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Abstract— Along with a detailed description of the new technology of obtaining new semiconductor material GaAs+NiSb and 
study of its crystal and physical properties, the possibility of using this material in high power gigahertz electronics, solar 
energy converters, semiconductor quantum dot lasers is considered. Computer simulations of devices on this material are 
presented.  
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INTRODUCTION 
 
Progress in technologies of semiconductor elements, 
as well as all semiconductor industry, depends on 
materials and technology of substrates. At present in 
the semiconductor industry only three types of 
substrates are widely used: Sapphire, crystal Silicon 
and Germanium [1].  Presence of thick enough (tens or 
hundreds of microns) substrate creates a series 
resistance, so that the parameters are sharply 
deteriorated with increasing of the operating 
frequency upon the transition to sub-terahertz and 
terahertz frequency range (above 100 GHz) [2]. The 
presence of the semiconductor substrate also limits the 
heat dissipation from the active part of the device 
which also narrows the scope of such instruments. 
It is necessary to look for such nanomaterials and 
processes, so that we can hope for a cheap and mass 
production upon high efficiency, and low cost of 
materials. We propose, on the basis of studying the 
work on the basis of a Schottky diode, the real way to 
improve efficiency and limit the operating frequency 
of microwave devices, at least to one order of 
magnitude higher, or a significant increase in 
conversion efficiency and limiting frequency of 
microwave devices based on gallium arsenide and 
increase their power. The goal is performed at the 
expense of reducing the series resistance of the device, 
which is achieved by applying nanostructured 
epitaxial layers of gallium arsenide grown on 
substrates with metallic conductivity instead of 
epitaxial layers of gallium arsenide created on 
substrates of gallium arsenide. Such technology of 
growing epitaxial layers of gallium arsenide n-type 
substrates of single crystals of intermetallic 
compounds (NiSb, et al.) with lattice parameters close 
to the parameters of the lattice of gallium arsenide and 
creation on their basis of Schottky barrier diodes as the 
simplest and most technologically advanced and opto 
microwave devices[3-5]. Role of substrates in 
epitaxial structures of gallium arsenide for creating 
microwave devices, solar cells and semiconductor 
lasers based on quantum dots is not only in providing 

mechanical strength and crystalline perfection of the 
grown thin layers, but also in the formation of an 
ohmic contact to the working part of device and 
releasing of heat produced during operation in the 
device. These ohmic and thermal resistances of the 
substrate are the main factors determining the 
efficiency of photoconversion and limiting the 
frequency and power characteristics of the devices. 
During the operation of devices based on gallium 
arsenide, an inherent drawback of gallium arsenide as 
a semiconductor material was observed for the 
creation of high-power devices: maximum power of 
devices limited by the low thermal conductivity of 
gallium arsenide - 0.125 cal / grad.cm. sec, which is 
almost three times lower than the thermal conductivity 
of the silicon. Semiconductor manufacturing based on 
silicon and germanium faces with both financial and 
production difficulties due to high energy 
consumption technology, high cost of components, in 
particular germanium and, consequently, the high cost 
of the final product. Therefore, the simplification of 
the complexity of nanotechnology production 
processes plays a crucial role in ensuring the viability 
of future technologies. Let us illustrate this by the 
example of solar inverters and semiconductor lasers. 
More than half a century history of photovoltaics [1], 
based on silicon, apparently, has reached its limit both 
by maximum of efficiency (about 15%) and by the 
minimum cost of production. The fact that the 
production itself of Bul silicon substrate on which 
photo converters are grown , are grown from the 
melting at a temperature of about 1420° C by the 
Czochralski method with the speed of a few 
millimeters per hour. Such high energy costs can only 
be avoided by turning to other, less energy-intensive 
methods and materials. Solar photovoltaics on 
alternative materials such as GaAs are expensive due 
high cost of materials and complexity of the 
technology of production of multilayer nanostructures. 
Such complex nanostructures are needed to increase 
the conversion efficiency to the theoretical value close 
to 50% -60%. Such structures are unstable to focus 
sunlight and rapidly degraded during normal 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                Vol-4, Iss-2, Spl. Issue-2 May.-2016 

New Semiconductor Material GAAS+NISB For Nanoelectronics 
 

186 

operation. The development of the element base of 
photonics and micro- and nanoelectronics of gigahertz 
and terahertz frequency range is one of the most 
popular and rapidly developing field of science and 
technology. 

I. DETAILS EXPERIMANTAL 
A. Materials and Procedures 
Previously, it was shown the promising use in the 

epitaxial growth of thin films of gallium arsenide 
monocrystal of nickel antimonide as a material for the 
substrate [3]-[5]. During this process it was guided by 
the following considerations: firstly, the proximity of 
the crystal lattices of gallium arsenide on (111) and  
(0001) plane of nickel antimonide, secondly - 
availability and cheapness of the raw materials of high 
purity of nickel and antimony, and  existence of  only 
one compound on state diagram. For epitaxial growth 
of nanostructured layers of gallium arsenide used the 
method of molecular-beam epitaxy, which allows to 
trace and identify the characteristics of the process of 
thin phase epitaxy .  

Morphology and electron diffraction pattern of 
surface of the substrate is shown in Figure 1 after 
etching.  
 

 
Figure 1 - AFM picture of NiSb crystal surface (a), 
electron diffraction pattern (b), and a micrograph (c) 
after the chemical treatment.  

