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Evolution of Single photon detectors

Basic principle:
- Photo-emission from photo-cathode

- Secondary emission (SE) from N dynodes:

-dynode gain g=3-50 (function of
incoming electron energy E);

-total gain M:
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PMT was invented and commercialized in 1936



SPADs or G-APD
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Features

e Gain: “infinite” » Fast response: ~ ps levels
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Silicon Photomultiplier (SiPM)

« SiPM (Silicon Photomultiplier) was originally developed in
Russia around 1990
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Arbitrary counts
Arbitrary counts
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PPD signal (ADC) PMT signal (ADC)

e SIPM can discriminate the number of incident photons as
discrete levels on the output node

* The ability to measure the single-photoelectron spectrum is a
feature of the SIPM that is not possible with PMT detectors!!



Timing of SIPM

*The avalanche
breakdown process
IS fast (~ps)

*\Very good timing
properties are
expected even for
single photons
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Contribution from the laser and the electronics is
40 ps each. — time resolution 100 ps FWHM
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0. 5mmx0. 5mm SiPM Az 4514
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Counts

Immx1mm SiPMiR:
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