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We report the molecular beam epitaxy growth of low-density strain-induced InAs quantum dots
sQDd embedded in an AlAs/GaAs distributed Bragg reflector structure for a triggered photon
source. By optimal selection of growth temperature, InAs deposited thickness and other
experimental parameters, it is possible to grow low densitys10/mm2d InAs quantum dots with a
suitable emission wavelength for a triggered photon source. The empirical formulas for the
refractive indices of AlAs and GaAs materials at high temperature over a wide wavelength range are
constructed by combining high resolution x-ray diffraction, dynamic optical reflectivity,
and optical reflectivity spectrum techniques. Utilizing the electron-beam lithography and
electron-cyclotron-resonance plasma etching techniques, a micropost microcavity with the top
diameter of 0.6mm and the post height of 4.2mm has been fabricated. Narrow, spectrally limited
single QD emission embedded in a micropost microcavity is observed in the photoluminescence.
© 2005 American Institute of Physics. fDOI: 10.1063/1.1882764g

I. INTRODUCTION

Since it was proposed that three-dimensional confine-
ment of an electron-hole pair to a region smaller than the de
Broglie wavelength could enhance light emission,1 some in-
teresting applications for quantum dotssQDsd have been
studied, such as QD lasers,2–4 single electron memories,5 and
single-photon emitters.6–10

The three-dimensional confinement of the many-body
electron-hole states results in an energy spectrum consisting
of a series of discrete lines. The cascade biexcitonic and
excitonic emission of two photons from two electron-hole
pairs features slightly different emission wavelengths due to
Coulomb interactions among charged carriers. With this
property of QD emission, we can realize a single-photon
source and entangled photon source.6–10 An efficient source
of single-photon is useful for quantum key distribution and
quantum computation.11–13 If we put the QDs in a planar
dielectric microcavity, the emission properties can be modi-
fied. Spontaneous emission in the normal direction is en-
hanced if the cavity is resonant with the emission and the
QDs are located at an antinode position of a cavity field,
while if there is no coupling to other modes the spontaneous
emission is inhibited if the cavity is off resonant and/or the
QDs are located at a node position. Due to the enhanced
emission coupling into a single cavity mode, the spontaneous

emission will have a good directionality, and thus can be
more easily coupled into the downstream optical compo-
nents. For the realization of such enhanced spontaneous
emission, we first epitaxially grow InAs QDs embedded in a
GaAs optical cavity layer using molecular beam epitaxy
sMBEd. Then, we put this cavity inside multilayer distributed
Bragg reflectorssDBRd for enhancing the emission more,
which can also be finished by the MBE technique. At last, a
single QD buried between DBR structures can be isolated by
electron-beam lithographysEBLd and reactive ion etching
methods. If the QD density is small enough, for instance
,109 dots/cm2, we can isolate 1–2 QDs within a 0.5mm
micropost.

The growth of low-density QDs is a first step to realize
such a single-photon source. Since the first growth of In-
GaAs quantum dotssQDsd by self-organized model,14 there
has been intensive QD growth mechanisms studies.15–20 In-
terest continues to focus on controlling the uniformity of the
dot size, density, and optical emission properties. For ex-
ample, for the fabrication of QD lasers, the growth of high
density QD s.1011 dots/cm2d is important. However, for
single-photon source applications, it is essential to grow QDs
with low densitys,109 dots/cm2d. Although, there are some
reports which discuss the effects of coverage, flux, substrate
temperature, and growth rate on the formalization of high
density InAs QDs,21–23far less attention and discussion have
been paid to the study for the formation of low density QD.

In this work, we first study the growth of InAs QDs with
low density using MBE. Atomic force microscopysAFMd
and photoluminescencesPLd measurements are carried out to
characterize the QD size, uniformity, density, and optical
properties. The effects of growth temperature and InAs cov-
erage on the size and density have been mainly investigated.
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Low-density InAs QDs, with density of about 10/mm2, has
been grown by suitably controlling the experimental condi-
tions.

Moreover, we focus on controlling the epitaxial thick-
ness of AlAs/GaAs DBR structures. In general, thickness
control with better than 1% accuracy is needed for success-
fully achieving the desired optical properties of DBR
structure.24 Accurately controlling the growth thickness re-
quires wavelength and temperature-dependent knowledge of
the refractive indices of semiconductor materials. By com-
bining high resolution x-ray diffractionsHRXRDd and opti-
cal reflectivity spectrum measurements, we obtain empirical
formulas for the refractive indices of AlAs and GaAs at a
high temperature over the necessary wavelength range for
our AlAs/GaAs DBR structures.

