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ABSTRACT

We have investigated type II GaSb/GaAs quantum dots (QDs) grown on (001) Ge substrates. GaSb/GaAs has a
lattice mismatch of 7.8% which is reasonable to create QDs with molecular beam epitaxy by Stranski-Krastonov
growth mode. When GaAs buffer layer is grown on Ge, anti-phase domains (APDs) are created by polar/non-polar
effect. The quality of GaAs APD is a crucial parameter for GaSb QDs formation. It is found that when APD layer is
too thick (600 mn) and at rather high substrate temperature (580°C) for buffer layer growth and at high substrate
temperature (~450°C) for QD growth, GaSb QDs are preferable to form at APD grain boundary rather than inside
the APD grains. This is due to Sb atom mobility at high substrate temperature and accumulated strain at thick APD
grain boundary. When thinner GaAs layer (500 mn) is grown on (001) Ge substrate at lower buffer layer growth
substrate temperature (~500°C) for buffer layer growth and low QD growth temperature (~407°C), Sb atoms are
spread on the whole GaAs APD surface during Sb soaking because of Sb high sticking coefficient. This leads to
high density GaSb QD formation (~ 8.2xl09 dots/cm2) on the whole sample surface which is desirable for
photovoltaic device application.

Type II GaSb/GaAs QD has a high potential for photonic devices like memory, photo-detectors, solar cells due to
long carrier life time and low recombination rate [1]. Ge is a good semiconductor material for infrared detection [2].
Most of high efficiency tandem solar cells are also grown on Ge substrates [3]. The objective of this research work is
to combine quantum nanostructures with (001) Ge substrates using type II GaSb/GaAs QDs. High quality of dot
structure with good dot uniformity and dot distribution are required for high performance photonic devices. The
technical difficulty of growing compound semiconductors on (001) Ge substrate is the existence of APDs.
Therefore, it is necessary to investigate the growth parameters to prepare high quality both of GaAs APD layer on
Ge and GaSb QDs on top. 2

AIl the experiments are conducted by molecular beam epitaxy (Riber Compact 21 TM) with Sb cracker cell. Atomic
force microscopy (AFM) is used to observe surface morphology of the samples. When thick GaAs buffer layer (600
mn) is grown on (001) Ge substrate and GaSb QDs are grown at ~450°C, it is found that GaSb QDs are created at
APD grain boundary as shown in figure lea). The dot density is ~ 9.3 x 108 dots/cm2 with average dot diameter and
height of 56 mn and 4.5 mn respectively.

When we decrease the GaAs buffer layer thickness from 600 mn to 500 mn and the QDs growth substrate
temperature is also reduced to ~ 407°C, the top surface of APDs become flatten and the QDs can be formed on the
whole surface mostly inside the APDs. Some QDs are still formed on the APD grain boundary. By adjusting these
growth parameters, the dot density increases to ~ 8.2 x 109 dots/cm2, and QDs sizes are uniform with larger average
dot diameter of 65 nm and smaller average dot height of2.3 nm as shown in figure l(b).

167



(a)

"

(b)

I j.'.;',~' " .;":

·Y,·. " .... "'. ~, .... ,
) " 4 .•. ,.-. .. .. ','. (". .' ;-:. ".'.' :~....... :.'

' ". ' ;'.. '.' ~ "-"t' "';::~",...... ,.. : "", . .- .. .
" .:.", "of.

:> I ~":".,: f".:,:"
:'~ ,.,.:~", ,.; ~c , ':', .• ', •.•• ~
'<;'. ..•.:.~. r, ,".',

Figure 1. AFM Images of QDs formation on GaAs butler layer (a) 600 nm, (b) 500 nm and QDs growth tempe rature at
(a) 450 ()C , (b) 407 "C
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