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At present epitaxial growth mechanisms are 
studied thoroughly due to several reasons. At first, 
nanostructures based on such compounds as Ge/Si, 
InAs/GaAs and their solid alloys, has been 
attracting attention of technologists because of a 
great success in creation of modern promising 
devices with utilization of quantum effects. At 
second, new experimental results have shown that 
dynamics and evolution of surface morphology 
cannot be fully explained in terms of known 
growth mechanisms Frank-van der Merve (FM), 
Volmer-Weber (VW) and Stranski-Krastanow 
(SK). In particular, recent experiments have shown 
that 3D islands exist at Pt/Pt or Ag/Ag [1] system 
with the essential incline of substrate surface, 
whose formation cannot be explained in terms of 
current theories [2,3]. In our works a well-matched  
with crystallographic  parameters (type and lattice 
constant) GaAs/ZnSe/Ge system has been selected, 
on which, for the very first time in a world, 
unstrained QD’s have been discovered. Also, 
change of growth mechanism from VW to FM 
with the substrate temperature and solid-state re-
crystallization at temperatures below melting point 
were observed.  

The MBE set with the ultimate vacuum of 10-

8Pa was used for creation of structures [4]. The 
growth chamber was equipped with the reflection 
high-energy electron diffraction (RHEED) system, 
quartz thickness controller, and handling device 
with thermocouple to monitor surface temperature. 
Grown samples were studied using scanning 
tunneling microscopy (STM) and Raman 
Scattering methods. Besides, photocurrent and X-
ray photoelectron spectral curves (XPS) were 
studied. Samples with the effective thickness of Ge 
up to 4 nm for (110)-oriented substrate and up to 7 
nm for (001)-oriented substrate were studied. 
Deposition of Ge was carried out in the 
temperature range from 200C to 3500C.  

Two methods of formation of Ge film were 
tested. In the first case Ge film 1 to 7 nm thick was 
deposited on top of the ZnSe epilayer at room 
temperature. An RHEED pattern characteristic of 
the amorphous material was observed at this stage. 
As the temperature increased, the surface Ge layer 
transformed from the amorphous to the 
polycrystalline phase; then, at ? ?  2000? , bulk 
reflection appeared and, at ? ?  3000? , the pattern 
reflexes stretched into streaks. This stage is related 
to formation of islands array. If the heating 
continues, (2x2) surface structure for orientation 
(001) is finally formed at ? ?  320-3500? . In the 
second case, a series of experiments were carried 
out with Ge film deposited at different 
temperatures. It was shown that with the 
temperature rising from 200C to 3500C, different 
states of growing film could be observed, namely, 
an amorphous phase, an array of 3D islands, and a 
continuous film. As a result of the above 
experiments, a successive transition was observed 
from VW to FM growth mechanism with changing 
of the temperature. 

 The process of re-crystallization was observed 
in situ using RHEED and XPS methods. By 
varying the angle of incidence of the 
diffractometer electron beam on the sample 
surface, it was found that the solid-state re-
crystallization of the several nanometer thick Ge 
layer started at the heterointerface. In process of 
re-crystallization the relative shifts of XPS 3d 
peaks of Se, Zn and Ge were measured. The 
relatively small changes in separation between 
peaks of Se and Zn, ??  = 80±50 meV, in the 
temperature range from 200C to 3500?  displays a 
relatively weak chemical interaction between the 
substrate and Ge layer. At the same time, the 
separation between peaks of Se and Ge in the 
temperature range from 200C to 1500?  (where 
monocrystalline islands are formed from the 



amorphous phase, according to RHEED data) 
changes by 1.2 eV. These facts agree with the 
assumption that as the islands are formed from the 
amorphous film the total system energy decreases. 

The distribution functions of QDs height and 
lateral size were calculated   to estimate the  
quantum dots uniformity. It was shown that similar 
distributions were observed for different 
thicknesses of the effective coverage, and that the 
average dot height increased with the  coverage 
thickness. The lateral size distribution was found  
to be asymmetrical. It sloped down abruptly from 
the average size towards the smaller size islands 
and had a slowly decaying tail at the larger size 
implying that larger islands tend to grow faster. It 
was shown that the average square of islands 
increased with the coverage thickness, and the 
distribution function itself widened. The average 
density of islands for (110) substrate, according to 
STM results, changed from 2.5x1011 cm-2 at 2 nm 
thick coverage to 2.0x1011 cm-2 at the coverage 
thickness of 4 nm. The shape of QD’s studied with 
STM method was found to be elongated along 
[110] crystallographic direction. 

For (001)-oriented substrates STM images were 
acquired at average thickness of Ge film from 1.7 
to 5.1 nm. The obtained experimental results for 
this orientation differed from those obtained for 
(110)-oriented substrate. The main difference was 
that with the comparable coverage thicknesses the 
measured density for (001)-oriented substrate was 
higher than that for (110)-oriented substrate and 
was restricted in the range from 7x1011 to 9x1011 
cm-2. Characteristic  sizes of 3D islands were 
smaller than those on (110) substrate, and were in 
5 to 8 nm range. These islands growed negligibly 
with the coverage thickness, and were rather 
round-shaped in the basis. The shape of QD’s 
studied with STM method was found to be droplet-
like without any well-defined crystallographic 
facets (Fig.1).   

The Raman spectroscopy has proven to be a 
very sensitive method, which can be used to 
measure the ultra thin epitaxial films and check 
their quality (continuous or cluster forms). It was 
shown that formation of QD’s is accompanied by a 
shift of scattering spectrum from Ge optical  

 
Fig.1. (a) The STM image of Ge quantum dots, (b)  

cross-section of quantum dot in the growth plane. 
 
 
phonons towards higher energies. The energy shift 
of the spectral curve is defined by sizes of quantum 
dots, while intensity of the peak depends on 
number of QD’s. Such a behaviour of the spectral 
curve is attributed to optical phonons that are 
localized in QD and whose energy state depends 
on QD size. Observable energy shifts are in good 
agreement with the energy of ground state, 
calculated in approximation of the effective mass 
and for real sizes of QDs.  

The band diagram of the 
GaAs/ZnSe/Ge/ZnSe/Al structure was derived 
from the experimental data (measured voltage-
current, photo-EMF and spectral characteristics). 
The mechanisms of QD’s formation are under 
discussion. 
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