Finally, we fabricate the micropost microcavity with
EBL and electron-cyclotron-resonancesECRd plasma etch-
ing. Photoluminescence experiment was employed to exam-
ine the resonance photon emission of the cavity.

II. GROWTH OF LOW-DENSITY InAs QDs BY MBE

The formation mechanisms of InAs QDs on the GaAs
layer grown with MBE are generally explained by the
Stranski–KrastanovsSKd mode.25 When In and As fluxes im-
pinge on the GaAs, the lattice-mismatch strain energy is ini-
tially low and the InAs deposits as a rough planar layer
called the wetting layer. Future deposition generates an ada-
tom layer, from which two-dimensionals2Dd surface mor-
phology sor called 2D islandsd nucleates on the top of the
wetting layer. However, as deposition continues, the accumu-
lated strain energy induced by the 7% lattice mismatch be-
tween GaAs and InAs can not relieve totally in the 2D di-
rections islands. Instead, three-dimensionals3Dd islands
form, which the strain energy can relieve through their top
and sidewalls. Several theoretical descriptions have been de-
veloped to model the SK growth mechanisms,26–33 including
those based on thermal-equilibrium,29,30 and those that em-
phasize the kinetic role on the formation of QDs.31–33 In the
kinetic model, the process of the formation of QDs is divided
into four steps, i.e., atoms deposition on the growth surface;
adatom diffusion over the surface; attachment and detach-
ment; and 2D–3D transition.

The InAs QD samples studied here were grown on semi-
insulating s100d epi-ready GaAs substrates in a Varian
GEN-II MBE system. A wafer was first baked at the tem-
perature of about 400 °C for around 1.5 h before being
loaded into the growth chamber. A 10 keV reflection high-
energy electron diffractionsRHEEDd system was used to
monitor the reconstruction of the GaAs wafer surface when
heating it for deoxidization and also used to calibrate the
growth temperature. A 0.3mm GaAs buffer layer was grown
in each sample at 570 °C in order to smooth the surface. We
grow two layers of QDs separated by an 800 Å GaAs layer,
one of which is left exposed on the surfacesfor AFMd. Here
we notice it is not so straightforward to compare properties
between the upper and lower QD layer due to the top QD
layer without the capping layer. We changed the growth tem-
perature and InAs coverage to study their effects on the QD

size, density and optical properties. The growth rate and the
ratio of As to In were kept at 0.07 ML/s and 50, respec-
tively, for all the samples.

The AFM measurements are performedex situ with a
Nanoscope III from Digital Instrument in contact mode. The
evolution of the density and the in-plane diameter of
InAs/GaAs QDs with different coverage are shown in Fig. 1.
The 1.031.0 mm2 AFM images are obtained from the cov-
erage of 1.74, 1.89, 2.03, and 2.61 MLs InAs QD samples,
respectively. Here, the growth temperature for InAs deposi-
tion is 475 °C. As is the typical case Fig. 1 shows that the
QD island density increases with increasing coverage. Be-
cause of their comparably small size and density, the QD
islands in Fig. 1sad with coverage of 1.74 ML appear to be
just beyond the 2D to 3D transition. With the increase of
coverage, the formation of 3D InAs QD islands evolves over
the entire wetting layer surface uniformly. When the cover-
age arrives to 2.6 ML, Fig. 1sdd, some coalescence appears.

A summary of density, height, and base diameter of the
QDs measured by AFM are shown in Figs. 2 and 3. Figure 2
shows that large InAs coverage leads to high InAs QD den-
sity, while the lowest density of InAs QDss,109/cm2d can
be obtained with about 1.74 ML. When the coverage in-
creases, the density sharply increases. Once the coverage ex-
ceeds about 2 ML, the formation speed of QD density de-

FIG. 1. AFM images of InAs QDs grown ons100d GaAs substrate at cov-
erage ofsad 1.74,sbd 1.89,scd 2.03, andsdd 2.61 MLs. The growth tempera-
ture is 475 °C. The measured area is 131 mm2.

