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Abstract Ince—Gaussian modes are the third complete family of exact and orthogonal solutions of the paraxial wave
equation following the Hermite—Gaussian and Laguerre—Gaussian modes. Its transverse mode pattern is diversiform,
and the helical Ince—Gaussian modes exist separate spiral vortex structures and carry orbital angular momentum,
which makes Ince—Gaussian modes have broad prospects in the fields of particle manipulation, biomedical, optical
communications and so on, and have attracted a great deal of interests. The theory of Ince— Gaussian beam is
presented in the paper, the methods of generation of Ince— Gaussian mode laser are addressed, and the future
development of high efficient Ince—Gaussian mode laser is disscussed.
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Fig.1 Transverse field distributions of several low—-order IG modes. (a) even; (b) odd, £=2
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Fig.2 Relationship of IG modes with LG and HG modes
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Fig.3 Formation of HIG modes from even and odd IG modes
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Fig.4 Formation of vortex beam and vortex array beam from IG modes
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Fig.5 Experimental setup of generating IG mode based on LCSLM and configuration in the vicinity of the focal plane
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Fig.6 Optically assembled microstructures (bottom) and corresponding IG intensity pattern (top)
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Fig.9 Experimental arrangement for generation of IG modes in a laser cavity
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Fig.10 Beam intensity patterns of even IGMs measured with the CCD camera
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Fig.11 Experimental setup for generation of IG modes by tilting the resonator
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Fig.12 Schematic diagram of the laser—diode pumped Cr,Nd: YAG self-@Q-switched microchip laser for

generation of IG beams
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Fig.13 Various IG beam transverse intensity distributions observed in Cr,Nd:YAG self-Q—-switched lasers
under different absorbed pump power levels. (a) 1.3 W; (b) 1.7 W; (c¢) 2.2 W; (d) 3.5 W; (e) 3.9 W;
() 4.3 W; (g)4.8W; (h)5.6W; (1) 6.5W; () 7.3W; (k) 7.8W;1)82W
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Fig.14 Schematic diagram of off-axis pump
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Fig.15 Opaque lines in a resonator. Red lines depict elliptic lines, and blue lines depict hyperbolic or straight lines
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Fig.16 Average output power versus incident pump power on the Nd: GdVO, microchip
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Table 1 Comparison of parameters of IG modes generation in solid—state lasers

Pump Output Optical-to Slope
Year Laser material Reference
power /mW power /mW —optical efficiency /% efficiency /%
2004 Nd:YVO, 300 20 6.7 — [42]
2007 LiNdP,O,. 550 32 5.8 8 [44]
2007 Nd:GdVO, 70 6.5 9.3 13 [44]
2007 Nd:YAG ceramic 550 25 4.5 6 [45]
2013 Cr,Nd:YAG 8200 2000 25 — [46]
Nd:GdVO,
2015 ) 160 11 6.9 — [50]
/Cr": YAG
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