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Abstract The present paper describes the design and simulation results of a position-sensitive charged particle
detector based on the Double Sided Silicon Strip Detector (DSSSD). Also, the characteristics of the DSSSD
and its testing result were are discussed. With the application of the DSSSD, the position-sensitive charged

particle detector can not only give particle flux and energy spectra information and identify different types of

charged particles, but also measure the location and angle of incident particles. As the detector can make multi-

parameter measurements of charged particles, it is widely used in space detection and exploration missions,

such as charged particle detection related to earthquakes, space environment monitoring and solar activity

inspection.
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1 Introduction

The space environment contains phenomena that
are potentially hazardous to humans and technolog-
ical systems. The interaction of space particles with
spacecraft materials and electronics components is
complex to describe and difficult to simulate with
ground-based test facilities. It is also not possible
to fully specify the space radiation environment for a
given mission because of unknowns in mapping it and
in the processes that generate it. The space environ-
ment also changes with time, often in unpredictable
and undiscovered ways, making it a challenge to com-
pletely assess the hazards in any orbit. The descrip-
tion of the space environment requires new terminol-
ogy for both the hazards and the places where they
occur.

In addition, an existing theory model and some
observational results shows that high-energy charged
particle flux, energy spectrum and projection angle
etc. in ionosphere space will change significantly be-
fore the occurrence of an earthquake [1-5].

Therefore, the detector performance as a func-
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tion of particle identification, energy spectra and in-
put angle measurement can provide plenty of detailed
charged particle data in space, so as to support space
inspection or earthquake prediction work. To this
purpose, a specific position-sensitive charged parti-
cle detector has been designed and is going to be
constructed. The detector shown in Fig.
sists of two silicon strips and a scintillator, while
the associated electronics are essentially composed of
low-noise preamplifiers, shaping circuits and discrete-
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component amplifiers.
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Fig. 1.
charged particle detector.

The structure of the position-sensitive
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In this paper we present the design and simula-
tion results for the DSSSD-based position-sensitive
charged particle detector, its construction details its
performance and its testing results.

2 Structure of detector system

To fulfill the requirements of the space environ-
ment or seismic exploration detection, the structure
of a position sensitive charge particle detector is as
follows. As shown in Fig. 1, the front part has a AE-
FE construction, which consists of two 50 mm x50 mm
DSSSDs. Both of them can give the two-dimensional
position information of incident particles. Thus we
can get the angles of incident particles. The AFE-E
technique was used to identify the sorts of particles
and to measure their low energy spectra. The sec-
ond part includes a scintillator calorimeter, which is
used to measure the higher energy spectra of charged
particles.

The precision of position measurement mainly de-
pends on the strip spacing and the method of readout.
As long as only digital information is used and the
effects arising from the track inclination and charge
diffusion during collection can be neglected, the mea-
surement precision (root-mean-square deviation from
the true coordinate) is given by

1 P/2 9
Ufc:—J 2?dz =P /12.
P p
Thus,
o, =P/V12,

where P is the pitch value of the strip detector, which
is the distance between the centers of two adjacent
strips [6].

3 Double sided silicon strip detector

The DSSSDs wused in the position-sensitive
charged-particle detector are a kind of new silicon
semiconductor detector. They have the properties
of high position resolution, high energy resolution,
wide linear range, fast response time, small size, etc.
They offer excellent capabilities for the detection,
identification and characterization of radioactive iso-
topes. These detectors provide enhanced capabilities
over the existing systems and have direct applicabil-
ity in the areas of decontamination and decommis-
sioning (D&D), nuclear materials, spent nuclear fuel
(SNF) and mixed waste, as well as for basic labo-
ratory nuclear physics and gamma ray astrophysics.

The DSSSD is made by segmenting the contacts of a
planar silicon detector. By using ion implantation, or
lithography technology, a series of narrow-band elec-
trodes perpendicular to each other were formed on
the upper and lower surfaces of silicon. Each strip
can be used as an independent silicon detector. The
two-dimensional information is gained by segmenting
orthogonally on each side of the detector. One di-
mension is determined by which strip is collecting the
electrons and the other dimension by the strip collect-
ing the holes. The energy measurements are obtained
from the signal amplitude of either the electron or the
hole carrier [7].

Radiation is measured by means of the number
of charge carriers set free in the detector, which is
arranged between two electrodes. Ionizing radiation
produces free electrons and holes. The number of
electron-hole pairs is proportional to the energy trans-
mitted by the radiation to the semiconductor. As a
result, a number of electrons are transferred from the
valence band to the conduction band, and an equal
number of holes are created in the valence band. Un-
der the influence of an electric field, the electrons and
holes travel to the electrodes, where they result in a
pulse that can be measured in an outer circuit. The
holes travel in the opposite direction and can also be
measured. As the amount of energy required to cre-
ate an electron-hole pair is known, and is independent
of the energy of the incident radiation, measuring the
number of electron-hole pairs allows the energy of the
incident radiation to be found.

The DSSSDs wused in the position-sensitive
charged particle detector are of the so-called MI-
CRON design W. This has 16 strips, 50 mm long and
3 mm wide separated by 0.1 mm, on the front face
of a 64 um thick n-type silicon wafer, and 16 orthog-
onal strips of the same dimensions on the back face.
Each front strip consists of a 400 nm thick region of
the silicon wafer heavily doped by implantation of ac-
ceptor impurities to form a p' type material. This
pT type layer, together with an evaporated layer of
200 nm aluminum, acts as an electrical contact. The
back strips are made similarly by implanting donor
elements. A penetrating particle induces charge sig-
nals in the closest front and back strips, caused by the
mobility of ionized electrons and holes, respectively.