FIG. 2. The dependence of the density of the InAs QDs on the InAs cov-
erage grown on GaAs substrate by MBE.
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creases, and seems to saturate. The saturation of density may
come from two aspects. As soon as 3D islands nucleate, they
act as capture center not only for adatoms that are deposited
but also for those atoms detaching from 2D islands. Thus, the
2D island size decreases, which causes reduction of the con-
version rate of the 2D island to 3D island. Hence, the ini-
tially large rate of QD island formation decreases. The other
reason is due to the coalescence of 3D islands at thick cov-
erage layer. Both processes produce the same general result.
The evolution trends of the base diameter and height of the
InAs QDs with the coverage layer give the same result. Both
the base diameter and the height arrive at the largest value
for 1.89 ML coverage. Along with the increase of the cover-
age, the diameter and the height trend to saturation. Here, we
notice that we can grow the QD density as high as 9
31010/cm2, and such high density is hopeful in QD laser
fabrication.

While low QD island density is obtained at low coverage
at constant substrate temperature, the QD island size also
decreases. The smaller sizes of QDs limit the emission effi-
ciency and intensity, and cause an unexpected emission
wavelength in the fabrication of triggered photon sources.
Adjusting the growth temperature also affects the QD density
and optical properties. Keeping the InAs coverage in the
range of 1.9 ML, we can, in the future, adjust the QD size
and density by changing the growth temperature. This
method lets us obtain relative low-density distribution with
larger sizes.

Figure 4 shows the experimental results of the variation
of InAs QD density with the change of the InAs QD growth
temperature at 1.89 ML InAs coverage. Under the high
growth temperature, we obtain the lowest InAs island density
s,20/mm2d, while the height and base diameter of InAs
QDs increase with the temperature, which shows a trend of
low density-large size. During SK growth with kinetic
model, adatoms adsorbing to the wetting layer from deposi-
tion process are assumed the only mobile surface species.
Diffusion adatoms meet bond together and form small 2D
islands. Mobile adatoms hop randomly on the InAs wetting
layer around nearest-neighbor sites dependent on the surface
diffusion constant,34,35 which is mainly decided by the
growth temperature. The increase of the growth temperature
enhances the mobility of In adatoms on the InAs wetting
layer surface, which decreases the accumulation of atoms on
the top of 2D islands. Hence, the speed of conversion of 2D
islands to 3D islands would decrease.

Figure 5 shows the experimental results of the relation-
ship between the InAs QD density and the growth tempera-
ture sshown by circlesd. The InAs coverage is 1.89 ML, and
the growth temperature changes from 460 °C to 525 °C.
Under these growth conditions, there is an abrupt change in
the QD density. At low growth temperatures QD formation is
inhibited by poor kinetics, while kinetic barriers are
removed as the growth temperature increases. In the high
temperature regime there is a narrow window where low
density with relatively large QDs can be made. According to
a simple thermally activated diffusion equation, the 3D is-
land density sndd is proportional to temperature:nd

~ s2h/kTd1/3·sG/a0d1/3·expfEfsTd /3kTg,34–36 whereh and k
are the Planck’s and the Boltzmann’s constants,a0 is the
distance of a nearest-neighbor hopping,EfsTd is the energy
barrier,T is the growth temperature, andG is the growth rate
with unit of monolayer/s. With this formula, we can explain
the dependence of InAs QD density on growth temperature
in partially temperature regime, separately. The abrupt reduc-
tion in the density with increased growth temperature indi-
cates an additional process besides simple thermally acti-
vated kinetics. One possibility is interfusion of gallium
atoms into the InAs QDs by a temperature-dependent segre-
gation during growth. The interfusion of the gallium atoms

FIG. 3. The dependencies of InAs QD height and base diameter on the InAs
coverage.

FIG. 4. AFM images of InAs QDs grown ons100d GaAs substrate with 1.89
ML InAs coverage by MBE at growth temperatures ofsad 475, sbd 482, scd
505, andsdd 525 °C. The growth rate of InAs QDs is 0.07 ML/s, and ratio
of As to In is about 50. The measured area is 131 mm2.

FIG. 5. The dependence of the InAs QD density, grown on GaAss100d, on
the inverse of the growth temperature at the growth rate of 0.07 ML/s and
an As/ In ratio of 50.
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into the InAs QDs would result the formation of InGaAs
QDs, which causes the strain reduction. According to the
elasticity theory,37 the change of the barrier due to the strain
is proportional to the strain. Thus, we expect a low energy
barrier value for fit at high growth temperature.

