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Theoretical investigation on threshold characteristics of diode side-
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Abstract: According to the model, which is based on the three-level rate equations, the threshold
characteristics of side-pumped Rb vapor laser was fistly analyzed. The nonlinear absorption of a Bar laser
side-pumped Rb vapor laser and the pumped laser propagation in the cell were simuiated in this model.
In addition, the distribution of small signal gain under the condition of pumped threshold was well
described by this model. In an example, the influence of cell’s length, temperature, gas pressure, gas
composition, focus length of focus lens and the parameters of resonant cavity on side-pumped Rb vapor
laser was analyzed. The result shows that optimizing proportion of helium and methane can decrease
threshold power effectively. Threshold power has combined impact of temperature and cell’s length. High

window transmittance and no more than 70% output coupling can make threshold keep in a lower level.
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It will be helpful to design key components and to optimize systems.
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Tab.1 Parameter description

_ ’13(1)_;, y) (3)

Parameter Parameter description/value Ref.
Population densities on Sy, *Py» and *Py»
) (i=1,2,3)
Li(x,y) Laser pumping rate
Vinix Fine-structure mixing rates Ymi=kuM
ks 3.16x107" cm?*- s~ [15]
ai3(v) Stimulated absorption cross section
Stimulated emission cross section
o (4.8x107% cm?) [12]
g(v) Lorentz line shape function
AE Energy difference between *Py, and P,
(237.5cm™)
T Temperature of the cell
Ta Lifetime of *Py,(26.23 ns) [9]
Tal Lifetime of *P,,»(27.7 ns) [9]
Vp, Central frequency of the D, radiative
Av, FWHM of absorption line
Broadening rate of D, lines by the methane
Yitoe (26.2%0.6 MHz/Torr) [16]
Broadening rate of D, lines by the He
Ve (20.0+0.1 MHz/Torr) [16]
T, Single-pass cell window transmissions (0.98)
T, Other intra-cavity single-pass losses (0.95)
Rip Reflectivity of back reflector(0.99)
R Reflectivity of output coupler(0.3)
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Fig.3 Threshold power and D, line width vs helium with a

certain methane
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Fig.4 Helium pressure and total pressure vs methane pressure

under the optimized gas proportion
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Fig.5 Threshold power and D, line width vs methane pressure

under the optimized gas proportion
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Fig.6 Threshold power vs temperature
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Fig.7 Threshold power vs cell length
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Fig.8 Optimal temperature and threshold power vs cell’s length
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