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Improved Method of Calculating Thermal Lens Focal Length
in “Top-Hat” End-Pumped Solid-State Lasers

FAN Shu-zhen, ZHANG Xing-yu, WANG Qing-pu, LI Shu-tao,

DING Shuang-hong, SU Fu-fang, LIU Zhao-jun
(School of Information Science and Engineering » Shandong University, Jinan, Shandong 250100, China)

Abstract The thermal effect is one of the factors that must be considered in designing the fiber coupled laser diode
(LD) end-pumped solid-state lasers. The most convenient way of studying the thermal effect is using an ideal lens
with equivalent thermal focal length. The old expression of the thermal lens (TL) focal length gives values smaller
than the actual one. The cause leading to the difference is studied and a new more precise method is given.
Numerical calculation is done and curve fitting equations are presented. The results show that the focal length is not
only a function of the pump power but also a function of the ratio of the laser radius to the pump radius. When the
laser radius is about the same as the pump radius, the ratio of the new value of the focal length to the old one is
about 1. 6. And at the same condition, the new value of the diffraction loss is much smaller than the one calculated
by the old value of the focal length, and is also a function of the pump radius and the laser radius. Experiments show
that the new values are closer to the measured results than the old ones.
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Fig.1 Schematic diagram of actual and ideal lenses
optical path differences (OPDs)
(A is the actual OPD one; B is the OPD of a equivalent TL lens
with focal length calculated by the old equation; C and D are
OPD:s of the equivalent TL lens with the new focal length, the
difference is that they have different OPD(0))
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Fig. 2 Correction factor versus the radius ratio
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Fig. 3 Diffraction loss versus the radius ratio
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