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The temperature of the working environment is one of the key factors in determining the
properties of semiconductor detectors, and it affects the absolute accuracy and stability of the
standard detector. In order to determine the temperature coefficient of CdTe detector used
for X-rays detection, a precise temperature control system was designed. In this experiment,
detectors and radiographic source were set inside a thermostat with temperature of 0~40 °C,
so that the temperature can be regulated for the test of the temperature coefficient of CdTe de-
tector. Studies had shown that, with the increase of the temperature, the energy resolution
and detection efficiency of the CdTe detector would deteriorate, and under 10 °C the detec-
tors have better performance with the 8 keV X-rays.
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INTRODUCTION

The basic principle of semiconductor detector is
that the high voltage electric field is generated in the
semiconductor by a thin layer of metal electrodes on
the surface of semiconductor. Ionizing rays generate
electron-hole pairs in the detector when the rays get in-
side the semiconductor, the number of the elec-
tron-hole pairs is proportional to the energy of the inci-
dent particle. Electrons and holes move to different
electrodes, and are collected by the electrodes. The
electrical pulse signal is thus formed. Cadmium tellu-
ride (CdTe) is a type of compound semiconductor ma-
terials [1]. Compared with Siand Ge, CdTe has a larger
atomic number and higher density (p = 5.83 gem™),
hence it has better ability to prevent and absorb the
X-rays and gamma rays, so it has higher intrinsic de-
tection efficiency. Besides, CdTe detector also has the
advantage of small size and high resolution ratio. The
most remarkable characteristic of the CdTe detector is
that it can work at room temperature [2].Thanks to
these characteristics, CdTe detector has broad applica-
tion, including medical diagnosis [3].

Performance of the detector can be various at
different temperatures. Temperature characteristic is a
key factor that influences the absolute accuracy and
stability of a standard detector. CdTe detectors can be
operated at room temperature. But the temperature is
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changing, so the performance of the detector can also
be affected [4]. Thus, it is a significant work to carry
out the study on temperature characteristics of CdTe
detector within 0-40 °C and understand the influence
of temperature on CdTe detector's detection efficiency
and energy resolution.

EXPERIMENTAL FACILITY
Temperature control system

Temperature control system is thermostat de-
signed for the experiment. The thermostat uses the
technology of compressor refrigeration, as well as sta-
ble and reliable control technology. The control sys-
tem is independently researched and developed.
Equipped with a high resolution ratio true color touch
screen, it is user-friendly, convenient to operate and
has high control accuracy. Therefore, it can provide a
stable, accurate temperature environment, which
meets the needs of the experiment. As shown in fig. 1,
the thermostat temperature control system has a sepa-
rated structure, the thermostat and operation screen
occupy upper part, and supporting frame in the lower
part. The refrigerating compressor set is separately
placed behind the test chamber and connected by re-
frigeration pipe line. The system structure is compact
and takes up a small space.
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Figure 1. Diagram of the thermostat
(1) Touch screen, (2) viewing window, (3) supporting frame, (4) wheels, (5) angular glass, (6) hinge, (7) wire hole, (8) rays hole,
(9) refrigeration and heating set, (10) wheel of thermostat, (11) handle, (12) control panel, (13) power wire, (14) inflator nozzle,

(15) refrigeration tubes

The thermostat has a nominal capacity for 216 L,
controllable temperature range —20 °C ~ +100.0 °C,
fluctuation of temperature <+0.5 °C, uniformity of
temperature <2 °C, temperature deviation <£2 °C,
cooling rate >1 °C min~!, (+70 °C ~ =20 °C, zero load,
tested according to GB/T 5170.2-2008), warming rate
>3 °C min! (<20 °C ~ +70 °C, zero load, tested ac-
cording to GB/T 5170.2-2008), using low-noise high
efficiency scroll refrigeration compressor for refriger-
ation with an air-cooled engine for cooling, using
high-efficient stainless steel finned tube heater for
heating. The cycle air cooled machine for cooling is
highly reliable noise-proof motor and stainless steel
centrifugal impeller. In addition, temperature control
system has security control device for electric leakage
protection, phase sequence protection, incorrect oper-
ation protection, overpressure protection, overheating
(overload) protection, working fluid leakage alarm,
fan overheating (overload) protection, heater over-
heating protection, multiple temperature excess pro-
tection, program operation protection, and tempera-
ture warning. The thermostat has high stability, can
precisely adjust and control the experimental environ-
ment temperature to meet experimental requirements.

