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Experimental study on the performance of a THGEM detector for X-rays
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HIGHLIGHTS

e Introducing a new structure THGEM detector.

e Cascading three domestically produced THGEMSs for gain increase and stable operation.

e Characterization of the X-ray detector working in Ar/CO2 mixtures at different pressures.

e High gain accessibility of 10° for Ar/CO3 (80/20) mixture.

ABSTRACT

By expanding the applications of GEM detectors, a newer pattern of such detectors
was introduced in 2004, named THGEM detectors. In this work, a sample of an X-ray
detector was designed and constructed using 2 cm Xx 2 cm THGEMs domestically
produced with a thickness of 250 pum, a hole diameter of 300 pm and a pitch of 500 pm,
for the first time. The triple THGEM detector working in Ar/CO2 gas mixture was
characterized. Influence of gas pressure and gas mixture on gain of the detector was
investigated. Results show the detector operated in a stable mode with no discharges.
The gain of the detector increased with high voltage across the THGEM electrodes
exponentially. This verified the performance of a detector as a proportional counter.
Also, the detector’s gain is maximum at Ar/CO2 (80/20) gas mixture and voltage of 700
V applied to each multiplier. The detector is promising for localization applications such

KEYWORDS
X-ray detection
Gaseous detector
Micropattern
THGEM

HISTORY
Received: 3 June 2023
Revised: 25 July 2023
Accepted: 26 July 2023

as particle physics experiments.

Published: Autumn 2023

1 Introduction

Recent years have seen significant advancements in mi-
cropattern gaseous detectors (MPGDs). The most oper-
ative MPGDs are Gaseous Electron Multipliers (GEMs)
(Sauli, 2016). In a GEM, a structure for charge amplifica-
tion introduced in 1997, the avalanche occurs in the holes
patterned in a metal-clad insulator plate (Sauli, 1997). In
2017, detailed performance study of a 10 x 10 cm? triple
GEM detector operated using Ar and COy gas mixtures
in proportions of 70/30 and 90/10 had been made. In this
work, the uniformity of the detector had been investigated
by dividing the detector in 7 X 7 zones and measuring
the gain and energy resolution at the centre of each zone
(Patra et al., 2017). In 2020, the performance of GEM
detectors operated in gas recirculating systems have been
studied at the CERN Gamma Irradiation Facility (Cor-
betta et al., 2020). Also in this year, charging-up and
performance of the triple GEM detector for plasma ra-
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diation monitoring was investigated (Chernyshova et al.,
2020).

Although the extensive applications of a GEM detec-
tor, its fabrication is so complex. Thus, a developed form
of a GEM detector called a THGEM detector was estab-
lished in 2004 (Chechik et al., 2004). THGEM’s struc-
ture is similar to that of GEM, but it has a geometrical
dimension expansion (Titov, 2007). In comparison with
a standard GEM, THGEM is more robust, cheaper and
can reach higher gain than GEM. It is manufactured by
mechanically drilling sub-millimeter diameter holes in a
thin printed circuit board (PCB) (Alfonsi et al., 2004).
THGEM operation principle is similar to that of stan-
dard GEM. Upon application of a suitable difference of
potential between electrodes, with the multiplier inserted
between two planes, a high electric field develops in each
hole. Electrons released by ionization in the upper gas
volume drift into the hole, avalanche in the high field and
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Figure 1: a) A fabricated THGEM b) a microscopic photograph of a THGEM holes.

leave towards the electrode in the lower gas volume. A
sub-millimeter hole diameter is larger than electron diffu-
sion in most gases, with consequently favorable electron
transport into and out of the holes (Cortesi et al., 2007).

Since THGEM introduction in 2004 (Chechik et al.,
2004), it has been extensively studied over a broad range of
gases and pressures; details are found in reviews (Breskin
et al., 2009). Also, properties of the THGEMsS such as lo-
calization capability, gain homogeneity and long-term sta-
bility was investigated in 2006 (Cortesi et al., 2007). Some
results on time resolution and operation in noble gases
as well as potential applications were discussed in 2008
(Yang et al., 2015). Energy resolution of single THGEM
were studied with an effective area of 50 mm x 70 mm in
2010 (Breskin et al., 2010). Previous samples of THGEMs
made in Iran with a thickness of 0.35 mm, diameter of the
holes of 0.5 mm and a pitch of 1 mm used for alpha ra-
diation detection (Najarzadeh et al., 2023) and neutron
detection (Hashemi and Negarestani, 2019). It is obvi-
ous that reducing the diameter of the holes and pitch of a
THGEM improves gain and resolution of the detector. In
this paper, we designed and constructed a triple THGEM
gas detector using 2 cm X 2 cm THGEMs domestically
produced with a thickness of 250 pum, a hole diameter of
300 pm and a pitch of 500 pum for the first time. The
fabricated THGEMSs was tested, at first. Gain of the de-
tector was evaluated by proper voltage choice and filling
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gas mixture and gas pressure effect was surveyed.

