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Fig. 3 Principle diagram of 1094 nm laser pump source obtained by two stage amplification of gain modulated

self-seeded LD output pulse
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Abstract

Objective Because there exist many strong narrow intrinsic adsorption lines of gases, vapors, organic pollutants,
poison chemicals, and biological virus molecules, mid-infrared band has long been called the “finger-print” zone in
spectroscopy, which can be used to detect these substances with an extremely high sensitivity. The lasers situated
around 3 pm are also applied for specific local zone therapy. The laser will be completely absorbed within a thin layer
of several microns thickness in biological tissues because they have very strong adsorption to photons at this
wavelength. The lasers at 3.6 pm and 3.8 pm are also excellent light sources for laser remote detection and free-
space communication due to the superior atmospheric windows at these wavelengths. Difference Frequency
Generation (DFG) is one kind of nonlinear optical parametric technique, which can be applied for efficient laser
frequency conversion, especially from near-infrared to mid-infrared. It can overcome the long term stability problem
associated with the optical cavity misalignment in optical parametric oscillator (OPQ) but still keep high parametric
conversion efficiency from near-infrared pump to mid-infrared idler with the help of strong signal light. Many works
have been reported on DFG between Yb-doped fiber lasers and Er-doped fiber lasers for high average mid-infrared
laser output but the wavelengths are mainly limited to 3.3 pm or shorter. For longer idler wavelength such as
3.8 pm, Yb-doped fiber laser has to be worked at long spectral gain edge around 1090 nm while the Er-doped fiber
laser needs to work around 1530 nm in the short gain edge, which results in excess difficulties in realizing high
average power fiber lasers as the pump and the signal. The objective of this work is to demonstrate the feasibility of
efficient ns DFG at 3.8 pm.

Methods Efficient DFG for 3.8 pm laser output was realized in a periodically poled magnesium oxide doped lithium
niobate (PPMgLN) by applying Yb-doped fiber laser at 1094 nm as the pump and Er-doped fiber laser at 1535 nm as
the signal. The linearly polarized Yb-doped fiber laser was master oscillator power amplifier (MOPA) structured.
Mode-locked Yb-doped fiber laser and gain-switched diode laser were applied as the pulse seed at 1094 nm
respectively. Yb-doped Fiber amplifiers constructed with Nufern polarization maintaining (PM) fibers (PM25/250)
were applied as the power amplifier to lift the average power up to 40 W, corresponding to peak powers of 9260 W
and 6250 W, respectively. Gain switched distribute feedback (DFB) diode laser working at 1535 nm was amplified in
two stages of Er-doped fiber amplifiers to lift the average power to 3 W, with pulse synchronization to the 1094 nm
pump. The 1094nm pump and 1535 nm signal were combined using dichroic beam-splitter and focused onto the center
of PPMgLN crystal. The working temperature of PPMgLN was finely adjusted for optimized DFG conversion
efficiency.

Results and Discussions The PPMgLN wafer used in the experiment was home-built with a domain period of
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29.8 pm, length of 50 mm, and thickness of 1 mm. The focused spot sizes for 1094 nm pump and 1535 nm signal
were 130 pm and 200 pm, respectively, which were adjusted to be spatially well overlapped. The 1535 nm signal
was fixed at an average power of 3 W while the pump power at 1094 nm was gradually increased to investigate the
DFG characteristics. The best performance of DFG was observed when PPMgLN was working at 51 ‘C . The output
power dependence of 3.8 pm idler and amplified 1535 nm signal on the input 1094 nm pump power was obtained
(Fig. 4). Maximum output power of 5.4 W and 4.2 W were obtained at 3.8 pm for the cases with mode-locked fiber
laser seed and gain-switched LD seed, respectively. The corresponding maximum power increase at 1535 nm was
16.2 W and 13. 2 W, respectively. Obvious conversion efficiency saturation was observed, especially for gain-
switched LD seeded MOPA pump. The maximum DFG conversion efficiency was 13.5% from 1094 nm pump to
3.8 pm idler. The pulse form of the amplified 1535 nm signal was measured, which was mostly shaped by the
1094 nm pump pulse.

Conclusions DFG was confirmed to be an effective technique to realize stable mid-infrared pulse output, even
when the idler wavelength reached at 3. 8 pm. High quality pulse pump laser and signal laser could still be
constructed with average power high enough for efficient DFG conversion, even if their wavelengths were situated at
the edges of their gain spectra. Conversion efficiency saturation was likely to happen in DFG at long idler wavelength
mainly due to material adsorption. Improvement could be expected by using signal source with wider spectrum.
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