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PROJECT DESCRIPTION

We propose to demonstrate in-plane and vertical cavity diode lasers
operating at 1300nm using (Ga, In) As quantum dot emitters. These
devices based on GaAs substrates are expected to exhibit superior
characteristics compared to the classical GalnAsP on InP based
devices, with the advantage of lower cost, compatibility with the well
established GaAs processing technology, improved reliability and
decreased temperature sensitivity. The project will demonstrate
1300nm optical links based on this all GaAs technology and compare
the performances with 1300nm GaAs devices.

OUR ROLE
IN THE PROJECT

Analysis of geometry and distribution of (Ga,In)As quantum dots
(QD) by means of transmission electron microscopy (TEM)

RESULTS

Laser structures were prepared by means of molecular beam epitaxy (MBE) by a team of EPFL . The aim of our research was to determine
by means of TEM techniques the quality and areal density of quantum dots (QDs). Both plan-view and cross-sectional TEM samples were
analysed [1-2]. This results are very useful to optimize the growth process. In Fig. 1a a plan-view of InAs QDs grown on GaAs is shown.
Symmetrical dark forms is the strain contrast around the dots, which in this case is the evidence of proper QD growth. The dots can be
treated as lens-shaped precipitates embedded in the GaAs matrix. The image allowed to count the aerial density of QDs which in this case is
450/square micrometer. Plan-view images inform us about the density and distribution of QDs but the information about the vertical shape
is missing. This can be found on cross-sectional images. Fig. 1b and 1c show bright-field (BF) and dark-field (DF) cross-sectional TEM images
of QDs, respectively. From Fig. 1a we can assume that thickness of a thin foil being a cross-section of QD heterostructures is below 50 nm.
In a BF image shown in Fig. 1b a contrast on QDs is dominated by strain contrast, which can be significantly decreased using DF images
(Fig. 1c). From such an image a shape of dots can be assessed. Assuming that the QD located rightmost on the image (Fig. 1c) was totally
included in a thin foil (so we see its projection), we can measure its width. It is approximately 25 nm.

Fig.2. Quantum dots
multilayer structure

Fig. 1. InAs quantum dots grown on GaAs: a) plan-view image. Cross-sectional TEM images
b) bright field; c) dark field
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