2 Experimental

Fabrication of a multiplier is done with different methods
such as photolithography (Everaerts, 2006), laser beam
(Tamagawa et al., 2006) and ion micromachining (Daniel
and Moore, 1999). In this research, the THGEMs were
designed using Designer altium software and then were
produced in the PCB industry. The method applied for
a PCB was used due to the availabe facilities, which is in
fact CNC drilling. The insulator with a thickness of 250
pm was drilled with a pattern of holes of diameters 300
pm and a pitch of 500 pm. The total area of THGEMs
was 6 cm X 6 cm, the active area was 2 cm X 2 cm and
there were 1600 holes in a 40 x 40 matrix on the electrode.
This configuration was made for the first time in the coun-
try demonstrated in Fig. 1-a. A microscopic image of a
THGEM is shown in Fig. 1-b.

Figure 2-a is a schematic setup of a triple THGEM de-
tector. The gap of drift region was 4 mm. The distance
between the THGEMs was 2 mm. The triple THGEM
setup, the multiplier assembly (Fig. 2-b), was located in a
gaseous vessel, shown in Fig. 3 and fed by three power sup-
plies shown in Fig. 4. The operation gas of the THGEM
detector is Ar/COgy at atmospheric pressure. The signal

Figure 2: a) Triple THGEM detector scheme b) Top view of the multiplier assembly: 1) Appling voltage to each plate 2) Drift

plate 3) Teflon screw for aligning plates on each other.

92



E. Edalatkhah and S. Sheibani

was read out by an induction electrode which is the same
as a multiplier layer without the active area.

The collected charge on the induction layer read out
with an ORTEC 142 preamplifier followed by an ORTEC
570 amplifier and an ORTEC multi-channel analyzer.

Figure 3: 1) The gaseous vessel 2) Cap of the gaseous vessel
with a feed through and a gauge pressure connection 3) Bias
connections 4) The multiplier assembly.

Figure 4: 1) Pressure gauge 2) Vacuum gauge 3) Preamplifier
4) Bias connections 5) Power supplies.

3 Results and discussion

At first, several THGEM foils were tested before use. First
of all, they were checked by a microscope whether the de-
signed sketch of the holes was applied completely or not
as any defect influences the detector performance. Also,
the diameter of the holes was measured by the microscope
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software. The samples with uniform hole diameter dis-
tribution cause the gain of the detector be uniform on
the active area. After that, the samples were checked if
there is an electric contact between the electrodes. The
samples which were not meet the criteria, were discarded
as any defects during fabrication procedure can cause the
electric discharge. Then, the electric discharge probabil-
ity was surveyed by voltage gradually increase. The fab-
ricated samples did not damage up to 700 V. The foils
which showed the best performance were chosen for the
next tests, below.

The detector was tested using a Fe-55 X-ray source (ac-
tivity 1 mCi) which provides 5.9 keV X-rays. The source
was positioned in such a way that a collimated beam per-
pendicularly entered the upper drift region. The gain
of the detector as a function of applied voltage to each
THGEM was studied. Although the gain of the detector
can be increased using a cascade, discharge probability
is decreased as each THGEM works at lower and safer
voltage. Therefore, three THGEMSs were cascaded in this
research.

Figure 5 shows the gain of the detector as a function
of high voltage across the THGEM electrodes in Ar/COx
(70/30) with drift field of 2 kV.cm ™! and induction field of
1 kV.cm™!. The gases were supplied in a high purity per-
cent, 99.999% for argon and 99.99% for CO,. The gain
of the detector increased with voltage of THGEM in a
good exponential way. This verified the performance of
the detector as a proportional counter. The detector can
provide an effective gain of 10° in Ar/CO3 (70/30). The
results are in good agreement with the results reported
by Bencivenni (Bencivenni et al., 2002). Nevertheless, the
operation was stable with no occasional discharges.

