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Lower-noise and higher-stability mode-locked lasers and frequency combs are becoming more 

important and useful sources for a variety of applications ranging from precision spectroscopy to photonic 

signal generation and processing. In particular, all-fiber-based sources have clear advantages such as low 

cost, alignment-free operation, lightweight, and long-term stability. In this talk, I will overview our recent 

progress in realizing ultra-stable and ultra-low-noise mode-locked fiber lasers and frequency comb sources. 

First, we realized ultralow timing jitter and intensity noise mode-locked fiber lasers by employing 

several different methods. One of the most powerful methods for noise reduction is dispersion engineering 

toward zero dispersion. It has enabled 100-attosecond-level timing jitter (integration bandwidth: 10 kHz – 

40 MHz offset frequency) from mode-locked Er- and Yb-fiber lasers [1,2]. In addition, proper use of 

optical bandpass filtering enables dramatic suppression of relative intensity noise to <-140 dB/Hz level for 

the entire >20 Hz offset frequency range [3]. 

Second, in order to stabilize the timing of free-running mode-locked lasers, we have developed 

all-fiber photonic repetition-rate stabilization methods [4]. By using an all-fiber Michelson interferometer 

with a km-scale fiber delay line in one arm, we can stabilize the repetition-rate of mode-locked lasers to the 

equivalent stability of the fiber delay (δτ/τ). When using a 10-km long fiber delay, the repetition-rate of a 

mode-locked Er-fiber laser could be stabilized to 10-14-level frequency instability within 1-s [5]. The timing 

jitter is also suppressed down to ~1 fs level over 1-s time scale. We also demonstrated the generation of 

ultralow phase noise and frequency-tunable X-band microwave signals from this source [6].  

In summary, by combining an ultralow-noise mode-locked fiber laser and an ultra-stable 

fiber-delay-based timing reference, we have demonstrated an all-fiber photonic signal generator that emits 

ultra-low-noise optical pulse trains and microwave signals. With its simple implementation and robust 

operation, these sources may find more widespread applications outside laboratory environment such as 

timing and synchronization, microwave generation, photonic radars, analog-to-digital conversion, and 

time-of-flight sensing, to name a few.   

 

References 
[1] Y. Song et al, Opt. Express 19, 14518-14525 (2011). 
[2] T. Kim et al, Opt. Lett. 36, 4443-4445 (2011). 
[3] D. Kim et al, Opt. Lett. 42, 4095-4098 (2017). 
[4] K. Jung et al, Sci. Rep. 5, 16250 (2015). 
[5] D. Kwon et al, Opt. Lett. 42, 5186-5189 (2017). 
[6] J. Wei et al, Photon. Res. 6, 12-17 (2018). 

 

第79回応用物理学会秋季学術講演会 講演予稿集 (2018 名古屋国際会議場 (愛知県名古屋市))21p-221B-2 

© 2018年 応用物理学会 04-140 4.3


