
UDK621.3:(53+54+621 +66), ISSN0352-9045 Informacije MIDEM 38(2008)4, Ljubljana 

SILICON PHOTOMULTIPLIER: A NOVEL TYPE OF PHOTO­
DETECTOR WITH SINGLE PHOTON DETECTION CAPABILITY 

Giorgio Umberto Pignatel 

Dept. of Electronic and Information Engineering DIEI, Perugia, Italy 

Key words: silicon photomultiplier, single photon, avalanche breakdown, Geiger mode, photodetector 

Abstract: Silicon Photo-Multiplier (SiPM) is a novel type of avalanche photon detector which operates in Geiger mode. It allows great advancement in 
photon detection and is a good candidate for replacing traditional photomultiplier tubes (PMTs). In this paper the current status of development of a 
research project founded by the Italian National Institute for Nuclear Physics (INFN) will be presented, in the framework of the DASIPM collaboration which 
involves several Universities and the Center for Scientific and Technological Research (FBKirst, Trento, Italy). Recent advancements in SIPM technology 
will be presented, along with some preliminary results and a discussion about possible exploitations in medical and astroparticie physics applications. 

Silicijeva fotopomnozevalka: nov tip fotodetektorja s 
sposobnostjo detekcije posameznega fotona 

Kjucne besede: silicijeva fotopomnozevalka, posamezni foton, plazoviti preboj, Geigerjev nacin, fotodetektor 

Izvlecek: Silicijeva fotopomnozevalka (SiPM) je nov tip plazovitega prebojnega fotodetektorja, ki deluje v Geigerjevem nacinu. Nova fotopomnozevalka 
predstavlja velik napredek pri detekciji fotona in je dober kandidat za nadomestitev tradicionalne fotomultiplikacijske cevi (PMT). V prispevku bo predstav­
Ijen trenutni polozaj na projektu, ki je podprt od Italijanskega nacionalnega instituta za nuklearno fiziko (INFN) v okviru sodelovanja DASIPM, ki vkljucuje 
nekatere univerze ter Center za znanstvene in tehnoloske raziskave (FBKirst, Trento, Italy). Predstavljeni bodo novi dosezki na podrocju SIPM tehnologije, 
skupaj z nekaterimi preliminarnimi rezultati ter obravnavo moznih aplikacij v medicini in astrofiziki. 

1 Introduction 

Efficient detectors for low-light level (LLL) and photon count­
ing applications are today required in a large variety of fields 
including astroparticle physics, nuclear medicine and high­
energy physics. For such experiments, photon detectors 
typically employed are vacuum photon detectors, i.e., pho­
tomultiplier tubes-PMT, micro-channel plate photo-multi­
pliers -MCP, hybrid photodetectors-HPD /1-3/. The main 
advantages of such devices are high internal gain (106

-

107), very good timing resolution (tens or hundreds of ps) 
and good single photoelectron resolution. However, these 
devices have low quantum efficiency limited by the photo­
cathode materials, high operation voltages, they are sen­
sitive to magnetic fields and the vacuum technology used 
for their fabrication confers them a bulky shape and sensi­
tivity to handling. 

The search for new photon detectors which can over-come 
the drawbacks of vacuum photon detectors has lead to 
the development of solid state photon detectors (PN or 
PIN photodiodes, avalanche photodiodes-APD and ava­
lanche photodiodes operating in linear Geiger-mode­
GAPD or SPAD) /4, 5/. These solid-state devices have 
important advantages overthe vacuum ones, namely high­
er quantum efficiency, lower operation voltages, insensi­
tivity to the magnetic fields and robustness and compact­
ness. The step-by-step evolution of solid-state photon de­
tectors was mainly determined by their internal gain: a PIN 
has no gain, an APD has a gain of few hundreds and the 
GAPD gain is 105 -106 . A gain comparable with that of the 

vacuum photon detectors allowed the GAPD to achieve 
single-photon sensitivity and to be used in LLL applications 
(-10 7 photons/mm 2/sec). 

Essentially, a GAPD is a p-n junction that operates above 
the breakdown voltage. At this bias, the electric field is so 
high that a single charge carrier injected into the depletion 
layer can trigger a selfsustaining avalanche (so-called Gei­
ger breakdown). The Geiger breakdown mechanism in 
avalanche diodes was studied several years ago /6, 7/ 
and important progresses on suitable quenching circuits 
al. /8/. However, a GAPD has the disadvantage that it acts 
as a binary device, having a standardized output signal in­
dependent of the number of incident photons. A new struc­
ture called Silicon Photo- /9-10/ overcome this inherent 
limitation bringing together on the same substrate many 
micro-cells connected in parallel, in which each micro-cell 
is a GAPD in series with its integrated quenching resistor. 
Therefore, the SiPM acts as an analog device with an out­
put signal representing the sum of the signals from all fired 
micro-cells and it becomes a suitable solid-state device 
for LLL detection and photon counting applications, includ­
ing the detection of the space radiation in astroparticle 
physics, medical imaging in nuclear medicine, and calor­
imetry in high-energy physics /11, 12/. 

At the beginning of 2005, within collaboration between 
the Italian National Institute for Nuclear Physics (INFN) and 
the Center for Scientific and Technological Research of 
Trento, Italy (FBK-irst), a 3-year project aimed at the devel­
opment of silicon photomultipliers was launched. Within 
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