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Abstract: A polymer host material, based on a cy-
cloaliphatic diepoxy cured with a fluorinated dianhydride,
has been developed. When activated with the rare-earth-ion-
doped complex, neodymium(thenoyltrifluoroacetone)3 1,10-
phenanthroline, the typical absorption and emission lines of the
Nd3+ ion are detected. Luminescence quenching, which usu-
ally occurs in polymers due to high-energy vibrations from O–
H and C–H chemical bonds, is eliminated by the neutral 1,10-
phenanthroline ligand and by applying fluorinated chelates to
the complex, respectively, and absorption due to the polymer
host occurs only in the wavelength range longer than 1100 nm.
Optimization of the fabrication procedure of both, host material
and optical structure, leads to steady-state laser emission from
a channel waveguide near 1060 nm, providing up to 440 μW
of output power from the waveguide structures developed. To
the best of our knowledge, this result represents the first steady-
state laser in a solid polymer host.
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1. Introduction

Polymer waveguides have emerged as a viable technology
for integrated optical devices due to their high packaging
density, low cost, capability of integration with other ma-
terial systems, and ease of fabrication and modification of
their chemical structure. This latter property offers enor-
mous flexibility in the design of optical waveguide laser
media.

To date laser action has been achieved in many opti-
cally pumped solid-state waveguides based on dye-doped
polymers [1–4] and highly luminescent semiconducting
polymers [5], including conjugated polymers, dendrimers,
and spirocompounds. An attractive feature of these lasers
is that they naturally form a four-level laser system and, as
their π−π∗ transitions are allowed, most of them exhibit

extremely high absorption and stimulated-emission cross-
sections, attributes that can be exploited for lasing. How-
ever, the downside of these lasers is that they suffer from
the accumulation of triplet excitons produced through in-
tersystem crossing, which are responsible for the excited-
state triplet absorption. The latter is due to its spectral over-
lap with the stimulated emission and the long lifetime of
the triplet state limits the prospects of continuous-wave
lasing. For this reason pumping of these types of poly-
mer lasers is performed with pulsed lasers usually oper-
ating at repetition rates sufficiently low (between 10 Hz
and 10 kHz) to allow dissipation of the triplet populations
between the pulses. In addition, the pulse widths of the ex-
citation sources are typically in the range between 100 fs
to 10 ns in order to provide the gain medium with suffi-
cient time to recover between successive pump pulses [5].
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