In order to study the characteristics of the detector,
its performance was investigated in the different gas mix-
tures. Figure 6 shows the gain of the detector in the dif-
ferent Ar/CO2 mixtures. As it can be seen, gain increases
with voltage. For Ar/CO2 (80/20), the gain reached to
105 at voltage of 700V. The working voltage was lower to
give the same gain for the gas mixture Ar/CO3 (80/20) in
comparison with Ar/COg (70/30). The multiplication fac-
tor or gain of the detector is given by exp(ax), where « is
first Townsend coefficient, the number of ionizing collisions
per cm. The first Townsend coefficient which depends
on many parameters such as nature of the gas, field and
pressure, have been measured for a wide variety of gases
and mixtures reported elsewhere such as Ref (Sharma and
Sauli, 1993). Dependence of the first Townsend coefficient
to the gas mixture verifies the observed gain variations.
Figure 7 shows the gain of the detector in Ar/CO4 (80/20)
for different gas pressures. Maximum gain at voltage of
700 V and pressure of 0.5 bar obtained 10%. As expected,
the gain decreased by pressure increase. Variations of the
first Townsend coefficient with pressure verify the gain
reduction by pressure increase observed in this research.
The results correspond well with the results reported by
Alon (Alon et al., 2008).
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Figure 5: Variation of gain as a function of voltage.
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Gain of the detector in different gas mixtures.
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Figure 7: Gain of the detector at various pressures.

4  Conclusions

In this paper, a new type of X-ray detector based on do-
mestically produced THGEMs is introduced and a prelimi-
nary experimental study is presented, including the perfor-
mance of the triple THGEM detector working in Ar/COx
mixtures at different pressures. An effective gain of 10°
was reached for Ar/CO; (80/20) mixture. THGEMS pro-
duced by an economic simple method operated well. Gain
variation of the detector for specific drift and induction
fields is being investigated. The detector is promising for
particle physics experiments. If coupled to a neutron con-
verter or a photocathode, the detector will have more fields
of application.

o4

Radiation Physics and Engineering 2023; 4(4):51-55

Conflict of Interest

The authors declare no potential conflict of interest re-
garding the publication of this work.

References

Alfonsi, M., Bencivenni, G., De Simone, P., et al. (2004).
High-rate particle triggering with triple-GEM detector. Nu-
clear Instruments and Methods in Physics Research Sec-
tion A: Accelerators, Spectrometers, Detectors and Associated
Equipment, 518(1-2):106-112.

Alon, R., Miyamoto, J., Cortesi, M., et al. (2008). Operation
of a thick gas electron multiplier (THGEM) in Ar, Xe and
Ar-Xe. Journal of Instrumentation, 3(01):P01005.

Bencivenni, G., Felici, G., Murtas, F., et al. (2002). A triple
GEM detector with pad readout for high rate charged particle
triggering. Nuclear Instruments and Methods in Physics Re-
search Section A: Accelerators, Spectrometers, Detectors and
Associated Equipment, 488(3):493-502.

Breskin, A., Alon, R., Cortesi, M., et al. (2009). A concise re-
view on THGEM detectors. Nuclear Instruments and Methods
in Physics Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment, 598(1):107—111.

Breskin, A., Cortesi, M., Alon, R., et al. (2010). The
THGEM: a thick robust gaseous electron multiplier for radi-
ation detectors. Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment, 623(1):132-134.

Chechik, R., Breskin, A., Shalem, C., et al. (2004). Thick
GEM-like hole multipliers: properties and possible applica-
tions. Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Asso-
ciated Equipment, 535(1-2):303-308.

Chernyshova, M., Malinowski, K., Czarski, T., et al. (2020).
Effect of charging-up and regular usage on performance of
the triple GEM detector to be employed for plasma radiation
monitoring. Fusion Engineering and Design, 158:111755.

Corbetta, M., Guida, R., and Mandelli, B. (2020). Triple-
GEM detectors operation under gas recirculation in high-rate
radiation environment. Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, Spectrometers, De-
tectors and Associated Equipment, 984:164627.

Cortesi, M., Chechik, R., Breskin, A., et al. (2007). Ad-
vances in imaging THGEM-based detectors. Nuclear Instru-
ments and Methods in Physics Research Section A: Acceler-
ators, Spectrometers, Detectors and Associated Equipment,
572(1):175-176.

