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Research Progress of High Precision Free Space Optical Time-Frequency
Reference Transfer Technology

Yu Liandong’, Zhu Jiasheng, Lu Yang
College of Control Science and Engineering, China University of Petroleum (East China),
Qingdao 266555, Shandong, China

Abstract Free space time-frequency reference transfer is the key technology in the application such as global timing and
synchronization, high-speed broadband communication, satellite formation flight, and space physical parameter
monitoring. The development of optical clock technology puts forward higher requirements for the transfer accuracy of
optical time-frequency reference. This paper introduces recent research progress on free space optical time-frequency
reference transfer technology, especially the phase and space noise compensation methods based on optical frequency comb
carried out by different research institutions, to satisfy the high precision time-frequency transfer under atmospheric

turbulence. Finally, the applications using free space optical time-frequency transfer technology are summarized and

prospected.
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Fig. 2 Free space phase-stabilized frequency transfer system™"
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Fig. 5 Schematic of time reference transfer of NIST.

(a) Schematic of clock synchronization on 12 km link™;

(b) schematic of clock synchronization on mobile

platform™”
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Fig. 7 Schematic of optical time-frequency reference transfer in three-node network™
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Table 1 Research progress of free space optical time-frequency reference transfer in each research unit

Research unit Optical source Path length /km Transfer accuracy

Observatoire de Paris'"”’ 1064 nm Nd: YAG laser 5 1.3X10 "@1 s
NIST" Optical frequency comb 2 5X10 @1 s
UWA™ 1550 nm continuous laser 0.6 8.9X 10 "@1s
NISTH Optical frequency comb 4 1.2X107"@1 s

KAIST™” Optical frequency comb 18 3.54 X107 "@0. 1 s
NIST™! Optical frequency comb 28 2.5X107"@1 s

UESTC™ 1550 nm continuous laser 0.12 1.4X10 @1 s
UWA'!™ 1550 nm NKT Photonics X15 laser 0.265 8X 10 "@1 s
usTCcH Optical frequency comb 16 3X107"@1 s
UsTCH Optical frequency comb 113 2X107"@1 s
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