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a b s t r a c t

This paper investigates both theoretically and experimentally the charge collection efficiency (CCE)
degradation in silicon diodes induced by energetic ions. Ion Beam Induced Charge (IBIC) measurements
carried out on n- and p-type silicon diodes which were previously irradiated with MeV He ions show evi-
dence that the CCE degradation does not only depend on the mass, energy and fluence of the damaging
ion, but also depends on the ion probe species and on the polarization state of the device. A general one-
dimensional model is derived, which accounts for the ion-induced defect distribution, the ionization pro-
file of the probing ion and the charge induction mechanism. Using the ionizing and non-ionizing energy
loss profiles resulting from simulations based on the binary collision approximation and on the electro-
static/transport parameters of the diode under study as input, the model is able to accurately reproduce
the experimental CCE degradation curves without introducing any phenomenological additional term or
formula. Although limited to low level of damage, the model is quite general, including the displacement
damage approach as a special case and can be applied to any semiconductor device. It provides a method
to measure the capture coefficients of the radiation induced recombination centres. They can be consid-
ered indexes, which can contribute to assessing the relative radiation hardness of semiconductor
materials.

� 2016 Elsevier B.V. All rights reserved.

1. Introduction

While the effect of radiation induced defects on the properties of
semiconducting and insulating materials and devices has been
studied for many years, there are still significant gaps in the under-
standing of what types of defects are formed, how they can be

detected and their effects on electrical and structural properties.
This study is based on research conducted within an IAEA Coordi-
nated Research Project (CRP, reference F11016 [1]). Themain objec-
tive of this project was the enhancement of the understanding of
which types of defects are created by high energy ion irradiation
and what are their effects on electronic properties of semiconduc-
tors and insulators. A further objective is to developmeans of defin-
ing and measuring radiation resistance of materials, with the
ultimate aim of thereby improving it. This involves defining an
experimental protocol to determine the key parameters for charac-
terization of the effects of radiation damage on semiconductor
materials and devices. Here we focus on the modified electronic
properties of silicon, as being the most important and the most
widely-studied semiconductor [2]. In Float Zone (FZ) silicon where
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Abbreviations: DIB, damaging ion beam; PIB, probing ion beam; IBIC, Ion Beam
Induced Charge; NIEL, non-ionizing energy loss; CCE, charge collection efficiency.
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