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One-dimensional microcavities are optical resonators with coplanar reflectors separated
by a distance on the order of the optical wavelength. Such structures quantize the energy
of photons propagating along the optical axis of the cavity and thereby strongly modify
the spontaneous emission properties of a photon-emitting medium inside a microcavity.
This report concerns semiconductor light-emitting diodes with the photon-emitting active
region of the light-emitting diodes placed inside a microcavity. These devices are shown
to have strongly modified emission properties including experimental emission efficien-
cies that are higher by more than a factor of 5 and theoretical emission efficiencies that
are higher by more than a factor of 10 than the emission efficiencies in conventional

light-emitting diodes.

Fabry-Perot cavities are optical resonators
defined by two coplanar reflectors separated
by a macroscopic distance (1). If this dis-
tance is small, namely one half or one single
wavelength of operation (that is, on the
order of 1 wm for visible and near-infrared
light), the cavities are called optical micro-
cavities. The density of optical modes with-
in a microcavity is strongly modified as
compared to the mode density in free space
surrounding the cavity: The cavity allows
for the propagation of optical waves only at
the fundamental resonance mode and its
harmonics along the optical axis of the
Fabry-Perot microcavity. Modes other than
the fundamental resonance and its harmon-
ics are not supported by the cavity, and such
modes are disallowed. The energy of pho-
tons confined to the microcavity is thus
quantized, in near perfect analogy to the
quantization of electron energy inside a
quantum well potential.

Intriguing physics evolves if an optically
active medium, that is, a photon-emitting
medium, is placed between the two reflec-
tors of a coplanar Fabry-Perot microcavi-
ty.This novel field of condensed matter re-
search has, during the past few years, made
possible a new generation of microresonator
devices and the exploration of new quan-
tum electrodynamic phenomena (2, 3).
Several microcavity geometries have been
used, including planar (Fabry-Perot) micro-
cavities, spherical resonators, disk-shaped
resonators, and fully three-dimensional res-
onators (2—-6). The optically active materi-
als inside the microcavity structures includ-
ed optically active rare-earth atoms, semi-

crocavity physics can be exploited in de-
vices whose properties are superior to those
of conventional devices. We show that a
type of light-emitting diodes (LEDs) that
use microcavity effects has clearly improved
characteristics as compared to conventional
LED:s.

Of particular interest for the technolog-
ical application of microcavity effects is the
enhancement and suppression of radiation.
This interest is based on the fact that the
optical emission rate in microcavities along
the cavity axis can be enhanced under cer-
tain experimental conditions, which will be
defined below. To illustrate this effect, we
consider the semiconductor microcavity
shown in Fig. 1, which consists of two re-
flectors, namely, an Ag mirror and a distrib-
uted Bragg reflector (DBR). The reflectivity
of the semiconductor-silver interface is 96%
for near-infrared light. The 90% reflective
DBR consists of 10 pairs of an AlAs/GaAs
multilayer structure with each layer being
M4 thick, where \ is the resonance wave-
length of the cavity. Because the DBR re-
flectivity is lower than the reflectivity of the
Ag mirror, photons will escape from the
cavity mainly through the DBR. The active

region of the cavity contains four
Iny ;5Ga, gsAs quantum wells.

The enhancement of the emission in-
tensity along the optical axis of the cavity
can be calculated in terms of Fermi’s Gold-
en Rule (12). At the resonance wavelength,

the emission enhancement factor is given

by (13)
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where R, and R, are the reflectivities of the
mirrors and, because we assume R, <R,
most light exits the cavity through the re-
flector with reflectivity R,. The antinode
enhancement factor & has a value of 2, if the
active region is located exactly at an anti-
node of the standing optical wave inside the
cavity. The value of £ is unity, if the active
region is smeared out over many periods of
the optical wave, and & is O if the active
region is located exactly at an optical node.
Calculations of the radiative lifetime T_,
for the structure revealed that it is changed
by less than 10% relative to the spontane-
ous lifetime 7, that is, 7_,, = 7 (13, 14).
Equation 1 allows us to calculate the on-
resonance enhancement, and using £ = 1.7
one obtains G, = 67 for the structure
shown in Fig. 1.

The total enhancement integrated over
all wavelengths, rather than the enhance-
ment at the resonance wavelength, is rele-
vant for practical devices. Exactly on reso-
nance, the emission is enhanced along the
axis of the cavity. However, off resonance,
the emission is strongly suppressed. Because
the natural emission spectrum of the active
medium (without cavity) may be much
broader than the cavity resonance, it is, a
priori, not clear if the integrated emission is
enhanced at all. To calculate the integrated
enhancement, the spectral width of the
cavity resonance and the spectral width of
the natural emission spectrum must be de-
termined. The former can be calculated
from the uncertainty relation and the pho-
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Fig. 1. Layer sequence and struc-
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conductors, and dyes (7-11).
In this report we demonstrate that mi-
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