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Growth of long core-shell InGaN nanowires by plasma-assisted molecular beam epitaxy
with gradually increasing substrate temperature
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Abstract. This work presents the results of a study on the morphological and optical
properties of InGaN nanowires grown using two different substrate temperature regimes. It is
obtained that a gradual increase in the substrate temperature during the growth process makes it
possible to obtain long morphologically homogeneous nanowires with a core-shell structure. The
photoluminescence of nanowires is in the green range and is three times higher than that of similar
structures grown in a stationary temperature regime.
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AnHoTanmus. B  ganHOW  paboTe  mpencTaBiIeHBl  PE3yJibTaThl  HCCIICIOBAHHS
MOP(}OIOTHYECKUX U ONTHYECKUX CBONCTB HUTEBUIHBIX HaHOKpHCTaOB InGaN, BbIpamieHHbIX
C UCIIOJIb30BAaHHUEM JIBYX Pa3IMYHBIX TEMIIEPATYPHBIX PEKUMOB. Y CTAHOBIIEHO, YTO MOCTENICHHOE
MOBBIIICHHE TEMIEPaTyphl MOJJIOKKH B MPOLECCE pOCTa MO3BOJISIET NOJy4aTh JJIMHHbBIC
MOp(}OIOrHYecKd OAHOPOIHbIE HUTEBUIHBIE HAHOKPUCTAIBI CO CTPYKTYpOH SApo-000J0YKa.
DOTOTOMHUHECIIEHIUS TAKUX HUTEBUJIHBIX HAHOKPHUCTAIIOB HAXOAUTCS B 3€JICHOM JMana3oHe U
B TPU pa3a BhIIIE, YEM Y AaHAJIOTUYHBIX CTPYKTYP, BHIPAILIEHHBIX B CTAIIMOHAPHOM TEMIIEPaTypPHOM
pexume.
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Introduction

InGaN binary and ternary compounds are important solids for new-generation optoelectronic
devices due to their direct band gap and the possibility to tune a band gap energy from ~ 0.7 to 3.4
eV [1]. However, InGaN ternary compounds with a high In content (In > 30 %) tend to phase
decomposition because of the notable difference in bond lengths between In-N and Ga-N
(miscibility gap) [2]. This feature complicates the growth of InGaN thin films on the commercially
available substrates (c-Al203, SiC, Si) and results in poor crystal quality of the InGaN thin films
with high In content.

A promising method for the fabrication of InGaN ternary compounds with high In content
and high crystal quality is the growth of nanowires (NWs) [3]. Recently, we have revealed a novel
type of InGaN NWs with spontaneously formed core-shell structure directly grown on Si substrate
by plasma-assisted molecular beam epitaxy (PA-MBE) [4,5]. As it was shown, this type of
structures is highly sensitive to the local III/N flux ratio and growth temperature which complicates
the fabrication of homogeneous nanowires with needful properties [6]. In the present work, we
study an approach to grow morphologically homogeneous long InGaN NWs with core-shell
structure by gradually increasing substrate temperature during the growth.



Materials and Methods

The growth experiments were carried out on a Riber Compact 12 MBE system equipped
with an Addon RF-N 600 plasma source and effusion cells of Ga and In. The (111)-oriented silicon
substrates with n-type conductivity were used. Before the growth the substrates were etched in
HF:H>O solution and thermally annealed at 850 °C for 20 min in the growth chamber for silicon
oxide removing. The growth experiments were carried out under slightly nitrogen-rich growth
conditions. The beam equivalent pressures of the In and Ga sources were equal to each other and
corresponded to 1 - 107 Torr. In the first case, we carried out growth with stationary substrate
temperature which consisted of 650 °C. The growth time corresponds to 51h. In the second case,
we gradually increased substrate temperature after 21h of the growth process. The rate of the
increase of substrate temperature was 1 °C per hour.

A study of the morphology properties was conducted via a Carl Zeiss Supra 25 scanning
electron microscopy (SEM) system. The optical properties of the samples are investigated using
photoluminescence (PL) spectroscopy at room temperature with a He-Cd laser (325 nm) and pump
power of 6.5 mW and silicon photodetector. The polarity of long InGaN NWs was determined by
wet chemical etching of NWs in a KOH:H2O solution according to the method described in [7].
The etching time was 40 seconds.

Results and Discussion

Figure 1(a,b) demonstrates typical SEM images in cross-section and plan view of InGaN
nanowires grown at a stationary substrate temperature (a) and gradually increasing substrate
temperature (b). On the left side, the substrate temperature change graphs are presented. Three-
dimensional nanostructures consisting of nanowires near the substrate surface and partly-coalesced
nanostructures above are obtained in the stationary growth regime (Fig. 1a). These nanostructures
correspond to similar ones grown at lower substrate temperatures [6]. The formation mechanism
of them can be explained by the decreasing effective temperature on the growth surface with
increasing the height of nanostructures. To eliminate the influence of the effective growth
temperature, the substrate temperature was gradually increased starting from 21 h of growth. In
this growth regime, the formation of morphologically homogeneous NWs with height of about 7.5
um was achieved (Fig. 1b). From the plan-view SEM image “cracks” are visible that definitely
indicate the spontaneously formed core-shell structure within the NWs [5].

To identify the polarity of long core-shell InGaN NWs they were treated in the KOH solution
[7]. For the first time, it was obtained that the cores and shells of NWs exhibit a Me-polarity and
N-polarity, respectively.
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Fig. 1. Typical SEM images in cross-section view and plan-view of InGaN nanowires grown at stationary
substrate temperature (a) and gradual-increased substrate temperature (b). Room-temperature PL spectra

of grown samples (c). On the left side, the substrate temperature change graphs are presented.

Figure 1c demonstrates room-temperature PL spectra of grown samples. The PL spectrum
consisting of relatively low-intensive areas in the range from 350 to 750 nm was obtained for the
sample grown at the stationary temperature regime (green line in Fig. 1¢) that explained by the
formation of InGaN nanostructures with different indium content. The relatively homogeneous PL
spectrum with a maximum at 540 nm and corresponding full-width at half-maximum about 64 nm
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was obtained in the gradual-increased temperature regime (blue line in Fig. 1c). Moreover, the
integral PL intensity of these NWs is 3 times higher than that of nanostructures grown at stationary
temperature regime. A relatively low-intensity PL area near 380 nm corresponds to the emission
from the shell of NWs.

Conclusion

In this work, the results of studies on the morphological and optical properties of InGaN
nanowires grown at two different substrate temperature modes were presented. It was obtained
that using gradual-increased temperature growth allows one to fabricate morphological
homogeneous long NWs with core-shell structure. The PL spectrum of these NWs corresponds to
the green range and 3 times higher than similar ones for nanostructures grown at steady-state
temperature growth mode. The results obtained could provide valuable data in the field of nanomaterials
engineering.
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