CO laser sum frequencies spectrum tuning by ZnGeP2 crystal temperature tuning
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The mid-IR range is the “molecular fingerprint” region. Therefore, a development of mid-IR coherent sources is very important for gas analysis, laser chemistry, medical and other applications. Such application as remote multi-component spectroscopy of the atmosphere requires a broadband mid-IR sources with several narrow high brightness spectral lines. 
Multi-line Q-switched CO laser can emit on more than 200 spectral lines in the 5.0-8.2 μm range simultaneously in a single pulse [1]. Moreover its spectrum can be significantly extended and enriched by frequency conversion (sum and difference frequency mixing) in nonlinear crystals [2, 3]. For example, broadband three-stage frequency conversion of multi-line CO laser radiation in a single ZnGeP2 crystal was performed in [2]. In the [3] broadband intracavity sum frequency generation of multi-line CO laser in a nonlinear crystal was performed when the nonlinear crystal operated both as a frequency converter and an output coupler. That was very attractive schematic, but phase-matching conditions could not be controlled due to the uncoated nonlinear crystal operated as an output coupler.
In this work, we study the phase-matching (and spectral, respectively) control of the CO laser sum frequency generation through the ZnGeP2 crystal temperature control. Experiments were performed with repetitively pulsed low-pressure Q-switched CO laser. It emitted 0.5-μs (FWHM) pulses with the pulse repetition rate of 100 Hz. Peak power of a single pulse reached 3 kW at average output power of 150 mW. The emission spectrum of the CO laser consisted of 73 spectral lines in the wavelength range from 4.9 μm to 6.2 μm. The CO laser beam was focused into 17-mm length ZnGeP2 crystal by lens with focal length of 20 cm. The crystal was heated up to 145 oC by custom-made thermostat figured as thermoelectric Peltier sandwich.
The crystal at room temperature was installed at phase-matching angle of 47.2o. The sum frequencies spectrum measured in this case fills 2.56-2.74 μm wavelength interval with power maximum near 2.63 μm. The sum frequencies spectrum measured at 145 oC crystal temperature was shifted to shortwave spectral part. The spectral displacement was about 0.07 μm. Additional crystal heating in the experiment was limited by the ability of our thermostat.
Thus we experimentally demonstrate CO laser sum frequencies spectrum tuning by ZnGeP2 crystal temperature tuning. Our estimation indicates that to get spectrum tuning from 2.5 to 3.7 μm, the ZnGeP2 crystal should be heated to about 400 oC.
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