Crystalline Cr:ZnSe Thin Disk cw Laser at 2.4 µm
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Introduction

    Chromium-doped II-VI semiconductor compound laser crystals emit in the 2 µm ‘eye-safe’ wavelength region and are therefore attractive for use in remote sensing, laser material processing, laser surgery as well as military applications [1]. In this report a Cr:ZnSe thin disk cw laser will be pumped either by a Tm fiber laser at 1.908 µm or by a narrowband (2 nm, FWHM) InP diode laser stack with an on-chip grating technology close to 1.908 µm. For the Cr:ZnSe thin disk cw laser a multi-pass pumping scheme will be used with 24 pump passes [2]. Using the concept of thin disk multi-pass pumping with its inherent good thermal management scheme, it should open up the opportunity of scaling Cr:ZnSe thin disk laser systems into a power range comparable to recently developed Cr:ZnSe bulk laser systems which are in the order of 10 W [3]. 
Experimental setup, results and theoretical description of the cyclic instability in a Cr:ZnSe thin disk laser system 
    Either a single mode fiber laser pump beam (IPG Photonics, 50 W) or a diode laser stack pump beam (QPC Laser, 40 W) is transferred through a multimode fiber and collimated into the thin disk laser module (Dausinger + Giesen GmbH). The parabolic mirror of the thin disk laser module with a focal length of 3.25 cm focuses the pump beam onto the Cr:ZnSe thin disk. Due to the high absorption of the pump wavelength of approximately 5 cm-1, almost all of the pump power is absorbed in 24 pump passes. The back side of the disk is cooled by heat transfer to a copper cooling finger which is cooled by a water flow with a cooling temperature of 10°C. The layout of the thin disk laser is shown schematically in figure 1. 
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Fig. 1. Schematic layout of the Cr:ZnSe thin disk cw laser system.  

The resonator type is a stable, hemispherical setup. The output mirror has a radius of curvature of 10 cm and the resonator length is approximately 10 cm. The output coupling of the output mirror is close to 2%. The output power of the Cr:ZnSe thin disk cw laser, pumped with the Tm fiber laser and launched into a 1000 µm transfer fiber or pumped with the 600 µm fiber coupled InP diode laser stack is shown in figure 2. For the fiber laser pumped case an output power of 5 W has been realized at an optical-to-optical efficiency of 11% and a wall-plug efficiency in the order of 5%. For the diode laser stack pumped case an output power of 4 W has been achieved at an optical-to-optical efficiency of 10%. Due to the fact that the Tm fiber laser pump system starts with diodes at 930 nm to pump the Yb-, Er- and finally the Tm levels, the wall-plug efficiency is here three times lower compared to the direct InP diode laser stack pumping which leads to a wall-plug efficiency of 15%. 
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Fig. 2. Output power of Cr:ZnSe thin disk cw laser versus pump power (left) and simulated, relative oscillator power (right).
It can be recognized from figure 2 (left) that the experimental oscillator output power shows a linear power scaling up to 5 W before it turns into a sudden breakdown of the lasing action which is caused by unstable resonator conditions. Nonetheless, this breakdown can be withdrawn by lowering the pump power by a few per cent. After this procedure, the original output power of 5 W will show up again. In the theoretical investigation of this cyclic instability, the thermal lens is treated as a 3-dimensional object. Starting with the 3-dimensional temperature distribution inside the thin disk, the local optical phase distortion (OPD) can be calculated with the known material properties of ZnSe. The local optical phase distortions act on the local laser fields as a disturbance. Therefore, a numerical Fast Fourier Transform (FFT) technique will be used to calculate the oscillator output power from the resonator, starting from the spontaneous emission level. In figure 2 (right) the simulated, relative oscillator power versus the power transferred into heat is depicted. After increasing the part of the pump power which is transferred into heat up to approximately 20 W, a sudden drop of the output power can be noticed, consistent with the experimental measurement. 

Summary
   In conclusion, Chromium doped ZnSe or ZnS thin disk laser concepts are able to reach the power level of Cr:ZnSe/S bulk laser systems and show the potential to be scaled even beyond these power levels. A Thulium fiber laser pumped or InP diode laser stack pumped Cr:ZnSe thin disk cw multimode laser at 2.4 µm, with an output power of 5 and 4 W, respectively, and with optical-to-optical efficiencies of 10% has been realized. Concerning electrical power consumption, it was shown that pumping with a InP diode laser stack has a three times higher wall-plug efficiency compared to the Tm fiber laser pumped case. For future Cr:ZnSe thin disk laser scaling experiments it might be advantageous to use polycrystalline Cr:ZnSe materials to increase the optical-to-optical efficiency.
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