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Abstract. In the article, we demonstrate the growth of AlGaAs nanowires on silicon substrates. 
It is shown that a controlled growth of short GaAs insertions inside AlGaAs nanowires is 
possible. Optically, such segments shows sharp and intense quantum dot - like emission lines. 
Our work opens new prospects for integration of direct bandgap semiconductors and single-
photon sources on silicon platform for various applications in the fields of silicon photonics and 
quantum information technology. 

1. Introduction 
A combination of nanowires (NWs) with quantum dots (QDs), are promising building blocks for future 
optoelectronic devices, in particular, single-photon emitters.  The most studied epitaxially grown QDs 
are self assembled, i.e., grown by island nucleation in the Stranski - Krastanov growth mode. In common 
case, the size, shape, and density of self-assembled QDs can be changed by growth parameters, but it is 
a strain induced process and controlling the properties of the array independently is a challenging task. 
QDs in nanowires have in contrast shown great potential as a highly controllable system. The diameter, 
height, and density of the QDs are defined by the NW diameter, the growth time, and the NW density, 
respectively, and can be chosen more predictable.    

2. Experiments 
Experimentally, all the samples in the present work were grown by molecular beam epitaxy. Growth of 
the NWs is performed in two conceptual stages. On a first stage, after the surface of a wafer treatment 
in a 10:1 aqueous solution of HF, the samples been immediately loaded to the metallization chamber 
where are heated up to the temperature of 850°C for 10 min. Then the sample temperature is decreased 
down to 550°C and Au deposition is performed with a total thickness of ~0.1 nm keeping 1 minute at 
the same temperature to form regular Au droplets. Next the samples are cooled down to the room 
temperature and transferred to the growth chamber. On a second stage, to grow the NWs, the substrate 
temperature is increased to the desired temperature (in a range from 510°C to 570°C), corresponding 
shutters (Al, Ga, As) are opened to promote the growth of the NWs. The reflection high energy electron 
diffraction (RHEED) technique is used for growth rates calibration (on a separate GaAs(100) substrate) 
and to control the NWs evolution. The nominal Al content x in the solid solution, measured from the 
ratio of Ga/Al fluxes is varied within the range x = 0.3-0.6. The AlGaAs growth rate is maintained 
constant at 1 monolayer per second. RHEED patterns dynamics observation shows pure wurtzite NW 
crystallographic phase formed already upon the deposition of few nm of AlGaAs and remained 
unchanged during the whole growth run. Another approach is used to form GaAs nanoinsertion in an 
AlGaAs NW body. For this particular case, after the growth of AlGaAs NW part, the Al shutter is 
controllably closed for several seconds (in a range of 5–15 s, no interruption or substrate temperature 
change are applied) resulting in the formation of a GaAs nanoisland on a top of NW, or quantum dot 
(QD) after embedding inside the AlGaAs NW. A transmission electron microscopy (TEM) image of 
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similar GaAs insertion in AlGaAs NW but grown of GaAs(100) substrate  may be found in e.g. [1]. To 
completely embed QD in the NW the Al shutter is again re-opened for additional 5 min.  
The surface morphology is studied by scanning electron microscopy (SEM), structural properties of the 
NWs were studied by TEM. Optical properties of the NW arrays are examined using photoluminescence 
(PL) setup by a continuous-wave neodymium laser (wavelength 532 nm) at an excitation power density 
of about 10 W/cm2. Hamamatsu R928 photomultiplier is used as a photodetector. PL measurements are 
made at a temperature of 10 K with nanowire-containing samples placed in a closed cycle helium 
cryostat. In a case of single NW measurements specially designed low–temperature µ-PL setup is used 
[e.g., 2]. 

3. Results and discussion 
It was found that during the growth spontaneous, independently on the Al fraction, core-shell structures 
with lower aluminum content in the cores are formed [3], as it shown in Fig.1. This peculiarity was also 
been proved by PL measurements of NWs arrays where two peaks in PL spectra was clearly seen from 
NWs arrays in the wide range of Al content. These peaks are responsible for the emission from both the 
core and the shell areas [4]. The measured values show that the shell Al content is close to the nominal 
Al/Ga fluxes ratio (determined from the calibration on a separate GaAs(100) substrate), while the 
aluminum content in the core is systematically smaller (typically twice), than nominal one. Another 
important conclusion is that aluminum should enter the droplet at a much lower rate but leave the droplet 
at a much higher rate than gallium.  

 
 

Figure 1. (a) TEM image revealing the spontaneous core − shell structure of the NW where the Al-
rich shell appears brighter. 

 
As concern of the nominal Al content x in the solid solution, both shape and height of the NWs change 
with increasing molar fraction of Al. The shape changes from pencil-like to conical, with the increasing 
of the taper part height. The shape becoming almost conical at x = 0.6. The height also consequently 
decreases from 4 μm (x = 0.2) to 1.0 μm (x = 0.6). These changes are common for the NWs which were 
grown under a regime limited by various factors, e.g., growth temperature [16]. In our case, this occurs 
due to the significant difference in the binding energies (and, consequently, in the migration lengths 
over the surface) of Al and Ga adatoms along the NW sidewalls. Consequently, the increase of nominal 
aluminum composition yields more tapered NWs towards higher x. At the same time, the diameter of 
the NWs tops remains constant (~ 20 - 25 nm) in all cases which is dictated by the Au initial droplet. 
Additionally, we carried out optical studies of single nanowire quantum dots grown in the range of 5-
20 s for the Al content x = 0.3 in AlGaAs NWs. In Figure 2 we show a photoluminescence spectrum of 
a single hybrid nanowire - quantum dot with GaAs insertion formed during 15 s. We observe sharp and 
intense lines around 750 nm, corresponding to excitonic complexes in the quantum dot.  
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Figure 2. PL measured at 4K of a single GaAs quantum dot in AlGaAs nanowire under off-resonant 
(532 nm) CW excitation. The quantum dot was grown for 15 s. 

 
Furthermore, we have been observed that by changing the quantum dot growth time from 5 to 15 s the 
emission wavelength shifts from 750 to 780 nm, correspondingly [5]. Optically, our growth method 
results in the formation of GaAs QD in a AlGaAs NW having very narrow spectral linewidth (< 10ueV, 
as measured separately using precise linewidth measurement technique [5]), single-photon emission in 
the wavelength range 750 – 780 nm in dependence on the QD growth time. We also note the high 
brightness of the single QDs emission reaching 1000 Kcounts/s. The quantum dots show antibunching 
of light and by fitting the data we obtain g2(t=0) = 0.2.  
 
4. Conclusion   
In conclusion, we demonstrate growth of AlGaAs nanowires on silicon substrates. We also demonstrate 
a controlled growth of short GaAs insertions inside AlGaAs nanowires. Photoluminescence of such 
segments shows sharp and intense QD-like emission lines in red. Our work opens new prospects for 
integration of direct bandgap semiconductors and single-photon sources on silicon platform for various 
applications in the fields of silicon photonics and quantum information technology. 
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