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Abstract

Ton microbeam techniques like ion beam-induced charge collection (IBICC) are very powerful methods in order to investigate and
to map the transport properties in different technologically important semiconductors and in particular in materials proposed for
nuclear detection. Time-resolved ion beam-induced charge collection (TRIBICC) represents a further improvement with respect to
more traditional IBICC, since it can supply not only the charge collection efficiency (and through it data on mobility and trapping
time of carriers in drift regions) but also the time behaviours of the charge collection. For long collection times, this means to gather
information, also about diffusion lengths and lifetimes of carriers in the diffusion regions, which are always present in undepleted
electronic devices, in particular power devices, and which are of paramount importance as inputs for simulation codes. By
TRIBICC, in fact, some difficulties could be avoided in analysis of data collected in cases when lifetimes and shaping times of
electronic chain are similar, and the sensitivity of the method is worse. In order to suitably analyse TRIBICC data, a theoretical
model should be available: in general, Ramo’s theorem is used, but its validity in cases when space charge is present is questionable.
A more general and powerful method is presented in this work by using Gunn’s theorem and a particular formulation of the
generation function in order to solve the adjoint of the continuity equation in the time-dependent case. An application of this
method to a commercial power device is presented and discussed.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction realistic physical region. The methods used for minority
carriers lifetime evaluation generally present some draw-
backs, since either they are based on some model of the

device (reverse recovery) or they can be applied only to

The knowledge of important parameters like minority
carriers lifetime is of paramount importance not only for

semiconductor materials producers, but also for com-
puter-aided engineering CAE applications in which a
first value, even approximate, of these parameters is
needed in order to carry out device simulations for
design implementations, being sure to remain in a
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specified samples of the material and not to the finished
device (photoconductive decay). Ion beam-induced
charge collection (IBICC) and time-resolved ion beam-
induced charge collection (TRIBICC) in frontal version
do not display any drawbacks, apart from the need to
dispose of an ion accelerator, since they can be easily
applied to a finished device, the depth of investigation
can be pushed towards 100 pm (what is generally needed
for power devices) and, particularly in the case of
TRIBICC, they can be used in a wide range of lifetime



