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Abstract. A pump- and probe-beam technique is used for measuring time-resolved excited-state 
absorption (ESA) and stimulated-emission (SE) spectra of Er 3+ doped YA103. The Er 3+ 4115/2 --+ 
4F7/2 transition of the sample is excited at 488 nm by an excimer laser pumped dye laser. The ESA 
and SE of broadband xenon ftashlamp light is monitored between 300 and 860 nm by an optical 
multichannel analyzer (OMA). The analysis of the experimental results provides information on the 
effective cross sections Crzs A and C~sE originating from several levels and on the populations of these 
levels. To our knowledge this represents the first detailed investigation of time-resolved ESA and SE 
over a broad spectral range in rare-earth doped materials. 
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Excited-state absorption (ESA) may have considerable in- 
fluence on the lasing properties of rare-earth doped solid- 
state materials. ESA is a two-step excitation process which 
occurs in several rare-earth ions. Because both absorption 
steps take place within the same single ion, ESA depends 
linearly on the density of the excited ions. A similar process 
is up-conversion requiring two neighbouring excited ions. If 
one ion relaxes to a lower state its energy is used to excite 
the other ion to an even higher energy level. Therefore up- 
conversion has a square dependence on the density of the 
excited ions and becomes significant at high doping concen- 
tration. 

ESA and up-conversion can be utilized for the gener- 
ation of visible fluorescence by the absorption of infrared 
pump photons [1-3]. However, in most cases they also pro- 
duce undesirable losses. Especially the ESA process either 
reduces the pump efficiency of solid-state lasers or competes 
with stimulated emission, decreasing or preventing laser out- 
put. This depends on whether the ESA wavelength is in the 
spectral region of the pump light or the fluorescence [4]. 

Er 3+ with its complex energy level scheme, which in- 
cludes some metastable excited states, gives rise to multi- 
ple up-conversion and ESA transitions. On the other hand 
Er 3+ is an attractive lasing ion with several laser transi- 
tions in the visible and infrared spectral region. Therefore, 
the knowledge of the ESA transitions and the corresponding 
cross sections over a wide spectral range is of importance 
not only for the fundamental understanding of the excitation 

and depopulation processes, but also for the optimisation of 
the pump process of Er 3+ doped laser materials. 

ESA effects with respect to laser experiments in Er 3+ 
doped materials have been discussed by several authors 
[3, 5-7]. There have only been two previous reports on ESA 
spectra of Er 3+ doped glass fibers including ESA originat- 
ing from the 4113/2 level [8, 9]. In this paper we report the 
method and results of measurements of time-resolved ESA 
spectra after pulsed excitation of Er 3+ doped YAIO3 in the 
spectral range between 300 and 860nm. ESA transitions 
from the 4113/2, 4111/2, and 4S3/2 levels were identified and 
the corresponding cross sections were determined. 

1 Experimental 

1.i Measuring Method 

To explain the measuring method of ESA spectra a simple 
energy level scheme is shown in Fig. 1. The relevant pro- 
cesses which have to be considered are characterized by their 
cross sections aaSA (ground-state absorption), CrESA (excited- 
state absorption), and asE (stimulated emission), n, ng(t), 
and n~(t) are the doping concentration, the time-dependent 
population densities of the ground state and of all excited 
levels, respectively: 

n = ng(t) + ne(t)  = ng(t) + ~ni(t). (1) 


