
Dynamic properties of passively Q-switched LD-pumped erbium laser
T.V. Bez’yazychnaya1, M.V. Bogdanovich1, V.V. Kabanov1, G.I. Ryabtsev1, A.I. Yenzhyieuski1,

A.V. Grigor’ev2, A.G. Ryabtsev2, M.A. Shchemelev2, 
A.S. Dement’ev3

1B.I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,
Nezalezhnasti Ave 68, 220072, Minsk, Belarus

2Belarusian State University, Nezalezhnasti Ave 4, 220050, Minsk, Belarus
3Institute of Physics, Savanoriu ave. 231, LT-02300 Vilnius, Lithuania

E-mail: aldement@ktl.mii.lt

References

Eyesafe laser sources, emitting in the  1.45 – 1.70 μm window, are used extensively within 
the commercial and scientific communities [1]. During the last years, Q-switched Er:glass
lasers operating around 1.5 μm  have been investigated extensively [2-7]. Dynamic properties 
of the eye-safe solid state lasers are important characteristics from application point of view. 
Our work is devoted to theoretical studying the role of the cavity trapped amplified 
luminescence (CTAL) in the dynamics of the diode pumped passively Q-switched ytterbium-
erbium glass laser. 
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3. Mathematical model and results of simulations

The scheme of the laser and the diagrams of energy levels for the active element (AE) and Q-
switch on the base of   Со:MAO  crystal are presented in Fig. 1 and 2.

2. Schemes of the laser and energy levels of AE and Q-switch

Fig. 1. Diode laser side pumped Yb:Er: phosphate glass with Co:MAO passive shutter laser scheme

Fig. 2. Energy level diagrams of the diode-pumped Yb-sensitized Er: phosphate glass laser 
with Co:MAO passive shutter

Mathematical modelling was based on numerical solving the self-consistent equations set  of 
point laser model  which included the lasing as  well  as  the CTAL  photon  fluxes  similar to 
the method used in [8].
Using the level scheme from Fig.2. and spectroscopic parameters of   the passive   Q-switch 
(typical for Co2+: spinel crystal [9-11]) and  for the Yb, Er: phosphate  glass the rate equation 
set (1) was formed and solved numerically.
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It has been found that the influence of the CTAL photon flux becomes apparent first of all in 
the change of the lasing onset delay time. In particular, the value of  ΔT = T1 – T2, where T1
and T2 are the lasing delay times with and without taking into account the CTAL flux, can be 
positive or negative depending on the lasing resonator parameters, Q-switch transparency and 
pump excitation level. As is evident from the picture the contribution of the CTAL photon flux 
to the lasing delay time can be controlled by changing the output mirror reflection coefficient 
value and/or the initial transmission of the laser Q-switch element. The CTAL flux effect on 
the dependence of lasing output pulse energy on the Q-switch transparency was revealed for 
the investigated laser system also.
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Fig. 3. Dependencies of the ΔT value on the initial transmission of 
the Q-switch element for different output mirror reflection 
coefficients R = 65, 75 and 95% of the LD pumped erbium laser. 
The second laser mirror was totally reflecting one


