FPGA-based Time-to-digital Converter with steady-calibration
through single-photon statistics for harsh environments
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SUMMARY

We present an FPGA-based TDC, called MARTY, that exploits the statistics of single-photon detection to provide the proper input distribution to guarantee bin
calibrations during the signal acquisition without any TDC stop or data loss. TDCs usually integrate a ring-oscillator to provide the statistics for the calibration,
which requires the data acquisition to be stop. Our configuration, called “steady calibration”, allows to combines the acquisition and the calibration. The
advantage is not only the removal of data loss but also an improvement in the performances of the TDC (i.e., its jitter) as the calibration is carried out at every
event. This application is particularly well-suited for Satellite Quantum Communications where single-photon detectors (SPDs) are part of a setup in a harsh
environment. As a matter of fact, temperature has a direct effect on the jitter of tapped delay-line TDC. The system was implemented on a Zyng7020 and
successfully tested between 5° and 85° [1]. It was also integrated in a Quantum Communication system.
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