If sufficient voltage is applied, the edge effects (of
charge-sharing between neighboring strips) are neg-
ligible, thus each particle gives rise to a signal from
exactly one front strip and one back strip. This tells
us which of the 256 pixels of 3 mmx3 mm area, the
cross-over regions between front and back strips, was
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hit. If two or more particles, emitted simultaneously,
are detected by the same DSSSD, one should find
the right correspondence between the front and back
strips by comparing their energy signals. This proce-
dure is also an efficient filter against electronic noise.

A simple test set-up was used for the test of
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the DSSSD. A multi-channel charge-sensitive pre-
amplifier was developed for the DSSSD. The results
of the test are shown in Fig. 2. As a result, the
DSSSD has an energy resolution of 1.6% (for 2*' Am
in 5.486 MeV « particles), and its position resolution
is better than 0.9 mm.
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Fig. 2.

4 Simulation and results

The Geant4 program was used for detector simula-
tion. This article will introduce the simulation results
for the position-sensitive charged particle detector so
as to achieve the optimized structure and parameters.

Geant4 is a free software package composed of
tools which can be used to accurately simulate the
passage of particles through matter. All aspects of
the simulation process have been included in the
toolkit. At the heart of Geant4 is an abundant set of
physics models to handle the interactions of particles
with matter across a very wide energy range. Data
and expertise have been drawn from many sources
around the world and, in this respect, Geant4 acts as
a repository that incorporates a large part of all that

Testing results for the DSSSD.

is known about particle interactions [8, 9].
4.1 Simulation of the energy deposition

The AE-FE method was used for the energy spec-
tra measurement of charged particles and particle
identification, and simultaneous measurement of par-
ticle flux. The ionization energy loss rate of the par-
ticles in materials can be approximately described by
the Bethe-Bloch formula,

AE  4Anz’e*NZ
Az~ Mow?

In ?(]\14_(;;? -3 - (5 + g)

The formula can be simplified to:

AE-Ex MZ?*Ax.

By measuring the particle energy loss AFE in the
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front Si detector and E in the end detector when par-
ticles pass through the detector system, considering
their relation with particle mass and charge, we can
distinguish different sorts of particles from each other.

Figure 3 shows the Geant4 simulation of electrons
and protons at different energies in the AE-FE detec-
tors (DSSSD thickness is 150 pm and 300 pm, re-
spectively) in the group of energy deposition. The
results show a good ability of the detector to iden-
tify different types of charged particles. The relation
between incident energy and deposit energy of elec-
trons and protons in each layer of the detector and
their total energy are shown in Fig. 4. With it, we
can construct the original energy spectra through the
measured energy spectra.

proton
= electron
particle input energy

50 keV—200 MeV

142 pm DSSSD deposit energy
o
T

O N N B ! I
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301 um DSSSD deposit energy/MeV

Fig. 3. Energy deposition of different energies
of electrons and protons in the AFE-FE Si de-
tectors.
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total energy.
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The results show that the position-sensitive
charged particle detector with the current design pa-
rameters can effectively identify different particles
and make specific energy spectrum measurements for
charged particles.

4.2 Simulation of the incident particle posi-
tion

By using the double-layer DSSSD, it’s possible to
determine the incident particle position and make an-
gle measurements.

As mentioned above, the position resolution of the
strip detector can be given by

0. =P/V12.

The angular resolution of the position-sensitive
detector is ) ) )
2 _ Ua:l +0x2 +gs

Among them, o,,, 0., are the first and second
detector position resolution, respectively. o, is the

positional deviation of electrons caused by its scat-

tering when electrons pass through the first DSSSD,
and Z is the distance between the two DSSSDs. The
simulation results show that for protons and « parti-
cles, the position deviation caused by scattering with
the 150 pm thick DSSSD is very small. But a larger
deviation in position was found when electrons passed
through the first piece of the DSSSD because of the
scattering (Fig. 5). In order to achieve the best de-
tector performance, thorough considerations of the
DSSSD thickness, spacing, the incident particle en-
ergy and other factors are needed.

Figure 6 shows the simulation results for the
detector pitch angles under conditions of different
DSSSD thicknesses with different spaces between
them. The results show that the angular resolution
of the detector can reach 4° for electrons with inci-
dent energy larger than 1.7 MeV by using a 60 pm
thick DSSSD as the AFE detector; and for electrons
with incident energy larger than 3.0 MeV, the angu-
lar resolution of the detector can reach 4° by using a
150 pm thick DSSSD as the AFE detector.
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Fig. 5. Incident electron in the detector’s position resolution simulation results.
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left is 60 pm, and on the right is 150 pm).

The calculated results for the detector angle resolution under different conditions (thickness on the
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5 Summary

A position-sensitive charged particle detector
based on DSSSD was simulated for energy spectra, in-
cident angle measurement and charged particle iden-
tification. The characters of the new DSSSD were
discussed and its testing result was shown. The re-
sults show that this detector with the current design

parameters can effectively identify different particles
and make energy spectra and angular measurement
for charged particles.

As the detector can make multi-parameter mea-
surements of charged particles, it has wide applica-
tion fields in space detection and exploration mis-
sions, such as charged particle detection related to
earthquakes, space environment monitoring and so-
lar activity monitoring.
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