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Erbium doped optical fibers have been
demonstrated to be both efficient and prac-
tical optical amplifiers in the 1.5-um re-
gion.! Research is now concentrated on
optimizing the performance of such ampli-
fiers. Accurate modeling allows possible
routes to optimization to be readily evaluat-
ed. The ratio of absorption cross section ¢,
to that for emission o¢, both at the gain peak
and across the band, is crucial to such a
madel, particularly for in-band (e.g., 1490-
nm) pumping.

Several determinations of the absorption
emission cross sections have been made for
the 4ly3,7+>%5,> transition of Er3*.2-¢ Al
report that at the gain peak the ratio o 4:07 is
less than one, values typically being 0.8.
Initial experiments on fiber optimization
for amplifiers' showed us that the magni-
tude of the gain never exceeded that of the
ground state absorption, even in conditions
of very strong pumping. This brings into
question the quoted values for the cross-
section ratio. Specific experiments were
undertaken to examine this in more detail.

The loss of a length ! of fiber is given by
nNlo4, where N is the number of ions per
unit volume in the fiber and 7 is the trans-
verse overlap between the dopant and opti-
cal field. Under high pumping at 980 nm
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JTUA3 Fig. 1. Experimental gain-loss
for alength of erbium doped fiber as a func-
tion of pump power. The pump wave-
length was 980 nm, the signal wavelength
was 1535 nm, and the fiber was of the Ge
silica type.

the gain asymptotically approaches nNiey.
The ratio of gain and loss for a given fiber
length thus provides a measure of the ratio
gi:07.  Such measurements were per-
formed at the gain peak on several fibers,
and an example is shown in Fig. 1. The
ratio o.4:a7 is found to be (1.2 + 0.1):1 and
applies to both GeO- silica and Al.Os silica
tiber types.

Previous estimates of ¢ y and o+ have been
based on the Fuchtbauer-Ladenburg (FL)
equation in which the cross sections are
evaluated from the shape of the absorption
and emission spectra, the radiative lifetime
of the upper level, and the manifold degen-
eracies. This analvsis was conducted on
our fibers. and g.1:0; was found (at the gain
peak) to be ~0.8:1, in broad agreement with
previous reports. Thus there is a discrep-
ancy between the gain-loss and spectro-
scopic techniques. The FL equation ap-
proach involves several assumptions, one
of which is that the process of absorption
follows the same path as that of emission:
we believe this to be a false assumption in
the present case. In reality emission in-
volves transitions predominantly from the
lower Stark levels ot the upper manifold
(*I11 2) to all levels of the ground state mani-
told. Absorption, on the other hand, is
dominated by transitions from the lower
Stark levels of the ground state manifold to
all those of the upper state.

The two processes would still be equiva-
lent if the probability of transition between
any two Stark levels was the same. Recent
fluorescent line narrowing work suggests
that such probabilities are not equal.’ Asa
result the assumptions of the FL equation
are inappropriate for the analysis of the er-
bium system. The gain loss technique re-
ported here thus provides a more reliable
measure of the cross-section ratio and will
be usetul in modeling the erbium amplifi-
er. Furtherdataon the spectral variation of
the cross-section ratio are also presented.
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