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Silicon avalanche photodiodes (APD) are solid-state devices which have internal gain. Since the
good features of both photodiodes (PDs) and photomultiplier tubes (PMTs) are shared in a single device,
APD offers new design for physics experiments and devices for nuclear medicine. In particular, thanks to
its high quantum efficiency (QE) and low noise, reverse-type APDs generally show much better energy
resolution than traditional PMTs when coupled to various scintillators. Most recently, we have developed
various large area reverse-type APDs with Hamamatsu Photonics, up to 32x32 mm? square area. Such
large dimensions have been awaited by researchers world-wide, and further extend the potential of APDs
for various application such as in space science and nuclear medicine. For example, the use of APDs in
space experiments is now validated thanks to successful launch of the Cutel.7+APD II, which has
measured both electron/proton distributions in Low Earth Orbit at E > 9 keV. Moreover, the mission
successfully demonstrated an active gain control system to keep the APD gain stable under moderate
temperature variations. In other aspects, an APD is a compact, high performance light sensor that could be
used in the strong magnetic field MRIs. An ultimate spatial resolution as better as sub-mm will be possible
by adopting small pixel, high density APD pixels. Future PET detectors with time-of-flight (TOF)
capability may be expected thanks to very fast time response of the APD devices. As a first step, we have
developed a versatile APD-based PET modules for future applications in high resolution, fast medical
imaging. We will also discuss future use of digital (Geiger-mode) APDs, such as multi-pixel photon
counter (MPPCs) in similar medical imaging applications.
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Fig.5 The Cutel.7+ APD II. White
circles indicate where the APD

devices are implemented.
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(middle) LYSO pixel and (right) 16x16 matrix to be coupled with the APD-array.
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Fig.10 (left) Three types of large-area, reverse type APD-arrays. Pixel size is 2x2 mm?, 1x1 mm®and

0.5x0.5 mm?, respectively. (right) improvement quantum efficiency of the UV-enhanced APD-array.
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Fig.11 (upper) A schematic diagram of the
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Fig.12 (left) Spectrum of **Na source with the ASIC connected to LYSO pixel scintillator and

single APD, measured at +25 deg. Electronic timing resolution of the analog front-end circuit.
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Fig.14 (left) A system chart of an imaging test experiment using two units of APD-based PET module.

(right) A picture of test system consisting of X and 0-stages.
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Fig.16 (left) A picture of 4x4 MPPC arrays for future PET application produced by Hamamatsu Photonics
K K., (middle) response of MPPC for weak LED signal, (right) energy spectrum of 662 keV gamma-rays
obtained with a single pixel MPPC and CsI(T]) scintillator of 3x3 mm? size.
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