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2.8-um Er:ZBLAN Fiber Soliton Self-Compression Amplifier

Zhou Yicheng"?, Qin Zhipeng"®, Xie Guogiang"*

' School of Physics and Astronomy, Key Laboratory for Laser Plasmas (Ministry of Education), Shanghai Jiao

Tong University, Shanghai 200240, China ;

Abstract

Objective

* Collaborative Inmovation Center of IFSA (CICIFSA), Shanghai Jiao Tong University, Shanghai 200240, China

Mid-infrared (2-20 pm) laser has a broad prospect in the applications including molecule spectroscopy,

material processing, biomedicine, and basic physics research. Mode-locked all-solid-state laser, optical parametric

oscillator or amplifier, and mode-locked fiber laser are some general methods for generating mid-infrared ultrafast

laser. In the generation of this laser, the mode-locked fiber laser stands out owing to its advantages of flexible
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structure, fast heat dissipation, and good beam quality. Currently, diode-pumped Er:ZBLAN fiber has been widely
investigated at 2. 8 pm because of its high gain and efficiency. Researchers from Laval University have realized
femtosecond mode-locked pulses at 2.8 pm using a nonlinear polarization rotation technique, with a pulse width of
207 fs and a peak power of 3.5 kW. However, owing to the high nonlinearity of single-mode fiber and the large
anomalous dispersion of ZBLAN fiber at 2.8 pm, the intracavity soliton tends to split at a low peak power. It is an
efficient way to amplify the mode-locked pulses to obtain higher pulse energy and peak power. In this study, we
reported a 2.8-um Er:ZBLAN fiber soliton self-compression amplifier with a pulse width of 110 fs and a peak power
of 151 kW.

Methods Based on a generalized nonlinear Schrodinger equation, we numerically simulated the pulse evolution in
the fiber amplifier. Influence of the saturation energy on the output pulses was investigated. The pulse evolution
process in the fiber was used to explain the soliton-self-compression phenomenon in detail (Fig. 1). Guided by the
simulated results, we constructed a 2. 8-pm Er:ZBLAN fiber amplifier, seeded by a nonlinear polarization rotation
(NPR) mode-locked Er:ZBLAN fiber laser (Fig. 2). The amplified pulses were characterized using a mid-infrared
spectrometer (Ocean Optics, SIR5000) and intensity autocorrelator (APE, PulseCheck 150) under different incident
pump powers.

Results and Discussions Fig. 1 shows the numerical simulation results. The pulse width of the seed pulse is
240 fs, and the peak power is 3.1 kW. The spectrum gradually broadens as the amplified pulse energy increases from
4 nJ to 17 nJ owing to the self-phase modulation [Fig. 1(a)]. The amplified pulse is shortened to 124 fs because of
the combined effect of the anomalous dispersion and self-phase modulation [ Fig. 1(b)]. Slight spectrum red-shift is
observed through the soliton self-frequency shift. The soliton splitting due to the excess accumulation of nonlinear
phase shift limits the higher pulse energy. Figs. 1(c¢) and 1(d) show the pulse evolution with the fiber in the time
and frequency domains, respectively; the soliton self-compression process is clearly visible. Fig. 3 shows the
experimental results of the mode-locked fiber laser. At 54.3 MHz, stable mode-locked pulses with a pulse width of
240 fs and a peak power of 16.9 kW are obtained. The seed source is connected to the amplifier fiber, and the
average power output is measured (Fig. 4). The shortest pulse width after fiber amplification is 110 fs [Fig. 5(a)].
The center wavelength is shifted from 2780 nm to 2809 nm [Fig. 5(b)]. When the pulse energy reaches 16.6 nJ,
the calculated peak power of the output pulse is 151 kW. Pulse splitting is observed as the pump power increases
further.

Conclusions Herein, we report a high-peak-power Er:ZBLAN fiber amplifier at 2.8 pm that is seeded by an NPR
mode-locked Er: ZBLAN fiber laser with a pulse width of 240 fs and a peak power of 3.1 kW at 54.3 MHz. A
numerical simulation of the model amplifier based on a generalized nonlinear Schrédinger equation is used to analyze
its operation and demonstrate the soliton self-compression process. We experimentally obtain the amplified pulses
with a pulse width of 110 fs and a peak power of 151 kW. Our results show that self-compression amplification is a
reliable method for producing high-peak-power mid-infrared ultrashort pulses at 2.8 pm. In future, higher-peak-
power pulses are expected from the Er : ZBLAN fiber amplifier through dispersion management and system
optimization.

Key words lasers; ultrafast lasers; mode-locked lasers; laser amplifiers; infrared and far-infrared lasers
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