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Abstract: Femtosecond laser sources operating at around 2 pum spectral range support a plethora of applications,
especially in high-resolution molecule spectroscopy, synthesis of mid-infrared optical frequency combs, and
broadband mid-infrared sources. Cr:ZnS/ZnSe with broad emission bands is an ideal material to support
femtosecond pulse generation at around 2 um spectral range. Femtosecond mode-locked lasers with all-normal
dispersion have recently attracted great attention due to their short pulse duration and large output pulse peak
power. An operation of femtosecond Kerr-lens mode-locked laser was demonstrated in Cr: ZnS with all-normal
dispersion. The laser system delivered stable mode-locked pulses with pump power of 5.1 W, spectral range from
2.0 to 2.7 pm, average power of 660 mW, duration of 37 fs. It is the first time to realize the operation of
femtosecond mode-locked solid laser with all-normal dispersion in Cr: ZnS, which have potential applications in
high-resolution molecule spectroscopy and generation of broadband mid-infrared sources.
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Tab.1 Parameters of SESAM or Kerr-lens mode-locked output pulses in Cr:ZnS

Published year Mode-locking method Pulse width Average power Ref.
2006 SESAM 1.1 ps 125 mW [23]
2012 SESAM 130 fs 130 mW [17]
2013 KLM 68 fs 1w [19]
2016 KLM 41 fs 1L9W [24]
2017 KLM 125 fs 80 mW [25]
2019 KLM 45 fs 1w [13]
2020 KLM 34 fs 0.8 W [26]
2021 KLM 23 fs 1.4 W [27]
2021 SESAM 79 fs 0.8 W [28]
2021 KLM + normal dispersion 37 fs 0.66 W This work
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Fig.l Experimental setup. DM: dichroic mirror; CM: chirped mirror;
TM: third-order dispersion mirror; FL: focusing lens; H: hard

aperture
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Fig.2 Curve of group delay dispersion. (a) Group delay dispersion curve
of 1 mm Cr:ZnS, single CM and single TM; (b) Net round-trip

group delay dispersion curve in the cavity
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Fig.3 (a) Simplified mode of resonator cavity; (b) Calculation of Kerr

lens sensitivity in gain crystal
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Fig.8 (a) Oscilloscope pulse trace of mode-locking pulses; (b) RF

spectrum of the mode-locking pulses sequence
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