Figure 6 shows our result with low-density InAs QD
distribution obtained under 1.81 ML InAs coverage and
growth temperature of 525 °C. The InAs QD density is
about 10/mm2, and the height and the base diameter of the
QDs measured by AFM are about 2 nm and 30 nm, respec-
tively. These experimental conditions were used in growing
single-photon emission source with DBR structure.

III. PL CHARACTERISTICS OF QDs

PL measurements were carried out at low temperature
s4 Kd for different InAs QD growth temperatures. A mode-
locked Ti:sapphire laser which was pumped by a solid-state
diode-pumped lasersModel: Verdi™ V-10d and emitted 1 ps
pulses with a repetition rate of 76 MHz was used. A lens was
used to focus the pump laser beam to a,5 mm diameter
spot on the sample. The PL was focused onto a pinhole that
effectively selected a 3mm region of the sample, and re-
jected scattered laser light. The light signal was then detected
by a liquid nitrogen cooled CCD array camera following a
spectrometer with 1 Å spectral resolution.

Figure 7 shows the PL experimental results at the growth
temperatures 450, 482, 493, and 515 °C, respectively. Bro-

ken lines are the Gaussian fitting of each peak. Due to the
fluctuation of QD sizes and shapes that lead to a variation in
the confined energy levels, the QD ensemble emits a broad
peak in PL spectra. Moreover, the distinctive double-peaks
can be seen from PL spectra, especially at low growth tem-
perature. When the growth temperature increases the double-
peak gradually becomes together. In addition, the energy
peak position of QDensembleemission in the PL spectra
changes to high direction with the increase of the growth
temperaturesFig. 8d. A possibility may be due to the interfu-
sion of Ga atoms into the InAs QDs at high temperature.
From Fig. 8, a concomitant narrowing of full-width at half-
maximum sFWHMd from 82 meV to 74 meV with the in-
crease of the growth temperature reveals a narrower QD size
distribution at high temperature.

Besides the uniform QD size, shape, and the interfusion
of Ga atoms into InAs QD, the sparse QD distribution partly
contributes to the decrease of FWHM. From the AFM image
of Fig. 4, we can see the distances between vicinal QDs
increase with the temperature. The value gradually becomes
larger than 100 nm, which leads to the reduced weak cou-
pling between QDs. So, a large amount of QDs are decou-
pled from each other, and the efficient relaxation process of
carriers will happen inside each QD. Figure 9 shows the
relationship between the QD density and FWHM. It clear
displays the variation trend, i.e., low QD density leads to
narrow FWHM. The insert PL picture in Fig. 9 shows a well
uniform QD size and shape sample with a low density of
about 20/mm2. The dotted line is a Gaussian fitting result. A
very narrow FWHM of around 17 meV is obtained from
such sample.

FIG. 6. Low-density InAs QD distribution grown by MBE with 1.81 ML
coverage. The measured area is 131 mm2.

FIG. 7. Low temperatures4 Kd PL emission spectra obtained from
InAs/GaAs QD samples grown on a GaAs substrate at temperature of 450,
482, 493, and 515 °C.

FIG. 8. Temperature dependence of emission peak position and the FWHM
for InAs QD.

FIG. 9. Dependence of FWHM on the InAs QD density. A narrow linewidth
of 17 meV is obtained from the density of 20/mm2.
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IV. GROWTH OF AlAs/GaAs DBR STRUCTURES

The designed structure of triggered photon source in-
cludes a GaAs cavity region consisting of 1.81 ML of InAs
QDs in the middle. The cavity thickness corresponds to one-
wavelength at the cavity resonance. The bottom and the top
mirrors of the cavity are the DBR layers consisting of
quarter-wavelength thick AlAs/GaAs layers. The bottom
DBR has 35.5 pairs, while the top has 16 pairs. That the
bottom DBR reflectivity is higher than the top DBR is to let
almost all of the emission light in the cavity escaping up-
wards rather than downwards. The resonance wavelength is
designed to coincide with the photon emission peak of InAs
QDs.

