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LASER & PHOTONICS
REVIEWS

Abstract Solid-state organic amplifiers and lasers are attractive
for hybrid integration due to their compatibility with different ma-
terial platforms, straightforward processing, and possibility to
optimize easily their optical and electronic properties by molec-
ular engineering. Advances in the gain medium design and
synthesis in combination with new resonator architectures led
to tremendous improvements in temporal and spectral proper-
ties, lifetime stability, gains produced and operating threshold
powers, which triggered interest in their use for a broad range of
integrated photonic applications. In this contribution, the current
state-of-the-art in the field of organic solid-state amplifiers and
lasers is reviewed from the aspects of fabrication technology,
gain materials, and device performance. Furthermore, examples
of the progress of this technology from a laboratory curiosity to
one that demonstrates practical integrated photonic applications
are highlighted. An outlook is also provided on research areas

and applications that are likely to shape further developments
of this technology. (Figure reprinted from [296], © 2000, with
permission from Elsevier.)
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1. Introduction: Activated polymer materials

Over the past two decades, organic gain media have shown
great potential for use in different photonic devices, and
rapid progress was made in the development of efficient
light-emitting sources, including lasers and optical ampli-
fiers [1]. Motivation for the extensive studies on these mate-
rials was provided by a number of salient features, including
the low cost in terms of both materials and processing equip-
ment, the simplicity and high-throughput of their fabrication,
as well as the ease of modification of their chemical struc-
ture. The latter provides a convenient means of engineering
optical and material properties of the gain medium, such
as absorption and emission wavelengths and bandwidths,
photoluminescence quantum yield, Stokes shift, and com-
patibility with dye or rare-earth ion dopants. Furthermore,
organic lasers and amplifier sources exhibit high degree
of spectral tunability, and large stimulated emission cross-
sections, which make them attractive for applications such
as optical sensing, on-chip spectroscopy, and data commu-
nications [2, 3].

Early reports on organic lasers were of gain media, usu-
ally fluorescent dyes, in solutions; however, due to the need
for developing sources that could be integrated with dif-
ferent applications, research in this field has gradually ex-
tended to solid-state coherent light sources. Organic gain
media that have been successfully used for development
of solid-state lasers and amplifiers fall under four broad
categories: dye-doped polymers [4], organic semiconduc-
tors [3, 5–8], rare-earth ion doped polymers [9, 10] and
liquid crystals [11]. The first reports to date on such sources

were of dye-doped polymers, in particular of Rhodamine G6
doped PMMA [12, 13]. Laser operation in organic semicon-
ductors was first reported for a fluorene single-crystal doped
with anthracene, with the latter providing the stimulated
emission [14]. Demonstration of laser operation in semicon-
ducting polymers followed considerably later, first in micro-
cavity structures based on the poly(p-phenylenevinylene)
films [15]. Soon thereafter two other reports appeared: one
was on lasing in poly(2-methoxy,5-(2’-ethyl-hexyloxy)-1,4-
phenylene-vinylene) (MEH-PPV) films, which were em-
bedded in polystyrene and had titania particles randomly
scattered in their bulk [16]. The second was on poly(2,5-
dioctyloxy-p-phenylenevinylene) (PPV-DOO) films [17].
Semiconducting polymers represent the most thoroughly
investigated class of organic gain media arguably due to
their prospect for development of electrically driven organic
lasers. They also represent a reliable alternative to their inor-
ganic counterparts for development of devices, such as light
emitting diodes (LEDs) and field-effect transistors (FETs)
for full-color screen and smart circuit applications, respec-
tively. As the organic molecules are usually optically active
only at wavelengths shorter than 1 µm, it becomes clear
that the second and third communication windows, around
1300 nm and 1550 nm, respectively, can not be covered by
dye-doped polymer and organic semiconductor amplifiers
and lasers. A way to develop devices operating in these spec-
tral ranges is by doping the polymer host with lanthanide
complexes that encapsulate rare-earth ions. Notably this lat-
ter class of gain materials is the only one to date amongst
the organics that has proven capability of producing true
continuous wave (cw) laser emission [18, 19].
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