A multi-channel trigger and acquisition board for TDC-based readout:
application to the cosmic rays detector of the PolarQuEEEst 2018 project.
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In the 2018 summer the PolarQuEEEst experiment accomplished a measurement of cosmic rays flux in the Arctic. The detector, installed on a sailboat, was
based on scintillation tiles read by a total of 16 SiPMs. A multi-channel board (called TRB) has been designed to process the discriminated SiPM signals
providing self-trigger capability and time-to-digital conversion. TDC conversion has been implemented in FPGA and in a HPTDC chip (as a backup).

Hereinafter, the board 1s detailed, and the PolarQuEE

HEst project, including further measurement campaigns, is shown.
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The portable Acquisition System has been
designed for PolarQuEEEst project. TRB provides
trigoger and data acquisition. Raspberry PI configures
and control runs, acquires environment sensofrs.
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The FPGA and TDC implementation

Fach TDC is implemented with a 512-length carry chain,
sampling 1 out of 4 taps (2 logic cells shown, left) at 320
MHz. ~40 ps resolution is expected. Partitions are used to
block TDC chains (blue and orange cells, right).
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Each TDC channel is checked for bin non-uniformity
(left). The resolution can be obtained by sending the same
pulse to each channel and measuring the phase difference
between every pair (right) which is the square sum of the
single channel resolution. Therefore, channel resolution
can be calculated by solving linear systems and typical
achieved values range from 40 to 90 ps.
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200 ps resolution (for low
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SiPM time-over-
threshold cumulative
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