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Fig. 1. (a) Schematic diagram of the MBE epitaxial growth of InAs/GaAs quantum dot sample
structure; (b) Schematic diagram of the quantum dot film placed on Au nanopafticlésy(c) Au
nanoparticle photograph taken by a scanning electron microscope.
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Fig. 2. PL and TRPL spectra of quantum dot samples with different GaAs spacer thickness under
the influence of Au nanoparticles. (a), (c), (e), (g) and (i) are the PL spectra of QDs with GaAs
layer thicknesses of D=10, 15, 19, 25 and 35 nm, respectively. In figures, the "QD emissions" are
used for further TRPL measurements. The QD sample with GaAs thickness of D(=19nm) shows
several emission lines, where the “QD emission” with a big emission intensity is selected for TRPL
measurement. (b), (d), (f), (h) and (j) are the TRPL spectra of QDs with GaAs layerdhicknesses of
D=10, 15, 19, 25 and 35 nm, respectively. The black dashed lines are the fitting results by using
Eq.(8) and the obtained lifetimes are shown in the corresponding graphs.sThe RL'and TRPL of QD
samples with D=10 nm were measured at a repetition freguency of 20 MHz and saturation
excitation power, and the PL and TRPL of other QDssamples/ were measured at a repetition

frequency of 1 MHz and saturation excitation power,
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Fig. 3 The spontaneous emission rate of QD excitons as a function of a thickness D of the GaAs
spacer layer under the influence of Au nanoparticles. The solid curve is the theoretical calculation

result, and the open circles are the experimental data.
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Controlling Exciton Spontaneous Emission of
Quantum Dots by Au nanoparticles’
Li Yuan-HeY? Zhuo Zhi-YaoY? Wang Jian? Huang Jun-HuiY? Li Shu-LunY? Ni Hai-Qiao?
Niu Zhi-Chuan? Dou Xiu-MingY? Sun Bao-Quanb?*
1) (State Key Laboratory of Superlattices and Microstructures, Institute of Semiconductors,
Chinese Academy of Sciences, Beijing 100083, China)
2) (College of Materials Science and Optoelectronic Technology, Universityof Chinese Academy
of Sciences, Beijing 100049, China)
Abstract
As an ideal single-photon source, quantum.dots (QDs) can play a unique
role in the field of quantum informdtion. Controlling QD exciton
spontaneous emission can be achieved by anti-phase coupling between
QD exciton dipole field and Au dipole field after QD film was transferred
onto the Si substrate covered by Au nanoparticles. In the experiments, the
studied InAs/GaAs/QDs /were grown by molecular beam epitaxy (MBE)
on a (001) semi-insulation substrate. A film containing QDs with different
GaAs thickness was separated from the GaAs substrate by etching away
the AlAs sacrificial layer and transferred the QD film to the silicon wafer
covered by Au nanoparticles with a diameter of 50 nm. The distance D
(thickness of GaAs) from the surface of the Au nanoparticles to the QD
layer is 10, 15, 19, 25, and 35 nm. A 640 nm pulsed semiconductor laser
with a 40 ps pulse length was used to excite the QD samples for
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measuring QD exciton photoluminescence (PL) and time-resolved PL
(TRPL) spectra at 5 K. It is found that when the distance D is 15-35nm
the spontaneous emission rate of exciton is suppressed. And when D is
close to 19 nm, the QD spontaneous emission rate decreases to ~1073,
which is consistent with the theoretical calculation. The physical
mechanism of long-lived exciton luminescence observed in the
experiment is due to the fact that Au nanoparticles scatter the/light-field of
the exciton radiation in the QD wetting layer, and .the’ phase of the
scattered field is opposite to the phase of the exciton radiation field.
Therefore, the destructive interference between the exciton radiation field
and scattering field of Au nanoparticles..results in long-lived exciton
emission observed in the experiment.

Keywords: Quantum dots, Spontaneous emission rate,"Metal Nanoparticles, Long-lived

excitons
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