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been demonstrated in biological tissue
m-doped solid-state lasers.2 From bulk
cw output power of 1.1 W at 2.8 mm was
from a diode-pumped Er31:LiYF4 laser,3

ut of 1.15 W was recently obtained from
d Er31:Y3Al5O12 laser.4 Unfortunately,
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rightness of diode laser sources. Diode
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r laser of the 1-W class. 1.7 W of output power and
p power) at a wavelength of 2.71 mm are demonstrated
ped at 790 nm. Energy transfer from the Er31 lower

bleaching and excited-state absorption, thus avoiding
han an order-of-magnitude improvement over previous

ent crystal-laser designs include nearly transverse-
and ease of use, e.g., in medical endoscopy.  1999
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of a highly erbium-doped fiber and the relatively low
pump intensity that is present in a cladding-pumped
fiber with an active reduction of the excitation density
by energy transfer to a Pr31 codopant.10,11 By use
of the rectangular double-clad geometry of a design
that was successful in scaling a Tm31 silica-fiber laser
to high output powers,12 we demonstrate 1.7 W of
transverse-fundamental-mode output power and 17.3%
slope efficiency at 2.71 mm from a diode-pumped Er31,
Pr31:ZBLAN laser.

The core of the double-clad fiber (KDD, Japan) con-
tained a 35,000-parts-in-106 �ppm� molar concentration
of ErF3 and a 3000-ppm molar concentration of PrF3.
With these doping levels, the Er31 and Pr31 ion densi-
ties were 6.3 3 1026 and 5.4 3 1025 m23, respectively.
The core had a diameter of 15 mm and a numerical

Fig. 1. Partial energy-level diagram of Er31 and Pr31 in
ZBLAN glass, indicating the processes that are relevant
for operation of the high-power diode-pumped Pr31-codoped
Er31 fiber laser at the transition 4I11/2 ! 4I13/2. GSA,
ground-state absorption.
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