Daniel, J. and Moore, D. (1999). A microaccelerometer struc-
ture fabricated in silicon-on-insulator using a focused ion
beam process. Sensors and Actuators A: Physical, 73(3):201—
209.

Everaerts, P. (2006). Rate capability and ion feedback in GEM
detectors. PhD thesis, Gent U.



E. Edalatkhah and S. Sheibani

Hashemi, S. M. and Negarestani, A. (2019). Investigation of
alpha particle tracks in GEM-type structures based on SQS
mode. Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Asso-
ctated Equipment, 913:20-27.

Najarzadeh, M. H., Rezaie, M. R., Negarestani, A., et al.
(2023). Experimental and Monte Carlo investigation of neu-
tron detection by THGEM detector in SQS mode. Radiation
Physics and Engineering.

Patra, R. N., Singaraju, R. N., Biswas, S., et al. (2017). Mea-
surement of basic characteristics and gain uniformity of a
triple GEM detector. Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, Spectrometers, De-
tectors and Associated Equipment, 862:25-30.

Sauli, F. (1997). GEM: A new concept for electron ampli-
fication in gas detectors. Nuclear Instruments and Methods
in Physics Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment, 386(2-3):531-534.

Sauli, F. (2016). The gas electron multiplier (GEM): Oper-
ating principles and applications. Nuclear Instruments and

©2023 by the journal.

RPE is licensed under a Creative Commons Attribution-NonCommercial 4.0

International License (CC BY-NC 4.0).

To cite this article:

Radiation Physics and Engineering 2023; 4(4):51-55

Methods in Physics Research Section A: Accelerators, Spec-
trometers, Detectors and Associated Equipment, 805:2—24.

Sharma, A. and Sauli, F. (1993). First Townsend coefficient
measured in argon based mixtures at high fields. Nuclear In-
struments and Methods in Physics Research Section A: Accel-
erators, Spectrometers, Detectors and Associated Equipment,
334(2-3):420-424.

Tamagawa, T., Tsunoda, N., Hayato, A., et al. (2006). De-
velopment of gas electron multiplier foils with a laser etching
technique. Nuclear Instruments and Methods in Physics Re-
search Section A: Accelerators, Spectrometers, Detectors and
Associated Equipment, 560(2):418-424.

Titov, M. (2007). New developments and future perspectives
of gaseous detectors. Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, Spectrometers, De-
tectors and Associated Equipment, 581(1-2):25-37.

Yang, L., Zhou, J.-R., Sun, Z.-J., et al. (2015). Experimen-
tal research on a THGEM-based thermal neutron detector.
Chinese Physics C, 39(5):056002.

ope.@mss

Edalatkhah, E., Sheibani, S. (2023). Experimental study on the performance of a THGEM detector for X-rays. Radiation

Physics and Engineering, 4(4), 51-55.

DOLI: 10.22034/rpe.2023.400414.1141

To link to this article: https://doi.org/10.22034/rpe.2023.400414.1141

95



	Preliminary investigation of polycarbonate-bismuth oxide composite as a sensitive volume of a dose-calibrator for beta-rays  S. Malekie, S.M. Safdari, S. Kashian, M. Akbari
	Optimization study to determine the appropriate location for the implementation of silicon doping in Tehran research reactor   M. Heydari, H. Jafari, Z. Gholamzadeh
	Monte Carlo investigation of secondary particles production in soft tissue during carbon ion therapy by GEANT4 toolkit and MCNPX Code  A. Nouraddini-Shahabadi, M.R. Rezaie, S. Mohammadi
	Neutronic feasibility study for neutron flux upgrading of Tehran research reactor   S.T. Aminfarkhani, A. Lashkari, S.F. Masoudi
	Enhancing inertial confinement fusion with doped beryllium ablator layer in indirect drive scheme   B. Khanbabaei
	Two-dimensional simulation of argon dielectric barrier discharge (DBD) plasma actuator with COMSOL Multiphysics   R. Mehrabifard
	Experimental study on the performance of a THGEM detector for X-rays   E. Edalatkhah, S. Sheibani
	Investigating the effect of deuterium ignitor beam energy distribution function on the ignition of D/He-3 fuel pellet  S. Khatami, M. Mahdavi, S. Khoshbinfar