Controlling the growth thickness and crystal quality of
DBR layers is important for successfully achieving the de-
sired optical properties of DBR structure. The methods of
optical reflection difference38 and dynamic optical
reflectivity39 are typically used to measure the growth rate in
MBE experiment. To calculate the growth rate, using these
techniques, the refractive index at high temperature is
needed. The refractive indices are sensitive to the tempera-
ture and the wavelength of light. Unfortunately, the refractive
indices at high temperature for AlAs and GaAs over a suffi-
cient wavelength region are not well known. In our experi-

ment, they are achieved by combiningin situ optical reflec-
tivity and ex situhigh-resolution x-ray diffractionsHRXRDd.
Based on the above experimental data, we constructed the
empirical formulas for the refractive indices of AlAs and
GaAs at high temperature over a relative wide wavelength
range.

Figure 10 shows the dependence of the refractive indices
of GaAs and AlAs on the energy at temperature of 873 K.
Circles are the experimental data,40 and solid lines are the
empirical formulas according to the following equations:41

nsT,ldGaAs=ÎAsTdGaAs+
10−8

E0
2sTd − shc/ld2 +

9.404

E1
2sTd − shc/ld0.96 s1d

and

nsT,ldAlAs =ÎAsTdAlAs +
0.0609

E0
2sTd − shc/ld2 +

61.064

E1
2sTd − shc/ld2.23 + Rsld, s2d

where T is the temperature,l is the wavelength,h is the
Planck constant, andc is the optical speed.E0sTd is set to the
band gap energy,Eg, whose temperature dependence is42

E0sTd = E0s0d + 2.862 · 10−2 ·F1 − cothS1.59 · 10−2

2kBT
DG

+ 3.696 · 10−2 ·F1 − cothS3.39 · 10−2

2kBT
DG , s3d

wherekB is the Boltzmann constant,E0s0d=1.5192 for GaAs
and 3.099 for AlAs. The energyE1sTd andAsTd are assumed
to depend on the temperature by the following formulas:

AsTdGaAs= 7.3377 + 5.534 · 10−4 ·T − 3.56 · 10−7 ·T2,

s4d

AsTdAlAs = 2.857 + 4.574 · 10−4 ·T − 2.942 · 10−7 ·T2,

s5d

E1
2sTd = E1s0d − 3.779 · 10−4 ·T − 1.121 · 106 ·T2, s6d

where E1s0d=3.791 for GaAs and 11.717 for AlAs. For
GaAsRsld=0, and for AlAs

Rsld =
2.157 · 10−3

1.331 · 10−3 − shc/ld2 . s7d

Figure 11 shows a HRXRD measurement bys004d scan
using a Philips X’Pert HRXRD instrument to 20 pairs of
GaAs and AlAs on a 0.3mm GaAs buffer layer grown at
590 °C. The experimental rocking curve is shown in Fig.
11sad. The high number of visible satellite peaks indicates
the high crystalline quality of DBR structure. Figure 11sbd
shows the simulation result by using commercial software
sPhilips X’Pert Epitaxy Analysis Softwared. We can get a
good agreement between experimental data and simulation
results. The standard deviation in thickness for GaAs and
AlAs is 1%. The effect of the changes of the lattice param-
eters with the growth temperature was also considered in the
calculation. Moreover, we carried out the optical reflectivity

FIG. 10. The dependence of the refractive indices of GaAs and AlAs on the
energy at high temperature.
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spectrumsORSd measurement at room temperature to check
up the thickness further.43 We found the calculated ORS re-
sults to be in a good agreement with the experimental data on
the bandpass and in a long wavelength region. This agree-
ment confirms the accuracy of the thickness obtained from
the HRXRD measurement. With this method, the accuracy of
DBR structure thickness can be controlled around 1%. We
expect our empirical formulas for GaAs and AlAs to be of
several uses in a variety of optical device structures.

V. FABRICATION OF MICROPOST

After the successfully growth of the cavity structure con-
taining InAs QDs at the center antinode, and surrounded by
the AlAs/GaAs DBR pairs, the fabrication of micropost is
achieved by employing EBL and dry etching. For EBL, we
used a Leica Stereoscan 440 SEM. Writing software Nanom-
eter Pattern Generation System produced by J. C. Nabity was
used for lithographic patterns. During the writing, optimal
choice of electron beam current and energy, magnification
and exposure dose was experimentally decided to meet the
requirement on the resolution and saving the exposure time.

