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Abstract. The paper presents an approach to growth of GaN nanowires with thick core-shell 

InGaN insertions with a high indium content for creation of LED structure. The study of the 
electrical properties shows typical diode dependence. The results obtained can make a signifi-
cant contribution to the development of light emitting diodes on silicon substrates.
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Аннотация. В данной работе представлен подход к синтезу светоизлучающей структуры 

на основе нитевидных нанокристаллов GaN с объемными вставками структуры «core-
shell» InGaN с высоким содержанием индия. Изучение электрических свойств показывает 
типичную диодную зависимость. Полученные результаты могут внести весомый вклад 
для разработки светоизлучающих диодов на кремниевых подложках.
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Introduction

Nowadays, the area of research of the development of micro light-emitting diodes (LEDs) 
based on InGaN ternary compounds is strictly relevant [1]. Since these semiconductors with a 
direct band gap have unique properties, from which one can distinguish the ability to control the 
emission wavelength from near UV to near IR by changing the chemical composition [1]. However, 
during the synthesis of homogeneous InGaN layers with different chemical compositions, internal 
strains and phase separation (“miscibility gap”) appear, associated with a large lattice mismatch 
between InN and GaN [2]. Also, the problem of the synthesis such layers with high crystalline 
quality is the lack of lattice-matched substrates compared to InGaN. As shown earlier, one of the 
ways to solve the problems described above is the synthesis of nanowires (NWs) [3]. One of the 
advantages of NWs is the possibility of obtaining practically defect-free structures on substrates 
with different lattice parameters and different thermal expansion coefficients [4]. Due to this, it is 
possible to use silicon wafers as substrates for growing NWs. Also, it is possible to circumvent of 
“miscibility gap” due to which it is possible to obtain an InGaN solid solution with any required 
chemical composition [5]. In this case, InGaN NWs grown with a high In content can have a 
spontaneously formed core–shell structure [6]. In this connection, at present, a large number of 
studies are aimed at creating light-emitting devices in the visible range based on GaN/InGaN 
NWs, where thick core-shell InGaN serves as the active region.

In this work, we study the structural and optoelectronic properties of GaN NWs with a thick 
core-shell InGaN active region grown on n-Si (111) substrates by plasma-activated molecular 
beam epitaxy (PA-MBE).

Materials and Methods

The GaN/InGaN NWs were grown by PA-MBE using a Riber Compact 12 MBE setup 
equipped with Ga, In, Mg, and Si effusion cells and a nitrogen plasma source. We used n-Si(111) 
substrates with 0.002–0.004 Ω⋅сm electrical resistivity. The growth process consists of major 
steps. The pretreatment of the substrates, necessary for the removal native silicon oxide layer, was 
carried out using an aqueous solution of hydrofluoric acid. After treatment, the substrates were 
transferred to a growth chamber and subjected to thermal treatment at a temperature of 950 °C. 
Then the temperature was lowered to a value of 600 °C, and Ga droplets were formed on the 
surface of the substrate for 15 sec. Then the substrate temperature was raised to 820 °C. After 
stabilization of the temperature, a nitrogen plasma source with a power of 450 W was ignited, the 
flux of which was set at 0.4 sccm. At this stage, GaN NWs with n-type conductivity were formed 
due to the simultaneous opening of Ga and Si effusion cells. After that, InGaN active regions 
were formed. Finally, p-type GaN NWs were formed by doping with Mg. The total growth time 
was 17 h.



283

Physical materials technology

The morphological properties of the sample were studied using scanning electron microscopy 
(SEM supra 25 Zeiss). The electrical properties of the NWs were studied by measuring the 
current–voltage (I-V) curves at room temperatures.

Results and Discussion

Fig. 1, a, b show typical SEM images of grown GaN/InGaN NWs and a schematic representation 
of GaN/InGaN NWs. As can be seen from figure 1, the morphology of the grown structures is 
close-packed GaN/InGaN NWs with an average length of 1.5 μm and the diameters at the base 
and top of about 90 nm and 350 nm, respectively. Also, it can be seen that the sample consists of 
both separated and partially coalesced NWs.

Fig. 1. SEM images of GaN/InGaN NWs: isometric view (a) and schematic image of the NW 
structure (b). The scale bars correspond to 200 nm

Before measuring the I-V curves the aluminum ohmic bottom contacts were formed on the n-Si 
substrate, and contacts were formed face top contacts on the p-GaN NWs by coating Ag paste 
(Fig. 2, a). Fig. 2, b shows the results of the measurements of I-V curves. As can be seen from 
the figure, the sample demonstrates typical diode behavior with an opening voltage of about 8V. 
High opening voltage can be caused by the Schottky barrier at the p-GaN/Ag interface [7]. The 
insertion to Fig. 2, b shows a photograph of the glow of the created structure.

Fig. 2. Scheme of an LED based on an array of GaN/InGaN NWs on the n-Si(111) substrate (a); 
The current-voltage curve of GaN/InGaN NWs LED (b)

Conclusion

In summary, the growth of the GaN/InGaN nanowires on the n-Si(111) substrate by the 
PA- MBE method was demonstrated. The results of grown NWs morphological properties showed 
that the morphology of both samples is a close-packed array of cone-shaped NWs with an average 
length of about 1.5 μm. The I–V curves of the samples show typical diode characteristics. The 
preliminary results showed the glow of the created structure when voltage is applied.
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