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Abstract

timing precision is a crucial for these instruments to achieve their ultimate goals. This study reviews recent advances

Precise timing has become a necessary technology for many large-scale advanced scientific facilities, and

in timing technologies, including timing characterization for different kinds of sources (lasers, microwaves, and X-
ray pulses) and large-scale timing synchronization systems based on free-space links and optical fibers.
Furthermore, the primary limitations of timing systems and the future research prospects are discussed herein.
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Table 2 Performance comparison of large-scale timing synchronization systems

Continuous

Timing
Reference Function Characteristic Distance /m operation
i drift /fs
time /h
Laboratory with
[74] Link stabilization ) 76.2 130 2.6
atmospheric turbulence
Outdoor with
[75] Link stabilization ) 52 1.39 280
atmospheric turbulence
Free Outdoor with
[76] Link stabilization ) 2000 3 2.5
space atmospheric turbulence
Outdoor with
[78]  Optical-optical synchronization 4000 48 ~6
atmospheric turbulence
Optical-microwave Outdoor with
[79] 4000 8 ~4
synchronization atmospheric turbulence
CW modulated
[85] Link stabilization ) 2200 60 19.4
by microwave
[51] Link stabilization Pulse+SMF+BOC 300 72 6.4
[88] Link stabilization Pulse+PMF+BOC 1200 384 0.6
) Pulse+ SMF+BOC+
[89] Link stabilization 800 13.5 2.3
XFEL in field
Pulse+PMF+all fiber
[90] Link stabilization 3500 200 3.3
coupled components
Pulse+PMF+
[91] Link stabilization 1200 28 0.75
integrated BOC
Pulse+PMF+BOCH
Fiber [53] Link stabilization . 4700 52 0.2
power compensation
Optical-optical
[93] o Pulse + PMF+BOC 3500 10 2.3
synchronization
Optical-optical Pulse+PMF+BOC+
[53] o ' 3500 14 0.094
synchronization power compensation
Multi-color optical- Pulse+PMF+
[96] 4700 40 0.6
optical synchronization two-color BOC
Microwave-microwave Pulse-+ SMF + optical-
[94] . 2300 92 36
synchronization microwave phase detector
Optical-optical & Pulse+PMF+BOC+ BOMPD-+
[96] , o , 4700 18 0.67
microwave synchronization power compensation
Optical-microwave & Pulse+PMF—+
[97-98] 4 o 4700 2.5 1.76
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