
























5. Conclusions

In this work, we demonstrate a high signal-to-noise ratio measurement of the spatial second-order
correlation function of a high flux SPDC light source by means of a monolithic, fully digital
and high temporal resolution SPAD pixel-array. The data acquisition time of the here presented
measurements is below 3 minutes. Therefore, despite the low measurement duty cycle of 0.33%,
the simultaneous measurement on all pixels outweighs conventional scanning experiments in
terms of mechanical complexity and in measurement time. This is even more the case for multi-
photon experiments where higher photon numbers are involved. With the given 128 pixels and
second-order correlation measurements, a time reduction factor of 1282 × 0.33% = 54 is realized
compared to a single pixel scanning experiment with optimal duty cycle.

At a PDE of 0.57% at 810 nm and a total DCR of 7.9 Mcps over all pixels, a high rate of
accidental coincidence events originating from single photons and dark count events are expected.
The photon arrival time resolution of 265 ps allows to realize a small coincidence window which
keeps accidentals at a minimum. The remaining accidentals can be estimated very accurately
and removed in a post-processing step.

The presented measurement of the second-order correlation function is currently only possible
by splitting the photon pair and imaging it onto two distant parts of the sensor. Otherwise, pixel
crosstalk would have superimposed and, to a large extent, masked the signal. Since the digital
signal handling prevents electrical crosstalk events, the observed crosstalk, over distances of
more than 100 µm, has to be mainly of photonic origin. Light emitted in SPAD avalanche events
is reflected back by the glass surface of the chip and thereby leads to secondary detection events.
Preliminary measurements with a sensor of the same type having no glass surface on top support
this hypothesis.

The sensor is currently not optimized for quantum imaging experiments, neither for the used
wavelength and, compared to the sensors presented in [39–43], shows a considerably high DCR.
Nevertheless, it showed the potential of a planned next generation sensor where a higher pixel
density, a higher PDE and a better measurement duty cycle is desirable in order to further reduce
the measurement time. The latter can be achieved by a higher frame rate or, to avoid unfeasible
high data rates, by a frame readout triggered by multi-pixel events. To avoid the splitting into
individual photon beams in future experiments, particular efforts will be put onto the reduction
of crosstalk. This will pave the way for fast, higher photon number imaging experiments and
applications.
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