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Abstract — At the Anhui University infrared free-electron laser (FEL) facility, an optical beam-loss monitor (0BLM) diagnostic
system is under development for spatially continuous beam-loss monitoring along the accelerator beamline. To meet the stringent
position-resolution requirements of compact accelerators and to mitigate event ambiguity under multi-bunch operation, an optical
fibre Is installed parallel to the beamline and coupled to photomultiplier tubes (PMTs) at both ends. Cherenkov light generated by
beam losses propagates along the fibre to the two PMTs. After conditioning with a transimpedance amplifier and a high-speed
comparator, the signals are digitized by an FPGA-based time-to-digital converter (FPGA-TDC) to obtain precise timestamps. The
differential arrival times measured at both ends enable accurate reconstruction of the bunch ID and the longitudinal beam-loss
position. To satisfy the oBLM requirements on timing precision and short inter-event intervals, we propose a low-dead-time Wave
Union FPGA-TDC architecture.

Limitation of the Traditional Wave Union TDC Encoder
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When the minimum event interval is one system clock period, at most !
two events can coexist in the TDL at any time, with a sufficiently large
separation. The same applies to each sub-TDL, where the events are
referred to as sub-events. Based on this property, we propose a region-
based aggregation encoding method to distinguish transition edges from |
different events. i
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Specifically, each sub-TDL is divided into three overlapping regions: the

front, middle, and rear regions. Two properties can be derived.:

® \When two sub-events coexist, they appear in the front and rear regions,
respectively;

® \When an event reaches the middle region, only one sub-event is
present, and its code can be jointly determined from the front and rear
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Fig. 2. (a) Block diagram of the proposed TDC. (b) Sub-event aggregation encoder. (c) Sub-TDLs

encoder.

Test Result

The proposed 4-edge WU TDC is implemented on 5

the AMD Zynq UltraScale+ ZU3EG FPGA and
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subsequent analysis is performed in MATLAB to Fig. 4. Encoding results.

Measuremen t Result (ps)

Ve”fy proper SyStem operatlon. Fig. 6. Histogram of the measured 1.33ns time interval.



