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Abstract

We study both theoretically and experimentally the quality factor characteristic and the optimized
polaritonic modes in a whispering gallery microcavity. The quality factors (Q-factors) of the resonant
modes are determined by two main factors, i.e., the so called cavity loss and media loss. These
two factors determine the final Q-factor and spontaneously lead to an optimized wavelength range
for polariton modes. By using finite element analysis (FEA), we present the numerical simulation
of resonant frequencies, field distributions and quality factors of the TE polarized whispering gallery
modes (WGMs), which agree well with the experimental results. The control of optimized resonance in
polaritonic system will be very useful for the development of semiconductor lasers with low threshold.
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1. Introduction

Microcavities (MCs) with gain media have
drawn much attention due to their significant
applications in optoelectric devices, such as low
threshold semiconductor lasers [1, 2, 3, 4], optical
memories and photonic integrated circuit chips
[5, 6]. To increase the emission flux and reduce
the device’s volume, an optimized way is to pro-
cess the gain media directly to be a resonator (as
seen in Fig. 1(b)). Recently, some works based
on such type of MCs have been reported, e.g.,
GaN nanowire lasers [7, 8] and ZnO whispering
gallery resonators [9, 10, 11, 12, 13]. These opti-
cally confined systems themselves are gain media
and are ideal for the investigation and control of
light-matter interaction, e.g. the strong coupling
effect between the cavity field and excitonic states
of gain materials [14, 15, 16, 17]. Moreover, such
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polaritonic systems are more advantageous for de-
veloping ultraviolet (UV) lasers because the re-
absorption of gain emission during the MC path
is no longer a part of energy consumption, com-
paring with the big challenge in traditional mi-
crocavity systems to reduce the MC’s absorption
loss in UV region.

The Q-factor is a key point to steer the optical
properties in MC systems. For a traditional pla-
nar MC with embedded thin layers of gain media
(as seen in Fig. 1(a)), light escapes at the bound-
ary (cavity loss) and is absorbed by the media as
well (media loss). If the media is very thin and the
reflectivity of the reflectors in the MCs is not so
high, the cavity loss is dominant. In this case, the
Q-factor is mainly determined by the cavity mir-
rors. However, in structures shown in Fig. 1(b),
gain media itself is the MC, light is confined due
to the total internal reflection at the crystalline
facets (if ndielectric ≥ 1/sin60◦) and cavity loss can
be very small while the optical length of WGMs
is relatively longer, the media loss can be bigger
than that in Fig. 1(a). Hence, the media loss is
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