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Precise time measurement and event correlation have gained a prominent role in a large variety of quantum photonics
applications, including quantum communication, quantum simulation, and quantum computing. The increasing
complexity and scale of quantum photonic systems, particularly those capable of generating, manipulating, and
detecting single photons, necessitate advanced electronic timing systems that can accurately capture coincidence
events across multiple channels. A highly effective approach for measuring the time of arrival of a photon, detected
by single-photon detectors such as single-photon avalanche diodes (SPADs) or superconducting nanowires, is
the cascading of a time-to-amplitude converter (TAC) with an analog-to-digital converter (ADC), a configuration
distinguished by its high precision and linearity [1].

In this work, we present a novel 8-channel time-tagger featuring an ASIC 8-channel TAC implemented in
350-nm Si-Ge technology. The TAC architecture builds upon the parallelization of the single-channel TAC design
previously introduced in [2], enabling the measurement of time intervals across four selectable full-scale range
(FSR) options: 12.5 ns, 25 ns, 50 ns, and 100 ns. The acquisition chain of the time-tagging module is illustrated in
Fig. 1(a). The electrical pulses generated by photodetectors (start) are processed through high-speed, low-jitter
comparators before the TAC measures their arrival times relative to a reference signal (stop). These measurements
are subsequently digitized by an 8-channel ADC and processed in real time by a Kintex-7 FPGA (XC7K160T),
which produces absolute time-tagging of events. The resulting data is transmitted to a PC via a USB 3.0 interface,
ensuring high-speed data transfer. Fig. 1(b) demonstrates the precision performance of the system, highlighting a
timing jitter as low as 3.4 ps-rms with a resolution of 763 fs over the shortest FSR of 12.5 ns. Additionally, the
module achieves a differential nonlinearity (DNL) as low as 1.44%-rms of the LSB. At the core of the system,
the 8-channel TAC facilitates precise and linear measurements while employing resource-sharing techniques to
minimize area occupation, establishing it as a scalable and robust foundation for the development of time-tagging
units with an expanded number of channels.
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Fig. 1 (a) Schematic of the time-tagging system featuring an 8-channel TAC. The front-end includes high-speed, low-jitter
comparators, with the TAC measuring the time interval, digitized by an ADC. Data processing occurs in real-time via an FPGA,
with results transferred through a USB 3.0 interface. (b) Precision performance of the system: example measurements of specific
time intervals, showcasing a timing jitter as low as 3.4 ps-rms with a resolution of 763 fs over 12.5 ns FSR.
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