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Wavelength-Tunable Mid-Infrared Femtosecond Laser Pulses Generation, Shaping and Optical

Parametric Amplification by Intra-Pulse Frequency Mixing

Ryohei Hida, Takakazu Suzuki, Yuki Yamaguchi, and Hirofumi Nemoto

Abstract

We generate a versatile mid-infrared (MIR) laser pulses
with a single super-continuum (SC) pulse generated from
800-nm femtosecond laser. MIR pulses are generated
through difference frequency mixing (DFM) in a Type-I
nonlinear crystal between the short and the long
wavelength band in a single SC pulse. By controlling the
spectral phase of the SC pulse using a liquid crystal
spatial light modulator (LC-SLM) in a 4-f pulse shaper,
our method can arbitrarily adjust the center wavelength,
bandwidth, and pulse shape of the MIR laser pulses. In
addition, we amplified the MIR pulses by OPA using a
PPLN crystal, and measured waveform by XFROG
system. In principle, these mid infrared pulses exhibit
stable carrier-envelope phase (CEP) since they are

generated from a single SC pulse.
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Fig. 1 Schematic of MIR pulse generation. (a) Broadband
pulse generation, (b) Pulse shaping, and (c) MIR pulse

generation.
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Fig. 2 Spectral and temporal waveform of SC pulse. (a)
spectral waveform, and (b) temporal waveform. A blue
curve is intensity and a red curve is phase of the SC pulse

measured by SPIDER.
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Fig. 3 Spectral and temporal waveform of SC pulse

(after dispersion compensation). (a) spectral
waveform, and (b) temporal waveform. A blue curve is
intensity and a red curve is phase of the SC pulse

measured by SPIDER.
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Fig. 4 Mechanism for DFM in a single SC pulse.
(a) variable center wavelength, and (b) variable
bandwidth.
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Fig. 5 Spectra of variable center wavelengths MIR pulses.
(a) only temporal delay, and (b) delay + 3rd dispersion.
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(c) Input-output characteristics
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Fig. 10 Spectral and temporal waveform of MIR pulses
measured by XFROG. (a) temporal waveform with
center wavelength of 2.0 um, (b) spectral waveform with
center wavelength of 2.0 um, (c) temporal waveform
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