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Single-Photon Avalanche Diode Controlled by Active Quenching Circuit
Student: Hung-Jen Hsu Adviser: Dr. Sheng-Di Lin

Department of Electronics Engineering & Institute of Electronics

National Chiao Tung University

Abstract

In this work, we study single-photon-avalanche-diodes (SPADs) with an active
quenching circuit (AQC) by using the standard 0.18 pm CMOS technology. Because the dead
time of SPAD with passive quenching circuit is too long, the main target of the AQC design is
to shorten it. On the other hand, the large chip area of AQC will reduce the spatial resolution
of the fabricated SPAD array so to minimize the AQC is also important. Our SPADs with
well-designed AQC show the fastest dead time of 4 ns, and use the smallest chip area of
15.7 x 15.2 um?, comparing with others using 0.18 um CMOS technology. In addition, we
demonstrate the function of tunable hold-off time which can be adjusted, according to the
characteristics of SPAD, to reduce afterpulsing effect and to lower dark counts. The measured
dead time can be extended to more than 280 ns, and the reduced equivalent dark counts are
also obtained. Finally, we observe that dark counts and photon detection efficiency (PDE)
both increase with increasing excess bias voltages. The highest PDE of 7.5% is achieved. The

noise equivalent power (NEP) is about 10" WHz 2.
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