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Pump Absorption Saturation Effects in Longitudinally-Pumped
Quasi-Three-Level Continuous-Wave Lasers

Liao Xiongyong Huang Chaohong Xu Huiying Cai Zhiping

(Department of Electronic Engineering, Xiamen University, Xiamen , Fujian 361005, China)

Abstract The explicit analytical expressions of pump absorption efficiency, slope efficiency, fundamental-wave
geometric average intensity in cavity, laser threshold, output laser intensity and power for longitudinally-pumped
quasi-three-level continuous-wave lasers have been derived using the rate equations and optical transmission equations
in cavity. Furthermore, the influences of laser-induced pump absorption saturation effect on pump absorption
efficiency, laser threshold, conversion efficiency and fundamental-wave geometric average intensity in cavity are
discussed. Theoretical analysis and numerical simulations indicate that the influences of the pump absorption
saturation on the performance of lasers relate to the ratio of the pump absorption cross section and laser stimulated
emission cross section., the average single-pass loss factor, the population factors of pump energy level and upper and
lower laser energy levels, length of laser crystal, etc. When the laser crystal is shorter, the average single-pass loss
factor is larger, the ratio of pump absorption cross section and laser stimulated emission cross section is larger, and
the pump absorption saturation effect is more obvious. The decline of the pump absorption efficiency results in the
increase of the laser threshold and the decrease of the fundamental-wave geometric average intensity in cavity and
laser conversion efficiency.

Key words lasers; quasi-three-level; pump absorption saturation; longitudinally-pumped; average single pass loss
factor
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Fig. 1 Energy level diagram of quasi-three-level lasers
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Fig. 2 Absorption efficiency versus crystal length for
different average single pass loss factors(dash line:
without pump saturation; solid line: with pump
saturation, and ¢ is 0. 02, 0. 04, 0. 06 from

top line to bottom line respectively)
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cavity versus additional loss factor for different
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