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Construc¢io dos componentes de um detector do tipo TH-GEM para
metrologia das radiacoes ionizantes de baixa energia

Construction of the TH-GEM detector components for metrology of low

energy ionizing radiation

1. INTRODUCTION
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Resumo: O detector do tipo Gas Electron Multiplier (GEM) foi proposto inicialmente
como um detector sensivel a posicdo, visando a determinagdo de trajetorias de
particulas provenientes de colisdes de altas energias. Com o objetivo de estudar o
potencial dos detectores do tipo TH-GEM em aplica¢des dosimétricas para raios-x de
baixas energias, especificamente para as qualidades padronizadas de mamografia, foi
proposta a construgdo de um protdtipo com caracteristicas adequadas para tal uso.
Neste trabalho foram definidos os pardmetros gerais, estruturais ¢ de materiais
aplicaveis as condi¢des desejadas, estabelecendo o processo de construgao dos
componentes de um prototipo.
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Abstract: The Gas Electron Multiplier (GEM) detector was originally proposed as a
position sensitive detector to determine trajectories of particles prevenient from high-
energy collisions. In order to study the potential of TH-GEM type detectors in
dosimetric applications for low energy X-rays, specifically for the mammography
standard qualities, it was proposed to construct a prototype with characteristics
suitable for such use. In this work the general, structural and material parameters
applicable to the necessary conditions were defined, establishing the process of
construction of the components of a prototype.

Keywords: TH-GEM, dosimetry, Gaseous detector, low energy.

The TH-GEM detector (Thick GEM) is a
variation of the GEM detector [2]. Its structure

The Gas Electron Multiplier (GEM) detector was
first proposed by Sauli as a position-sensitive
detector, aiming the determination of trajectories
of particles provenient from high-energy
collisions. Subsequently, these detectors found
applications in several areas related to the
production of x-ray images [1].

resembles that of an extended scale GEM
detector. The advantages of the TH-GEM
detector are many, outstanding for its high
sensitivity and low cost.

In order to study the suitability of TH-GEM
detectors for low energy X-rays dosimetry,



specifically for the standardized mammography
qualities, it was proposed the construction of a
portable prototype of a TH-GEM detector with
characteristics that fulfill the dosimetric
constraints. This work establishes the process of
construction of some components of this
prototype, describing their dimensions and
fundamental characteristics. The information will
be used in the future as a technical guide for the
construction of equivalent dosimeters.

1.1 Operation of the TH-GEM detector

The basic constituent of a TH-GEM detector is
the amplification plate, which is a thin non-
conductor plate (thickness of approximately
0.5 mm) coated on both sides by metallic layer.
This plate presents holes of approximately
0.3 mm diameter in a hexagonal pattern, and is
immersed in a rarefied gas. A high potential
difference applied between the coatings creates
an intense electric field configuration within the
holes. Each individual hole acts as a proportional
counter, multiplying the electrons produced in the
ionizations in the gas induced by an incident
radiation in an avalanche process, and generates a
measurable charge which is collected by an
electrode [3]. Figure 1 shows a cross-section of
the TH-GEM type detector, where fd is the
electric field in the region where the incident
radiation interacts with the gas producing an
electron, and V4 is the voltage for the collection
of this electron (drift region). The subscript o
represents the region of a orifice of the polymer
plate, being fo and V, the electric field in the
region where the avalanche of ionizations occurs
and the voltage necessary. Lastly, V; is the
voltage needed to guide the electrons in the
region of the electric field ft to the collector
plate.
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Figure 1 — Schematic illustration of a TH-GEM type
detector. Adaptation of [1].
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More than one plate can be used in series to
further amplify the cascade effect.

In the case of a GEM detector, the plate is
perforated in a micrometric pattern with its
dimensions being 5 to 20 times smaller than in
the case of TH-GEM detectors. Like the TH-
GEM detectors, in GEM detectors an electric
potential is applied between both sides of the
coating and the plates are also emerged in a
rarefied gas. As the dimensions are
proportionally smaller, the required difference of
potential between both sides of the amplification
plate are also smaller. A great advantage of the
GEM and TH-GEM detectors is their easy
adaptation in a adaptable format [5].

2. MATERIALS AND METHODS

The construction of the components was done at
the mechanical workshop of the Laboratory of
Material Analysis with Ion Beams of the
University of Sdo Paulo (LAMFI-USP), which is
participating in this project in the form of
institutional collaboration (Figure 2).

Figure 2 — Construction of the detector base in the
machining workshop of the Laboratory of Material
Analysis with Ton Beams of the University of Sdo
Paulo.

For the detector base the polyoxymethylene
material was used, density 1.41 g/cm’, because it
is a rigid and resistant material, and offers a good
electrical insulation and good machining
characteristics. In order to simplify the
construction of the detector, the squared format
for the base, with sides of 11.00 cm, was
determined.

For the entrance window, 6 pm thick
aluminum foil was used, density 2.6989 g/cm’.



The amplification and collector plate were
made of fiberglass printed circuit boards, density
249 g/em’, coated by copper, density
8.96 g/em’[6]. The copper plates received a
chemical treatment that created a thin silver cover
on top to prevent for oxidation. The chemical
treatment was done on both the amplification
plate and the collector.

The perforation of the amplification plate
was done using a CNC device constructed at the
LAMFI-USP laboratory for internal use to
fabricate small printed circuits.

The gas inlet and outlet were positioned on
opposite sides of the detector to ensure the renew
process in the amplification area by a continuous
flux of gas. The electrical feedthroughs were
provisionally implemented as three 2 mm
diameter copper wires, and glue to avoid gas
leakage.

3. RESULTS AND DISCUSSION

It was possible to construct a TH-GEM detector,
with sides of 11 cm (Figure 3). The whole system
weights approximately 300 g.

(b)
Figure 3 — Photo of the TH-GEM detector componets:
a) without the shield; b) with the shield.
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The thickness of the 6 mm shield was defined
by Monte Carlo simulation with code MCNPS5 [7].
The geometry, the materials that compose the
detector, the experimental configuration and the
characteristics of the radioactive sources were
specified. The energy deposited at the sensitive
volume was observed, and the thickness of the
shield was increased until an efficiency value of
98.5% was achieved. The diameter of the orifices
and of the etched rim of the amplifier plate were
measured using a USB digital camera with up to
1000x magnification. These dimensions are
shown in the caption of Figure 4.

%

Figure 4 - Amplification plate seen through the digital
microscope. The average diameter of the orifices in
the fiberglass plate is 0.25 mm, the diameter of the
etched rims is 0.5 mm, and the distance between the
center of one orifice to the other is 0.1 mm

4. CONCLUSION

It was possible to construct the components of
the TH-GEM portable detector. These processes
allowed the elaboration of the geometry of the
detector accordingly to previous simulations,
which will also guide the choice for the gas that
will fill the detector and the values expected in
the experimental tests for collected charge.
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