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Abstract

We derive simple and convenient expressions for two-pass saturated amplification
with pulse overlap. These have the same form as the single-pass Franz Nodvik
equations but with a factor of two in front of the cross-section for stimulated emission.
The predicted decrease in energy extraction efficiency when there is pulse overlap
compared with sequential passes agrees well with earlier numerical modelling. This
approach has been extended to analyse a two-pass Nd:Y VO, amplifier (diode pumped
2mm long 1% doped crystal) operated with nanosecond pulses delivered at rates up to
20kHz and taking account of the Gaussian beam profile. An estimate of y = 1x10°
Bem’s™ for the up-conversion macro-parameter was found to provide a consistent
value for the length-averaged gain coefficient and the effective gain lifetime of the

amplifier for the pump conditions used.

References

[1] S.Pearce and C.L.M Ireland, ‘Performance of a CW pumped Nd:YVO, amplifier
with kHz pulses’, Opt Laser Technol 35 375 2003

[2] L M Franz and J S Nodvik, Theory of Pulse Propagation in a Laser Amplifier, J
Appl Phys 34 2346 1963

[3] A. E. Siegman, Lasers, University Science Books (Sausalito) 1986
[4] W. Koechner, Solid State Laser Engineering 5" Ed, Springer-Verlag (Berlin) 1999
[5] Y Hirano, N Pavel, S Yamamoto, Y Koyata and T Tajime, /00-W class diode-

pumped Nd:YAG MOPA system with a double stage relay optics scheme Optics
Comm 170 275 1999



[6] C Bibeau, S A Payne and H T Powell, Direct measurements of the terminal laser
level lifetime in neodymium-doped crystals and glasses J Opt Soc Am B 12 1981 1995

[7] G J Friel, R S Conroy, A J Kemp, B D Sinclair and J M Ley Q-switching of a
diode pumped Nd:YVOy laser using a quadrupole electro optic deflector Appl Phys B
67 267 1998

[8] Y F Chen, LJ Lee, T M Huang and C L Wang, Study of high power diode-end-
pumped Nd:YVOy laser at 1.35um: influence of Auger upconversion, Optics Comm
163 198 1999

[9] M Pollnau, P J Hardman, W A Clarkson and D C Hanna, Upconversion, lifetime
quenching, and ground-state bleaching in Nd®*:LiYF,, Optics Comm 147 203 1998

[10] V Ostroumov, T Jensen, J-P Meyn, G Huber and M A Noginov Study of
luminescence concentration quenching and energy transfer upconversion in Nd-doped
LaSc3(BO3)4 and GdVOy laser crystals, J Opt Soc Am B 15 1052 1998

[11] L C Courrol, E P Maldonado, L Gomes, N D Vieira, I M Ranieri and S P
Morato, Diode pumping Nd-laser efficiency limitations due to up-conversion
processes in Nd:YLF and Nd:GLF Optical Mats 14 81 2000

[12] D K Sardar and R M Yow, Stark components of Finlopand I manifold
energy levels and effects of temperature on laser transition of Nd *in YVO, , Optical
Mats 14 5 2000



