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One of the main problems that limit the power saabf diode-end-pumped solid-state lasers is tinemgtion of
heat inside the laser gain medium which can ultéyatause fracture. When the continuous wave (Cuviyp
power exceeds the critical power at which crysttture occurs, a quasi-continuous wave (QCW) pisnoften
used to reduce the average pump power to belofvabiire pump power.

In previous work, we investigated the time-depeéeant the temperature and the thermally inducesbsées
in QCW-pumped Tm:YLF laser rods by means of firstement numerical simulations [1]. This enabled the
prediction of the incident fracture power as a fiorcof QCW-pump duty cycle.

In this paper a time-dependent analytical thermadieh that determines the temperature and the thigrma
induced stresses in isotropic rods is presenteen Ewugh the model is developed for isotropic yids shown
that it can also be used to accurately estimatéhirenal effects in anisotropic rods. By ignoringed heat-flow
in the radially symmetric rod, the temperature ipeain the pumped face of the rod is given by
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whereR is the radius of the rodj is a Bessel-function of the first kind with ordey,, are the roots o, and
D=Kk/(pc,) with k the thermal conductivityy the density and, the specific heat capacity of the laser rod.
Q(r.Y)=1(r,t)al/(pcy) is the heat load wherdr,t) is the transverse pump intensity profile ant the absorption
coefficient at the pump wavelength. In the casa tfp-hat transverse pump profile, equation (1yced to
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wherew is the pump beam radius. The integral in equat®)ncan easily be solved numerically for a QCW-
pumped laser.

Figure 1 shows the temperature in the centre opthaped-face of the Tm:YLF rod as a function ofdim
while the rod is subjected to two different QCW-pupower and pulse repetition frequencies. The dicaly
model reduces the computation time of the therrffeces from ~5.5 hours in the case of the finiteneént
numerical model to less than a minute. By usingahalytical model, it is possible to efficientlylcalate the
thermal influence of various pump scenarios witnihort time.
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Fig. 1 The temperature in the centre of the Tm:YLF roc dsnction of time while the rod is subjected tQ&@W-pump

of (a) 90 W @ 50 Hzb) 200 W @ 10 Hz. The two respective boundaries efdiiaded regions indicate the analytical
solution as determined with the thermal condugtieit the a- and c-axis of YLF respectively. Thedi&urve shows the
solution of the three-dimensional time-dependenpted-thermal-stress finite element numerical satioh.

References

[1] E.H. Bernhardi, C. Bollig, L. Harris, M.J.D.sEer, A. Forbes, “Investigating Thermal StresseQuiasi-CW Pumped Tm:YLF Laser
Crystals”, Advanced Solid-State Photonics Inteoratl Conference, ISBN 1-55752-850-0, 27-30 Jan2098, Nara, Japan



