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Scaling the output power from solid-state lasensigber power levels, whilst maintaining high effieccy and good
beam quality is a challenging task. The chief diffiy is heat generation and its deleterious effeat laser
performance. The main origin of heat generationfisn considered to be quantum defect heatingweder, many
solid-state laser media also suffer from the pmoble energy-transfer-upconversion, which can lea tdramatic
reduction in the effective upper laser level lifieéi and a large increase in the fractional heatrgaadhless appropriate
measures are taken. Thus, an accurate knowledtiee afpconversion parameter and the impact of umegsion on
laser performance is very important for power scpbf solid-state lasers, particularly when operaiin pulsed (Q-
switched) mode. The standard method for determinipgonversion parameters, based on measurements of
fluoresecence decay times, can be quite time canguamd requires very careful attention to detathie experimental
set-up and pumping conditions if it is to yield a@ate values.

In this paper we describe an alternative and easathod for measuring the upconversion parametsecban
measuring laser threshold pump power as a fundfioesonator loss. This approach exploits thetfaat upconversion
loss is larger for higher excitation densities dhdt the excitation density in a laser can be msed by simply
increasing the resonator loss. We have developeshalytical model for the dependence of threspaldp power, R,
on the upconversion parameter and the resonatsrféosboth four-level and quasi-three-level lasefhe resulting
approximate expression for four-level lasers iguym
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where Ly = -log(1-Lg)-loge(1-T) is the resonator loss parameter, T is thestrassion of the output couplery is the
round-trip resonator loss (excluding the outputpteu transmission), wis the pump beam waist radius,is the
emission cross-sectionis the fluorescence lifetime of the upper laseella, is the pumping quantum efficiency and
0, is the absorption coefficient. The above expogsaissumes that the pump beam size is much ldrgerttie TEN,
size for the laser. Figure 1 shows measured vétwetbreshold pump power for a typical Nd:YY@ser with a N&f
concentration of 1 at.% as a function of the resoniss parameter. From this data, we obtainedlae for the
upconversion parameter (using equation (1)) ok108° cn/s, which is in good agreement with a previousjyoréed
valué. The corresponding expression for threshold quasi-three-level laser is rather more complicabed,can be
used in a similar manner to determine the upcoierparameter. We have used this method to deterrthie
upconversion parameter for a lat.% doped Er:YA@rlaperating on the 1645nm transition. Figure 2wshthe
threshold pump power versus. LAnalysis of the results yielded an upconvergiarameter of 72108 cn/s which is
also in very close agreement with the value publish a previous repdrt Further details of the threshold analysis and
the advantages of this method for measuring upcseioreparameters will be presented.
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Fig. 1. Threshold pump power as a function of Fig. 2. Threshold pump power as a function of
resonator losin aNd:YVO, lase. resonator loss ianEr:YAG lase.
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