  Fresh etched nickel antimonide substrate was 
attached to the substrate holder and placed in a growth 
chamber MBE system via a gateway. The residual gas 
pressure in the growth chamber is 5 * 10-8 Pa. Before 
the beginning of the growth substrates were annealed 
in a stream of arsenic vapor under surface temperature 
500 ° C. The epitaxial layers of gallium arsenide were 
grown on-standard growth conditions at a speed of 
1µm / h, typical for homoepitaxial structures: the 

temperature of the gallium source - 9800 C, the 
temperature of the source of arsenic - 240 0C. The 
temperature of the substrate ranges from 480 0C to 
600 0C. The electron diffraction pattern of layers 
obtained at different temperatures are shown in Figure 
2. 

 
               ТП=2400С                       ТП=6000С                                      
Figure 2 - The electron diffraction pattern of layer obtained 

at a temperature 2400С and 6000С. 
 
The figure shows that for obtaining perfect 

single-crystal films, optimal substrate temperature is 
the temperature 600 0C, lower temperatures lead to the 
growth of epitaxial films with polycrystalline and 
amorphous structure. 

   The rate of growth of epitaxial layers of gallium 
arsenide - contact varied from 5nm / min to 30nm / 
min. The temperature of the substrate, we ranged from 
2500.S. to 6000S 

Figure 3 shows electron diffraction patterns of 
surfaces of the substrate and the gallium arsenide 
structure of epitaxial layers grown on such a surface, 
depending on the temperature of the substrate surface, 
demonstrating the effect of temperature on the growth 
surface of the epitaxial layer structure. This is seen as a 
structure of epitaxial layers of gallium arsenide varies 
from textured polycrystal mosaic single crystal to 
single crystal type. 

а) 
    

 
в) 
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Figure 3 - The electron epitaxial layers of GaAs, grown at 
different substrate temperatures: a) Tpodl = 300 ° C; c) Tpodl = 

375 ° C; c) Tpodl = 560 ° C 
 
Figure 4 shows schematic plane sections of a (111) 
GaAs crystal. The cut by the plane (111) is clearly 
visible hexagonal motif future plane epitaxy, whereby 
an epitaxial layer grown just repeats the motif plane 
epitaxy nickel antimonide (0001) (Figure 4). 

 
а) 

 
в) 

    

 
  

Figure 4 - Schematic section in the plane (111) GaAs crystal (a) 
and the conjugation crystallographic planes nickel antimonide 

(0001) gallium arsenide (c) 

Work on growing epitaxial layers of gallium 
arsenide heterostructures were preliminary. Figure 5 
shows the electron diffraction pattern of the epitaxial 
layer of gallium arsenide grown on the surface of 
nickel antimonide. 

 
Figure 5 - The electron heteroepitaxial GaAs film on the surface 

of the crystal intermetallic NiSb 
 
Since gallium arsenide epitaxial layer is grown on the 
surface (0001) of nickel antimonide, gallium arsenide, 
the growth plane is (111). For this reason, electron 
diffraction surface of gallium arsenide antimonide 
nickel dramatically different from the usual electron 
diffraction autoepitaxial layers on the surface (100). 
Unfortunately, the quality of epitaxial layers of 
gallium arsenide antimonide on the surface of nickel 
does not differ very high perfection (sometimes shows 
a mosaic structure of the single crystal). Figure 6 is a 
micrograph of the surface of the GaAs epitaxial film 
on the surface NiSb and its energy-dispersive 
spectrum. 

 
а)  

 
в) 

Figure 6 - A micrograph of the surface of the GaAs epitaxial 
film on the surface of NiSb (a) and its energy-dispersive 

spectrum (b) 
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Figure 7 presents the spectrogram of the substrate of 
a single crystal nickel antimonide obtained an X-ray 
diffractometer DRON-7, supporting the crystal 
structure of the sample, ie, heteroepitaxial gallium 
arsenide film (peak 76, 21080), grown on a substrate 
of nickel antimonide (peak 75, 04860),  

  
Figure 7 - The dependence of the intensity on the angle 00 

 
Bridgman grown single crystals of nickel antimonide. 
The diffraction patterns of nickel antimonide grown 
attended only the peaks characteristic of NiSb, the 
parameters of the crystal re¬shetki coincide with the 
data card file JCPDS (Joint Committee on Powder 
Diffraction Standards). 

Substrates NiSb to create heteroepitaxial structures 
GaAs / NiSb are made of plates cut from the single 
crystal ingot NiSb. Plane shear plate substrate was 
determined using a standard X-ray method for the 
orientation of single crystal ingot by the 
crystallographic axes so that the plane of the film 
heteroepitaxial growth was the plane (0001). Cutting 
diamond discs made from the inner cutting edge. The 
plates were then subjected to chemical-mechanical 
polishing according to standard procedures. It is made 
of 20 plates of thickness ~ 1.5 -2 mm and dimensions 
of about 20-30mm. 

Preliminary measurements of the electrical 
conductivity carried out on single crystals of nickel 
antimonide show that the electrical conductivity they 
are more than an order of magnitude superior electrical 
conductivity of the most highly-doped (up to 1019 
cm-3) of gallium arsenide. 

Epitaxial layers of gallium arsenide grown 
on-standard growth conditions at a speed of 1 m / h, 
typical for homoepitaxial structures: the temperature 

of the gallium source - 980 0 C, the temperature of the 
source of arsenic - 240 0C. The temperature of the 
substrate ranges from 4800S to 6000S. 
The XRD patterns of the samples confirm that the 
obtained heteroepitaxial layers are monocrystalline. 
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