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Single Photon Avalanche Diodes (SPADs) and Silicon PhotoMultipliers (SiPMs) have since long ceased to be
a scientific curiosity and have become a valuable tool for many applications both in research and industrial
fields. Such a transition, on one hand, has been favored by the remarkable improvement in SPADs and SiPMs
performance obtained in the last years; on the other hand, the widespread use of these devices in many cut-
ting edge applications push the research community for a continuous improvement in their performance and
complexity.
A detector development based on a “trial and error”approach is in most cases ineffective and impractical both
because of the remarkable time and costs needed for each iteration of the fabrication process and because of
the difficulties in identifying the suitable modifications to the device structure. Actually, an effective detector’
s development requires a detailed understanding of the physical phenomena that regulate its behavior and the
availability of physical models that allows the device designer to evaluate the effect of the main parameters
(doping and electric field profiles, defects type and distribution, etc.) on detector performance.
In this lecture we will discuss the physical modeling of SPADs and SiPMs as a whole. In fact, although the
latters are significant different from the formers in terms of applications, architectures and sometimes even
in terms of the corresponding electronics circuits, the core of the detectors is the same and therefore a unified
treatment is possible. In this optics we will present the main figures of merit common to both the detec-
tors (Breakdown Voltage, Photon Detection Efficiency, Dark Count Rate, Afterpulsing Probability, Optical
CrossTalk and Timing Jitter) and for each of them we will analyze the physical phenomena that influence its
behavior. Then we will discuss the modeling of such phenomena highlighting both relevant parameters and
possible limitations.
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