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Antimony-based compounds offer a wide range of electronic band gaps, band offsets, and
electronic barriers along with extremely high electron mobility. Hence, these materials are attracting
much attention for potential applications in high-speed and low-power consumption electronic and
optoelectronic devices. The lack of large size and low cost lattice matched substrates for these
materials requires the development of thin and high quality buffer layers accommodating the lattice
mismatch with semi-insulating (SI) substrates (GaAs, Si substrates). However, due to the large lattice
mismatch, the heteroepitaxial growth of III-Sb on SI substrates induces a high density of threading
dislocations that are highly detrimental for both electrical and optical properties of the device. To
overcome this problem, many studies show that the formation of a periodic array of 90° misfit
dislocations at the epilayer-substrate interface seems to help in reducing TDs density (< 106 cm-2) with
an almost complete strain relaxation (98%) [1]. In this context, we investigate the epitaxial growth of
GaSb on both GaAs and GaP (001) substrates. Indeed, the optimization of the relaxation process
would open the way to the growth of high quality antimonides on Si thanks to both GaAs/Si and
GaP/Si platforms [2, 3].
In this work, we present some critical parameters involved in the formation by Molecular
Beam Epitaxy of a high quality 90° misfit dislocation array at the interface between GaSb and GaAs
or GaP substrates. Among these parameters, the initial GaAs or GaP surface treatment is studied. In
particular we compare, by means of AFM, TEM and RHEED analysis, the dislocation network
obtained using either a Ga-rich surface preparation or an Sb-rich one [4, 5]. Figures 1 and 2 present the
cross-section HRTEM images of GaSb/GaAs and GaSb/GaP interfaces, respectively. These figures
clearly show how a regular 90° misfit dislocation array is formed using an Sb-rich surface preparation.
Figure 3 shows plan-view TEM micrographs of 600 nm GaSb on GaAs using Ga-rich (sample A) and
Sb-rich (sample B) surface preparation: the threading dislocations appear as dark dots on the density
background, they are marked by arrows. Figure 4 displays the in plane lattice constant (IPLC)
evolutions extracted from the RHEED pattern records during the growth of GaSb. Using both
substrates, one can clearly see how Sb-rich surface preparation favours a quick and better relaxation
with a lower density of threading dislocations in the GaSb layer.
The influence of other growth parameters will be discussed such as growth temperature, growth rate
and V/III ratio in order to determine the predominant features in the relaxation process. Under
optimized growth conditions, AlSb/InAs heterostructures were grown on both type of substrates
exhibiting a 77K electron mobility of 108 000 cm2.V.s-1 and 143 000 cm2.V.s-1 with a sheet carrier
density of 1.5x1012 cm-2 for GaP and GaAs substrates, respectively.
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Figure 1: Cross-sectional HRTEM images of the GaSb
on (001) GaAs with Ga-rich (a) and Sb-rich (b) surface
observed along [1-10] orientation.

Figure 3 - Plan-view TEM images of sample A and B,
recorded close to the [001] reflection [6]

Figure 2: Cross-sectional high-resolution TEM
images of samples with Ga-rich (a) and Sb-rich (b
and c) surface. Arrows indicate 60° and 90° misfit
dislocations at the interface between the substrate
and buffer layer

Figure 4: Lattice constant evolution during the first 3
MLs GaSb deposition on a Ga-rich and a Sb-rich GaP
surface

20th European Workshop on Heterostructure Technology, HeTech 2011, Villeneuve d'Ascq, France, november 7-9, 2011