A bilayer resist was used in the etching. This bilayer
consists of a top layer of low-sensitive PMMA and lower
layer of high-sensitive copolymer of MMA and methacrylic
acid sPsMMA-MAA dd. A mixture of a polar and a nonpolar
solvent develops both layers simultaneously, which will im-
prove the undercut profile etching. A thick Ni layer
s,100 nmd was deposited on the sample as a mask for deep
etching of microposts.

Dry etching was carried out by using a low-pressure
electron-cyclotron-resonance plasma etchersPlasmaQuestd
with a dilute mixture of Cl2 and BCl3 in a background of Ar.
The sample was cooled by flowing helium gas at about 3 °C.
The etching process was divided into three steps. In each
subsequent step, we decreased the partial pressure of Cl2 and
the process pressure. While, the applied rf power was in-
creased to maintain a roughly constant dc bias. The adoption
of three steps during the etching is helpful in improving the
undercut profile.

Figure 12 shows a scanning electron microscopesSEMd
image of a typical etched micropost. The topper diameter of
the post is 0.6mm, and the height is around 4.2mm. The

AlAs/GaAs DBR structures are clearly visualized as dark
and white areas, respectively. The one-optical wavelength
GaAs cavity region is also shown clearly in the near middle
area in the micropost. Although we have used bilayer resists,
cooling the sample and dividing the etching process into
three steps during the etching, undercut profile is still
present, but can be improved in the future.

VI. OPTICAL CHARACTERIZATION OF MICROPOST
MICROACVITY

Using the above mentioned for growth and etching, we
fabricated micropost microcavities for triggered photon
sources. The optical experimental set-up to the micropost
microcavities is the same as that in PL experiment to the
QDs except the addition of a Hanbury Brown and Twiss
sHBTd type apparatus for measuring the photon correlation
function. The sample is set in a liquid helium cryostat at the
temperature of about 4 K. The emitted photon light can be
sent to a spectrometer, a streak camera or be directed towards
the HBT for measuring the intensity as a function of time
and of wavelength, or to record a histogram of time intervals
between photons. More detail on the experimental methods
can be found in Refs. 44 and 45.

Figure 13 shows the PL experimental result from a mi-
cropost microcavity containing a single InAs quantum dot.
The emission in the wavelength range of 835–845 nm is
from the wetting layer. Spectrally isolated emission at a
wavelength of 855 nm is due to a single quantum dot. The
fundamental resonance wavelength of the cavity is designed
at a near-resonant wavelength of 855 nm. This QD emission

FIG. 11. Experimental HRXRD curvesad, and simulation curvesbd for 20
pairs of a GaAs/AlAs DBR structure.

FIG. 12. A SEM image of a typical micropost microcavity, constructed of
GaAs/AlAs DBR pairs with InAs QDs buried in the center of the GaAs
cavity. The top diameter is 0.6mm, and the height is 4.2mm.
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line is used in our single photon emission studies. The certi-
fication of single photon emission was experimentally car-
ried out by measurement of photon correlation functiongs2d

3std. The experimental value of quality factorQ for such
sample is round 600. The detail expressions on the experi-
mental set-up and discussions on the experimental results
can be found in Refs. 44 and 45. The measured normalized
second-order correlation function shows the normalized cen-
tral peak area is as low as 0.10 under the incident pump
power of 10.9mW. This is a clear indication of strong anti-
bunching for the emitted photons, and demonstrates that a
triggered single photon has been achieved.

VII. SUMMARY

The achievement of an efficient, single photon source is
a basic condition in the quantum communication.46,47By em-
ploying the nanofabrication and the material growth tech-
niques, we have fabricated such a single photon source. A
micropost microcavity with a low density of InAs QDs po-
sitioned at the antinode of a wavelength-thick GaAs cavity
layer surrounded by AlAs/GaAs DBR pairs has been fabri-
cated. We have demonstrated a strong dependence of InAs
QD density on the growth temperature in the MBE growth.
With an increase of the growth temperature, the emission
wavelength moves to a shorter wavelengths, and the FWHM
becomes narrower due to more uniform size and shape dis-
tribution. A set of empirical formulas for the refractive indi-
ces of GaAs and AlAs at a high temperature have been de-
veloped over a wide wavelength range, allowing us to
precisely control the thickness of AlAs and GaAs DBR lay-
ers. The PL data from the micropost microcavity features the
resonant emission of an isolated single InAs QD with the
cavity.
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