X-rays generation system

In the experiment an X-rays apparatus is used to
produce X-rays. X-rays apparatus consists of X-rays
tube, power supply and control circuit. High voltage
provides high pressure field, makes active electrons on
filament accelerated flow to anode, electron current
bombards the anode target, most of the power is con-
verted to heat, a small part of the power produces
X-rays by bremsstrahlung [5]. Figure 2 shows the
principle of X-rays apparatus. In the experiment, a mi-
cro X-rays apparatus is used, its maximum tube volt-
age is 50 kV, maximum tube current is 1.0 mA, and the
peak-power is 50 W.
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Figure 2. Principle of X-rays apparatus diagram

In the X-rays tube, the cathode launches out two
different X-rays spectra, produced from accelerated
electrons bombardment of the anode target, under high
voltage. One is continuous spectrum, uncorrelated
with the target material, the other one is linear charac-
teristic X-rays spectrum, which is uncorrelated with
accelerated voltage, but correlated with the target ma-
terial. Characteristic X-rays spectrum is produced by
inner shell electronic transitions of atoms. Inner shell
electrons are ionized when high-speed electrons bom-
bard the target atoms, holes are produced in the inner
shell, electrons from the outer shell transit to holes in
the inner shell where electromagnetic radiation spec-
trum, namely characteristic X-rays spectrum, is gener-
ated. Usually K, L, M, N... are used to represent princi-
pal quantum number (number of electron shells in
chemistry), n = 1, 2, 3, 4 ... represents energy level.
When the electron at n = 2 shell transits to the hole
at n = 1 shell, this radiation is known as the K, type.
When the electron at n =3 shell transits to the hole at
n=1 shell, this radiation is known as the K type so, n
=3 jump to n =2 shell is called L, type,n=4 jump ton
=2 s called Ly type efc. It is more intuitive to under-
stand mechanism of producing X-rays using XOP
software simulation of the spectrum of X-rays appara-
tus. Figure 3 shows X-rays spectrum of tungsten target
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Figure 3. X-rays spectrum of tungsten target at 20 kV by
XOP simulation

at20kV by XOP software simulation. In the figure, the
two peaks respectively correspond to K, and Kj char-
acteristic peak of tungsten target [6].

Control software of the X-rays apparatus dis-
plays temperature of the X-rays tube in real time. Tem-
perature of the X-rays apparatus is almost invariant
when changing the temperature in the thermostat dur-
ing the experiment, it always remains around 40 °C.
The effects of temperature change on X-rays appara-
tus could be omitted in the experiment.

CdTe DETECTOR TEMPERATURE
CHARACTERISTIC EXPERIMENT

To study the detection efficiency of the detector
one should determine the absolute photon number of
detector's location first. In the experiment, a standard
HPGe Detector is used for absolute photon number
measurement. The detection efficiency of the HPGe
detector has been calculated by Monte Carlo simula-
tion program. The photon number deposited in HPGe
Crystal can be recorded in different energy interval
with a defined parallel X-rays source, so the detection
efficiency in each energy interval can be calculated.
The results of simulation displayed that the maximum
energy that can be detected by the HPGe detector is
350.00 keV, the detection efficiency is high between
14.84 keV and 96.23 keV energy interval, can reach to
more than 90 %. Figure 4 shows the detection effi-
ciency in 2-18 keV energy interval. At about
11.00keV, the detection efficiency decreased obvi-
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Figure 4. Detection efficiency curve of HPGe for
(2-18) keV photons

Figure 5. Measured spectrum of X-rays tube by HPGe

ously because Ge elements are activated, photons can-
not be documented owing to the occurrence of K, and
Kj characteristic X-rays escape [7, 8].

Set the X-rays tube voltage at 20 kV, the energy
spectrum is measured with standard HPGe detectors,
as shown in fig. 5. Contrast with fig. 3, fig. 5 shows
that the characteristic peak appears around 8 keV with
20kV X-rays tube voltage. There are two peaks appar-
ent in the experiment.

The temperature characteristics is studied by us-
ing a CdTe semiconductor detector, the outermost of
the probe is a covering layer of beryllium window, un-
derside are CdTe crystals, electronics system, cooling
module and power system. A layer of platinum is at-
tached to upper surface of CdTe crystal, lower surface
is ceramic material for supporting, the whole detector
is wrapped up by stainless steel. X-rays apparatus and
CdTe detector are placed in the thermostat and it is
made sure the CdTe crystal faces directly to exit portal
of X-rays apparatus. Experiment device schematic is
shown in fig. 6. In order to guarantee the temperature
of the detector is same as environment temperature,
counting should begin after the thermostat has reached
the target temperature and it stayed stable for one hour.

When the temperature of thermostat is adjusted
from 0 °C to 40 °C with each interval of 10 °C, the
measured spectrum of the experiment is shown in fig.
7. The bimodal spectrum, shown in fig. 5 and fig. 3, ap-
pears when the temperature is 0 °C. There is only one
L, characteristic peak when the temperature is above
10 °C, meanwhile the energy resolution reduces. As
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X-ray apparatus CdTe detector

Figure 6. Diagram of CdTe temperature characteristics
experiment
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Figure 7. Spectra of X-rays tube at different
temperatures by CdTe detector

Table 1. Result statistics

Counts | Counts Detection Detection| Energy
Temperature the | in th efficiency ffici Tt
[°C] at the | in the at the peak efficiency resolution
peak | area [%] [%] [%]
0 64751 857879 61.32 80.96 6.95

