...). Thus, although silicone oil demon-
strates temperature-stability and good heat-transfer 
characteristics, it can have volatilized and contaminated 
surface of the HgI2 crystal during the growth [15]. From 
the results of diffraction pattern, as shown in Fig. 4, it 
can be realized that no modification in structure and 
orientation of the crystal was presented, suggesting the 
contamination occur only in the crystal surface. How-
ever, a further study should be carried out to understand 
these results. Furthermore, due to the high intensity 
of the Si peak in the DMSO crystal, it was not possible 
to identify the peaks of the other trace elements present 
as impurities in the PVT crystal. 

The elemental composition determination from the 
residual salt after the crystal growth by PVT was per-
formed to evaluate the efficiency of HgI2 purification by 
the PVT technique. Samples from the residual HgI2 salt 
were evaluated by the SEM-BSE technique (Table 1c) 
and compared with those obtained for the HgI2 crystal 
grown twice by PVT (Table 1a). The presence of sig-
nificant amounts of impurities can be observed, namely, 
O, Na, Mg, Al, Si, K, mainly potassium (21.41%) and 
oxygen (53.28%), which were higher than those of Hg 
(4.35%) and I (4.54%). The stoichiometry of HgI2 was 
not followed in this sample, contrary to that found in the 
HgI2 crystal grown. This result demonstrates the efficacy 
of the PVT technique to purify the starting material. 

After the HgI2 crystal preparation as a radiation 
detector, its performance in response to radiation was 
carried out. The function between the applied bias vs. 
leakage current for the crystal grown by PVT and DMSO 
solution techniques are shown in Fig. 6. The resistivity 
determined for the grown crystals are summarized in 
Table 2. As it can be observed in Fig. 6 and Table 2, 
the leakage current of the crystal grown twice by the 
PVT technique allowed to apply a higher voltage to 
the detector, despite the resistivity value of the HgI2 
crystal grown twice by PVT technique, which is lower 
(85 MΩ.cm) when compared to the values of the crystals 
grown by PVT once (440 MΩ.cm) and the DMSO solution 
(640 MΩ.cm). These resistivity values are close to that 
obtained experimentally by other authors [5, 23]. Apply-
ing a higher voltage on the twice PVT crystal, the charge 
carriers produced by radiation may be collected more 
easily, resulting in detectors with better efficiency. Also, 
it should be emphasized that the crystals grown twice by 
PVT present a high correlation between the current and 
bias values up to 140 V bias, while crystals grown once 
by PVT and DMSO solution presented high noise above 
130 V and 90 V, respectively. It is important to emphasize 
that crystals operating at higher voltages accelerate the 
charge carriers and facilitate their collection. 

The response of radiation detectors produced by 
PVT and DMSO procedures is shown in Table 2. The 
detector crystal prepared from the purified HgI2 salt, 
subjected to two growths by PVT was sensitive to alpha 
and gamma radiation and very sensitive to light, while 
those from the crystal grown once by PVT (not purified) 
showed less sensitivity to light, probably due to the pres-
ence of impurities in higher concentrations. The detector 
prepared with the crystal grown by the DMSO saturated 
solution was only sensitive to alpha radiation and light. 
The low sensitivity of the detector from the HgI2 crystal 
obtained by DMSO may be due to a higher amount of 
impurities in the crystal, combined with roughness and 
a non-uniform surface, as shown in Fig. 5. 

Figure 7 illustrates the pulse height spectrum 
obtained for HgI2 grown twice by PVT, using a 241Am 
gamma source (59 keV) for the crystal excitation. Previ-
ously, the measurement was carried out to evaluate the 
background radiation (BKG) and the electronic noise, 
as shown in the bottom curve in Fig. 7. Thereafter, the 
spectrum of a 241Am (400 kBq) was performed to estab-
lish the quality of the crystal to operate as a low--energy 
detector. The detection limit, LD, was equal to 6.72 
counts per minute (cpm) and the minimum detectable 
activity (MDA) was 2.05 Bq/mm2. As it can be observed 
from this figure, the twice PVT detector was capable 
of presenting radiation response and pulse height with 
recognizable features under gamma-ray excitation. 
Although the resolution FWHM (full width at half maxi-
mum) at the 59 keV peak, considering only the right 
side was, ~11%, which can be considered relatively poor 
compared with that described in the literature for other 

Fig. 6. Current vs. bias of HgI2 detectors for crystals grown 
once and twice by PVT and DMSO solution. 

Table 2. Radiation response of the HgI2 detectors grown by different procedures 

HgI2 HgI2 HgI2

Crystal growth method Purified PVT (grown twice) PVT (grown once) DMSO 
Sensibility α, γ and light α, γ and light α and light
Resistivity 8.5 × 107 Ω.cm 4.4 × 108 Ω.cm 5.9 × 108 Ω.cm
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promising room temperature semiconductor detec-
tors, like TlBr (FWHM ~4%) [19] and CdTe (FWHM 
~2%) [25]. To obtain better resolution, it is necessary 
to improve the charge collection [1]. This goal may be 
achieved by improving: (a) salt purification in order to 
decrease the charge traps, (b) detector electrodes, (c) 
surface treatment. A continuous effort for overcoming 
these suggestions can be observed in the literature and 
improvements have been achieved in the fabrication 
technology of HgI2 detector [1, 2, 6, 14, 23, 24]. How-
ever, there are still limitations that inhibit their com-
mercial availability and remain a technological challenge 
and study purpose of the major international centers. 
For the HgI2 crystal grown by DMSO saturated solu-
tion, no radiation response was observed when excited 
with gamma radiation, probably due to the interference 
of the high leakage current in the occasional radiation 
signal detection. It was possible to observe the radiation 
response only under 241Am alpha radiation (5.4 MeV) 
in the current mode. The detection, in the pulse mode, 
was not observed due to the low radiation response 
and high noise signal. Further studies should be per-
formed to evaluate the influence of the crystal impurities 
and crystalline quality on the detector performance. 

A better performance was found for the crystal 
grown twice by the PVT technique compared with 
that grown once (without purification), although its re-
sistivity was smaller, what may be attributed to its better 
purity, which allows to apply higher voltage. Thus, the 
charge carriers produced by radiation can be collected 
more easily, achieving better detector efficiency. 

For more accurate information on the performance 
of HgI2 radiation detectors, concerning trace impurities 
present in the crystal, more studies evaluating the re-
sponse of the detector, in each purification process, are 
necessary. It is expected that detectors with better reso-
lution may be obtained using crystals with high purity, 
what, consequently, increases the collection charge. 

Conclusion 

The HgI2 crystals grown by PVT method presented bet-
ter performance as radiation detectors compared to the 
DMSO solution. Also, the PVT was effective to reduce 
the concentration of HgI2 impurities. The HgI2 crystal 

grown by PVT presented pulse height with recogniz-
able features under gamma-ray excitation, although 
the resolution was poor. The detection limit, LD, was 
equal to 6.72 cpm and the MDA was 2.05 Bq/mm2. On 
the other hand, for the HgI2 crystals, grown by DMSO 
solution, no radiation response was observed under 
gamma-ray excitation. 

The response to radiation presented by HgI2 crystals 
grown still need to be improved. The resolution FWHM 
of 11% at the 59 keV peak can be considered relatively 
poor compared with that described in the literature 
for other promising room temperature semiconductor 
detectors, like TlBr and CdTe. The efficiency and the 
energy resolution of the detectors have been currently 
limited by incomplete charge collection. Further im-
provement of the detector performance can be achieved 
by investigating structural and surface properties, by 
optimizing the purification and growth techniques and 
progress in measurement conditions. 
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