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We have used a mid-IR (mid-infrared) continuous-wave (cw) optical parametric oscillator (OPO), developed previously and
described in Ref. 12, to build a performance-evaluation setup for a mid-IR spectrometer. The used CW OPO had a wavelength
tuning range of 2.5-3.6 pm using a pump laser with a wavelength of 1064 nm and a fan-out MgO-doped periodically poled lithium
niobate (MgO:PPLN) nonlinear crystal in a concentric cavity design. The OPO was combined with a near-IR integrating sphere
and a Fourier-transform IR optical spectrum analyzer to build a performance-evaluation setup for mid-IR spectrometers. We applied
this performance-evaluation setup to evaluating a mid-IR spectrometer developed domestically, and demonstrated the capability
of evaluating the performance, such as spectral resolution, signal-to-noise ratio, spectral stray light, and so on, based on this setup.
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Fig. 1. Schematic diagram of the OPO setup by using MgO:PPLN single crystal and a DPSS pump laser (Nd:YAG) for generating

continuous-wave output in the mid-IR range (BS, beam splitter; CW DPSS, continuous-wave diode pumped solid state; HR@1064,
high-reflectivity mirror at 1064 nm; HWP, half-wave plate; M, mirror; DM, dichroic mirror).
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Fig. 2. (a) Schematic diagram showing the alignment of mid-IR light sources, the integrating sphere, the FTIR OSA and the mid-IR spectrometer.

(b) A photograph showing the evaluation optical setup for the mid-IR spectrometer. (LIRS, Lunar InfraRed Spectrometer).
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Fig. 3. Throughput obtained by 2-dimensional scanning of the
parallel laser beam of light source at 4 different wavelengths.
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Fig. 4. Wavelength dependence of the relative throughput obtained
from the ratio of the two output measurements.
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Table 1. Relative uncertainty and relative standard uncertainty of the individual components at 4 different wavelengths

Uncertainty component at 2 pm

Relative standard
uncertainty (%)

Relative standard

Uncertainty component at 2.5 pm
ty P H uncertainty (%)

Repeatability of input power to integrating sphere 0.01 Repeatability of input power to integrating sphere 5.77
Repeatability of output power from integrating sphere 0.08 Repeatability of output power from integrating sphere 0.09
Reproducibility of detector alignment 6.49 Reproducibility of detector alignment 6.49
Stability of laser source 0.02 Stability of laser source 0.56

Combined standard uncertainty 6.49 Combined standard uncertainty 8.69

Uncertainty component at 3 um

Relative standard
uncertainty (%)

Relative standard

Uncertainty component at 2.5 pm
1ty P H uncertainty (%)

Repeatability of input power to integrating sphere 0.09 Repeatability of input power to integrating sphere 0.02
Repeatability of output power from integrating sphere 0.05 Repeatability of output power from integrating sphere 0.02
Reproducibility of detector alignment 6.49 Reproducibility of detector alignment 6.49
Stability of laser source 0.56 Stability of laser source 0.00

Combined standard uncertainty 6.50 Combined standard uncertainty 6.49
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Fig. 5. The output of the mid-IR spectrometer for the input beam
at the wavelength of 3.1 um as a function of wavelength (vertical
axis) and spatial coordinate (horizontal axis).
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