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ABSTRACT

An oxide aperture is used to confine optical modes in a micropillar structure. This method overcomes the limitations
due to sidewall scattering loss typical in semiconductor etched micropillars. High cavity quality factors (Q) up to 48
000 are determined by external Fabry-Perot cavity scanning measurements, a significantly higher value than prior work
in III-V etched micropillars. Measured Q values and estimated mode volumes correspond to a maximum Purcell factor
figure of merit value of 72. A Purcell Factor of 2.5 is experimentally observed from a single quantum dot emitter
coupled to a high Q cavity mode.
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1. INTRODUCTION

Optical microcavities combined with active emitters provide a great opportunity to study the light-matter interaction at a
fundamental level. To produce a high quality microcavity it is necessary to confine light to precise resonance
frequencies with little or no optical loss [1]. The measure of this optical confinement is referred to as the cavity quality
factor (Q). In order to increase the coupling between an emitter and mode in a cavity it is also important to reduce the
effective optical mode volume (V,;). When an optical emitter is both spatially and spectrally coupled to a high quality
microcavity, the Purcell Effect is observed [2]. The Purcell Effect is experimentally observed through the modification
of active emitter spontaneous emission lifetimes. In the weak coupling regime, the spontaneous emission lifetime of an
emitter coupled to a microcavity is decreased by the Purcell Factor [2]. The Purcell Factor is proportional to the ratio of
0O/Vand includes factors accounting for both spatial and spectral detuning of the emitter with respect to the cavity.
Potential applications include solid state quantum electrodynamics (CQED) experiments, modification of single emitter
lifetimes, and single photon emitters and detectors for quantum cryptography [1, 2].

1.1 II-V Semiconductor Microcavity Architectures

Several solid-state microcavity architectures including microdisks [3, 4], photonic crystals [5, 6, 7], and micropillars [8,
9] have shown CQED effects in III-V micropillars using self-assembled quantum dots (QD’s) as active emitters. The
Purcell Effect has been experimentally observed in each of these microcavity architectures. Microdisks have shown
coupled QD lifetimes of 370 ps corresponding to a Purcell Factor of 3.5 [3]. Photonic crystals and micropillars have
both shown QD lifetimes of 200 ps corresponding to a Purcell Factor of 5 [6, 8]. In addition all three architectures have
exhibited the transition from the weak to strong coupling regime [4, 7, and 9].

Among these architectures, micropillars couple light normal to the semiconductor in a single lobed Gaussian pattern that
is easily fiber coupled [10]. This high photon collection efficiency makes micropillars a better alternative for device
applications. However, micropillars exhibit higher V4 (~5 (AMn) %) and lower Q’s (~2000-10 000) when compared with
photonic crystals [1, 9]. These V.5 can be reduced by decreasing pillar diameter, but scattering losses due to sidewall
roughness have been shown to limit achievable Q values [1, 11].

1.2 Oxide Aperture Micropillars

An alternative approach using oxide apertured micropillars to reduce V,; while maintaining high O values has been
previously shown [12]. Oxidized micropillars have been used for vertical cavity laser (VCL) applications to produce
low threshold laser devices that are fabricated into inexpensive arrays for optical data networks [13]. By confining the
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