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Fig. 1. Bi film characterization results: (a) Scanning electron microscope images for the taper region of the microfiber coated with

the bismuth film (the inset shows the surface morphology of the bismuth film); (b) optical fiber end face with bismuth coating;

(c) thickness of bismuth thin film deposited on optical fiber; (d) Raman spectrum of bismuth film; (¢) XRD diagram of the bis-

muth film; (f) linear transmittance of bismuth thin film.
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Fig. 2. Nonlinear characterization of micro-nano fiber-bismuth SA: Optical microscope images of the waist region of the sample

(a) without and (b) with the guiding 650 nm light; (c) saturable absorption property of SA.
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Fig. 3. (a) Normalized open-aperture Z-scan traces with different excitation powers; (b) normalized close-aperture/ open-aperture

Z-scan trace.
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Fig. 5. Mode-locking characteristics at 1.5 pm: (a) Mode-locking optical spectrum; (b) RF spectrum at a fundamental frequency of

19.0 MHz with 10 Hz resolution; the inset shows the RF spectrum of 100 MHz span; (c) autocorrelation trace for an output pulse

with a pulse duration of 357 fs with sech? fit; the inset is the oscilloscope trace of the output pulse train; (d) relationship between

the input power and laser output power/pulse energy.
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Table 1.

Comparison of different mode-locked lasers based on Bi saturable absorbers.

Fabrication Integration method Ao/nm SNR/dB Ppump/ Pave/mW E/m]  1/fs  a/% KR
LPE Microfiber 1559.18 55 542/1.15 0.13 652 2.03 Ref. 28]
LPE Microfiber 1034.4 45 238/8.35 — 30250 2.2 Ref. [29]
LPE Microfiber 1561 55 350/5.6 — 193 5.6 Ref. [30]
LPE Gold mirror 2030 — 2000/110 6.6 978 — Ref. [31]
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Abstract

We demonstrate a bismuth (Bi) saturable absorber (SA) for generating ultrafast pulse. The Bi SA is
fabricated by the Bi film deposited on the surface of microfibers through using magnetron sputtering. Its
nonlinear optical properties are investigated. The as-prepared Bi SA has outstanding nonlinear absorption
property demonstrated by the open aperture (OA) Z-scan system at 1500 nm and balanced twin-detector
method at 1560 nm. The nonlinear optical property of Bi SA shows that the modulation depth, the
nonsaturable losses, and the saturable intensity at 1.5 pm are 14% and 79%, and 0.9 MW /cm?, respectively.
Besides, the closed aperture (CA) Z-scan measurement is also implemented to estimate the nonlinear refractive
index of Bi film. The Bi film shows that the typical CA/OA curve possesses the feature of peak-valley profile,
meaning that the sample with a negative nonlinear refractive index is self-defocusing. In our experiments, the
parameters of the nonlinear absorption coefficient 8 and the nonlinear refractive index n, are estimated at about
2.38 x 10* cm/W and -1.47 x 10 ¢cm?/W according to the actual experimental data points, respectively. To
further investigate its nonlinear optical property, the microfiber-based Bi SA is embedded into an erbium-doped
fiber laser with a typical ring cavity structure. Based on the Bi SA device, the stable ultrafast pulses are
generated at 1.5 pm with the pulse width of 357 fs, the output power of 45.4 mW, corresponding to the pulse
energy of 2.39 nJ, and the signal-to-noise ratio is 84 dB. The stable soliton pulses emitting at 1563 nm are
obtained with a 3-dB and 6-nm spectral bandwidth. The experimental results suggest that the microfiber-based
Bi SA prepared by magnetron sputtering deposition (MSD) technique can be used as an excellent photonic
device for ultrafast pulse generation in the 1.5 um regime, and the MSD technique opens a promising way to
produce high-performance SA with a large modulation depth, low saturable intensity, and high power tolerance,

which are conducible to the generation of high power and ultrafast pulse with high stability.

Keywords: saturable absorber, fiber laser, magnetron sputtering deposition, bismuth
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