10 51605 811334] 48.88 76.57 9.89

20 27350 615983 25.90 58.13 23.07

30 22944 |529171| 21.73 49.94 25.27

40 21910 |511700[ 20.75 48.29 31.15

the temperature increases the energy resolution be-
comes worse, while the detection efficiency decreases.
The total count of the detector at the characteris-
tic peak of L, is shown in tab. 1. The absolute number
of photons at the energy level can be measured by stan-
dard HPGe detector, which can determine the detec-
tion efficiency of CdTe detector, and understand the
effect of temperature on the detection efficiency of the
detector. The counts of the peak of HPGe detection is
456336, and counts of the peak area is 4579 680. As
the detection efficiency at the energy point is 98 %, the
total photon number at the peak is 465 649, and the to-
tal number of photons getting into the HPGe detector
is4 673 143. The effective detection area of this HPGe
detector is 104.04 mm? [9], and the effective detection
area of the CdTe detector is 23.59 mm? [10], so the
number of mono-energetic photons getting into CdTe
is 23.59/104.04 x 465649 = 105581, and the total de-
tected photons number of the CdTe detector is
1059587, hence the detection efficiency of CdTe de-
tection could be deduced, the resultis shown in tab. 1.
The principle of the semiconductor detector is that
the photons hit the crystal atoms and the atoms are acti-
vated to generate electron-hole pairs finally, collecting
electron-hole pairs, current signal is generated [11]. The
noise becomes larger with the increase of temperature, so
the energy resolution and detection efficiency of the de-
tector will obviously decrease. The experimental results
show that the detection efficiency and energy resolution
of CdTe detector will decrease with the temperature ris-
ing. At 0 °C, the detection efficiency is highest and peak
detection efficiency is 61.32 %, the total detection effi-
ciency reaches 80.96 %, energy resolution is the best,
two characteristic peaks could be separated perfectly.

The performance is significantly reduced with the tem-
perature increasing. The detection efficiency and energy
resolution of the detector is poor for low energy X-rays of
8 keV at 20 °C or higher. There is a peak shift to the right
with the increase of temperature which is consistent with
the reference [12, 13].

CONCLUSION

Seen from the experimental results, the environ-
ment temperature has a great influence on the detec-
tion efficiency of CdTe detector. As the temperature
increases, the peak count reduces accordingly. The
count decreased about 66 % with the temperature
changing from 0 °C to 40 °C. The lower the tempera-
ture, the higher the detection efficiency. When the
temperature is above 10 °C, the detection efficiency is
getting lower and lower as the temperature increases
above 10 °C. Within 10 °C, the efficiency is acceptable
and the results of the experiment are basically consis-
tent with the theory.

The energy resolution of the detector acts well
below 10 °C, which can remain below 10 %; while as
the temperature rises above 20 °C, the energy resolu-
tion becomes poor, and it cannot reflect the actual con-
dition of the radioactive source.

The experimental results show that this type of
CdTe detector is reliable for use in X-rays detection.
The detection efficiency is very high especially under
temperature below 20 °C. On the basis of this experi-
ment, we could conclude that it is necessary to use air
conditioning to control the environment temperature
when we measure the radiation with CdTe detectors.
The results are especially ideal when the ambient tem-
perature is below 10 °C. In addition, according to the
influence of temperature on the detection efficiency,
some corrections should be made to reduce the uncer-
tainty of the study.
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NCIINTUBAIBE OCOBMHE TEMIIEPATYPHOI' KOE®OUIINIJEHTA
CdTe JETEKTOPA 3A JNETEKINIY X-3PAYEIbA

Temmneparypa pagHe cpefimHE je jeflaH Off KJbY4UHHX (pakTopa mpu ofipebuBamy ocobmHa
MOJIYIIPOBOIHNYKHX IETEKTOPA, KOja TakKobe yTuue v Ha aliCOJIyTHY TaYHOCT U CTAOMIIHOCT CTaHAapAHOT
netekTopa. Pagu ogpebuBama TemneparypHor koeduinujenta CdTe feTekTopa 3a feTeKujy X-3pauemna,
AU3ajHUPANIA CMO IpPEelM3aH CUCTEM KOHTpoJe TemiepaType. 3a noTpede eKCIepUMEHTa, AeTEKTOp U
u3Bop X-3payera NOCTaB/bEHU Cy YHyTap TepMmocraTa ca Temmeparypom op 0 ~ 40 °C, kako 6u ce
TeMmIepaTypa MOTJla peryiaucaTd TOKOM UCIUTUBama TeMiepaTtypHor Koedunujenta CdTe geTekTopa.
PesynTat ekcriepiuMeHTa IIokasyje ia ca mopacToM TeMIepaType Joa3u 10 aja CHepreTCKe pe3oIynyje i
epukacHoctu iereknuje CdTe meTekTopa, a mpu Temneparypama MamiM off 10 °C geTekTop ncnosmrasa
60spe nepdopmance 3a X-3pauere o 8 keV.

Kmwyune peuu: CdTe Oettiekitiop, ilemiiepailiypHu Koeguuujerit, X-apaderve, edhuxacHocill OetlieKiiopa,

eHepzelicKa pe3oayyuja



