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Optical vortex has been receiving tremendous interests in a wide range of applications such as fluorescence 

microscopy with a high spatial resolution beyond the diffraction limit [1], optical manipulation [2], and materials 

processing [3]. In general, visible green vortex laser sources largely rely on frequency doubling of infrared vortex 

modes [4]. However, such nonlinear frequency conversion impacts frequently the quality of generated vortex 

modes owing to the doubled topological charge and undesired coherent mode coupling. Here, we report on the 

first demonstration of an ultra-compact green vortex Pr:YLF laser source by employing an off-axis optical needle 

pumping geometry and without nonlinear frequency extension. Our system without any additional optical 

elements for wavefront modulation should open the door towards new advanced bio-imaging and microfabrication 

technologies. 

An experimental setup of our system is shown in Fig. 1(a). A 442 nm blue laser diode and a 5 mm long a-cut 

Pr:YLF crystal were used as a pump source and a laser medium, respectively. A focusing lens with spherical 

aberration allows us to create a quasi-non-diffractive optical needle pump beam with a small spot and a long 

confocal length in the laser crystal. The beam propagation of the focused pump beam is seen in Fig 1(b). A concave 

mirror with a curvature of 150 mm was used as an output coupler (OC) with 98.3% high reflection for 523 nm. 

The cavity length was then fixed to be only 8 mm. The OC was mounted on a three-dimensional translation stage 

to provide transverse (off-axial) displacements along the x- and y-axes with steps as small as Δx=Δy=0.5 µm, 

enabling the off-axis pumping [5].  

The spatial modes generated from the laser cavity as a function of off-axis displacements are shown in Fig. 1(c). 

The on-axis pumping allows straightforwardly the laser to operate at a fundamental Gaussian mode. The off-axis 

(x or y) displacement of OC forces the laser to generate HG1,0 or HG0,1 mode. Further, both the x and y 

displacements of OC will enable us to produce LG0,±1 (=1/√2⨯(HG1,0±iHG0,1)) vortex modes. The generated green 

optical vortices, mapped on an orbital Poincaré sphere, exhibit a maximum output power of ~300 mW at a slope 

efficiency of 12%. 

 
Fig.1 (a) Experimental setup of laser cavity for Green vortex beam; (b) Pump beam propagation dynamics in the 

laser crystal propagation dynamics (c) Spatial mode-map of Green vortex generated from the laser cavity. 
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