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Supplementary Note: Characteristics of the master oscillator power 

amplifier system for third-harmonic generation experiments 

In our third-harmonic generation (THG) experiments, the multimode adiabatic submicron taper 

(MAST) is pumped by optical pulses generated from a master oscillator power amplifier 

(MOPA) system that employs our widely tunable ultra-narrow-linewidth dissipative soliton 

erbium-doped fiber laser [1] as the oscillator (see Fig. 4a in the main text). The soliton fiber 

laser emits an 8-GHz (64-pm)-linewidth, 110-ps pulse train at 2.1 MHz repetition rate. The 

pulse width of the MOPA output is also measured to be 110 ps by using an intensity 

autocorrelator (Supplementary Fig. 1a). We emphasize that the 110 ps pulse width is 

sufficiently broad compared to the theoretically predicted temporal walk-off of 16 ps between 

the fundamental wave in the LP01 mode and the third harmonic (TH) in the LP02 mode in the 

10-mm-long MAST waist (Supplementary Fig. 1b), allowing the significant temporal overlap 

between the pump pulse and the TH signal to be maintained over the entire MAST waist. On 

the other hand, the maximum attainable pulse peak power for the THG experiment is 1.8 kW, 

which is mainly limited by the self-phase-modulation-induced spectral broadening at the power 

amplifier in the two-stage erbium-doped fiber amplifier. The resultant spectral width of the 

MOPA output increases up to 0.44 nm at such high peak powers (Supplementary Fig. 1c), 

which is comparable to the theoretically predicted bandwidth of 0.3 nm for the THG process 

in the 10-mm-long MAST waist (Supplementary Fig. 1d). 
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Supplementary Figure 1. Characteristics of the pump pulses generated from the master 

oscillator power amplifier (MOPA) system at the maximum pulse peak power (1.8 kW) 

for third-harmonic generation (THG) experiments. (a) Intensity autocorrelation trace. (b) 

Theoretically predicted temporal walk-off between the 1550 nm pump pulse and the 517 nm 

third harmonic (TH) in a multimode adiabatic submicron taper (MAST) of the waist thickness 

of 0.76 µm, as a function of the waist length. (c) Optical spectrum measured with a grating-

based optical spectrum analyzer. (d) Theoretically predicted phase-matching bandwidth of 

THG as a function of the waist length. In b and d, the green solid circles correspond to the 10-

mm-long waist in our THG experiments. In a and b, the 110 ps pulse width is sufficiently

broader than the theoretically predicted temporal walk-off of 16 ps in our THG experiments,

allowing the temporal overlap between the pump pulse and the TH signal to be maintained

significantly over the entire MAST waist. In c and d, the 3-dB spectral width of the MOPA

output increases up to 0.44 nm via self-phase modulation (SPM) at such high pulse peak powers,

which is comparable to the 3-dB phase-matching bandwidth of 0.3 nm for the THG. The

nonlinear spectral broadening is the main limiting factor of the attainable pulse peak power for

our THG experiments.



4 

 

Supplementary References 

1. Ha, C. K., Lee, K. S., Kwon, D., & Kang, M. S. Widely tunable ultra-narrow-linewidth 

dissipative soliton generation at the telecom band. Photon. Res. 8, 1100–1109 (2020). 

 


