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Abstract
Single Photon Avalanche Diodes (SPADs) have been used for photon counting since the 1960s, but only in the recent decade multipixel structures based on SPAD—arrays and silicon photomultipliers have been developed. These devices are ﬁnding more and more
applications in many ﬁelds, where detection of light at the level of a single photon is needed. Due to their exclusive properties (fast
response, low operating voltage, single photon sensitivity at room temperature, extremely high gain, stability, compactness, robustness
and low price), such sensors are successfully replacing traditional vacuum photomultipliers in many devices. The paper brieﬂy describes
the state of the art and suggests some new applications in biology and medicine.
r 2006 Published by Elsevier B.V.
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1. Introduction: SPAD operating principle
Single Photon Avalanche Diodes (SPADs) have been
known and extensively used as single channel photon
counters for decades [1]. The principle of operation is
simple. A p–n junction is designed in such a way that the
electric ﬁeld reaches breakdown at relatively low voltage
applied to the diode (20–50 V). When the operating voltage
is set above breakdown, each charge carrier reaching the
junction triggers a self-sustaining avalanche multiplication
process, similar to Geiger–Mueller process in gases. It can
be stopped only by reducing the applied voltage down to
breakdown value. This is done by a series resistor in the
circuit. The voltage drop on the resistor quenches the
avalanche. Consequently, the amplitude of the signal
equals to the product of the pixel capacitance and the
over-voltage value. In ‘‘passive recharge’’ mode the
recharging current ﬂows through the same series resistor,
thus recharging the diode in about 100–200 ns. This time
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can be reduced to 30–40 ns by introduction of an ‘‘active
recharge’’ circuit. This scheme is used in SPAD arrays [2] in
order to minimize the dead time. With this limitation
SPADs can be used for counting photons, the frequency of
signals being proportional to the intensity of incoming
light. In order to detect multiple photons arriving
simultaneously or distributed in space, for instance—to
measure intensity of scintillation pulse, or to perform
imaging or spectroscopy—one needs a multi-SPAD structure, either an SPAD array or Silicon Photomultiplier
(SiPM), which is sometimes called Multi-pixel Avalanche
Photo-Diode (MAPD) or Avalanche Photo-Diode operating in Geiger mode (APDG).
2. Two families of multi-SPAD structures
SPAD arrays and SiPMs use the same basic element, but
differ in architecture. The former have active recharge and
individual pixel addressing circuit included in every pixel of
the matrix, while the latter—only individual quenching
resistor per pixel and one common electrode for signal
readout. As a result, SiPM has high ﬁll factor and dynamic
range, but also high dark count rate and optical cross-talk.

