A st Petersburg Polytechnic University Journal. Physics and Mathematics. 2024. Vol. 17. No. 3.1
HayuyHo-TexHunueckne sBegomoctun CM6IrMy. dusmnko-matematmyeckme Hayku. 17 (3.1) 2024

Conference materials
uUDC 535.3
DOI: https://doi.org/10.18721/IPM.173.162

Influence of the wet-chemical treatment on the optical and
structural properties of core-shell InGaN nanowires

T. Shugabaev ' 2®, V.0. Gridchin '3, A. Kuznetsov 4, A.S. Kulagina ' 2,
A.l. Khrebtov "2, V.V. Lendyashova' 2, R.R. Reznik ', G.E. Cirlin" 3>

! St. Petersburg State University, St. Petersburg, Russia;
2 Alferov University, St. Petersburg, Russia;
3 Institute for Analytical Instrumentation RAS, St. Petersburg, Russia

4 Center for Photonics and 2D Materials, Moscow Institute of Physics and Technology,
Dolgoprudny, Russia

SITMO University, St. Petersburg, Russia
X talgashugabaev@mail.ru
Abstract. We study the influence of the shell in InGaN nanowires with spontaneously
formed core-shell structure on their optical and morphological properties. It is shown that re-
moving the shell from the initial nanowires induces the photoluminescence enhancement and
changes their spectrum emission. Our research shows that etching the shell of these nanowires
nanocrystals leads to their deviation from the vertical position.
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AnHoTanuda. B naHHo#i paboTte ucciaeayeTcs BIMSHUE XMMUYECKOIO TPaBIeHUs] HUTEBUIHBIX
HaHokpucTaaoB InGaN co cnoHTaHHO-C(HOPMUPOBAHHOI CTPYKTYPOU SIAPO-000J0UKa HA UX
OINTUYECKHE U CTPYKTypHble cBolicTBa. IIpoaeMOHCTpUpPOBAHO, UTO yHajJleHHUE OOOJOUYKHU Yy
HUCXOJHBIX HUTEBUAHBIX HAHOKPUCTAJIJIOB MPUBOAUT K YBEJIMUEHUIO UHTETPaAIbHOI U MTMKOBOI
WHTEHCUBHOCTEH (DOTOMOMUHECIICeHIMNA. [IpoBemeHHBIE MCCIeIOBaHUS TTOKAa3bIBAIOT, YTO
TpaBJieHUEM O0O0JOUYKM AAHHBIX HUTEBUIHBIX HAHOKPUCTAJJIOB, MIPUBOAUT K UX OTKJIOHEHMUIO
OT BEPTUKAJIBHOTO IMOJOXEHUSI.

KioueBble cja0Ba: HUTEBUIHBIC HaHOKpUCTAIIBI InGaN, sampo-o00yi0uKka, TpaBIIeHHE
HUTEBUIHBIX HAHOKPHCTAJLIOB, YCHWJICHHE (POTOMIOMUHECICHIINM, MOJEKYISIPHO-ITYYKOBAs
BIUTAKCHUS
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Introduction

InGaN nanowires (NWs) are prospective candidates for fabrication ultra-high resolution
micro- and nano- light-emitting devices over a wide range of wavelengths [1, 2]. InGaN NWs
can be grown on lattice-mismatched substrates without forming structural defects, in particular
on cheap and available Si substrates [3]. The synthesis of ternary InGaN compounds in the
morphology of nanowires allows to obtain nanostructures with necessary emission wavelength in
the visible range due to all possible variations in the In content [4, 5]. Moreover, orange and red-
emitting InGaN nanocolumns with a high density of localized states due to large In fluctuation
was shown to potential achieve high luminescence efficiency [6].

Recently, it was shown that InGaN NWs grown by plasma-assisted molecular beam epitaxy
spontaneously formed with the core-shell structure [5], where the core contains 35—40 % indium
(Ing 55 0,052, ¢5.061V)> and the shell is almost pure GaN with 0—4 % In content. In this work, for
the first time, we study the influence of the shell of the NWs on their photoluminescence (PL)
properties. We determine that a decrease in the diameter of core-shell InGaN nanowires induced
by the wet-chemical treatment leads to their deviation from the vertical position.

Materials and Methods

The InGaN NWs were grown directly on p-type Si(111) substrates using Riber Compact 12
molecular beam epitaxy setup, equipped with Ga, In effusion cells, and a nitrogen plasma source.
Prior to growth, the substrates were heated up to a temperature of 920 °C and annealed for 20
min to remove the native oxide. The residual pressure in the chamber was 7-10~® Torr. Then,
the substrate temperature was decreased and a plasma source was turned on. After reaching the
temperature of 650 °C, gallium and indium shutters were opened simultaneously. The growth time
of InGaN NWs was 20 hours.
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We subjected the initial NW arrays to chemical treatment. Wet chemical etching was carried
out in the solution KOH:H,O (1:5) at a temperature of 75°C to remove the GaN shell. The
etching time varied from 20 to 80 seconds.

The morphology of the samples was studied by scanning electron microscopy (SEM
Supra 25 Zeiss). The NW array was investigated with the use of micro-photoluminescence (PL)
spectroscopy. The measurements were carried out on Jobin Yvon Horiba LabRAM HR 800
spectrometer equipped with a 100x magnification objective (N.A. = 0.9), camera and a stage with
piezoelectric controllers for precise positioning of the laser beam. The source of optical excitation
was a 532 nm laser, operating in a continuous mode. The optical system focuses the excitation
into the beam with a diameter of about 1 pm.

Results and Discussion

Figure 1, a demonstrates schematical image of initial NWs (before etching). The typical SEM
images of the grown N'Ws are presented in Fig. 1, b. It is clearly seen that the array contains both
separated and coalesced NWs with an average height of about 2.7 um. The spatially separated part
of NWs have a core-shell structure with a shell thickness of about 20—30 nm and core diameter d,
30—40 nm [5, 7]. The core-shell NW diameters are not constant and decrease from 100—130 nm
(d,) at the substrate surface up to 55—65 nm (d,) at the tops of NWs.
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Fig. 1. Schematic image of the NW array before etching (a); typical cross-section SEM images of
initial InGaN NWs (b) and after 50 s of etching (c)

The average values of d1 and d, decreased to 66 nm and 42 nm, respectively, after 60 seconds
of etching (Fig. 1, ¢). Note that this value of d, is close to the core diameter d; 30—40 nm.
In addition, we observe a deviation of NWs from the growth direction in the range from 0 to
60 degrees that induced by the thinning of the shells.

Figure 2 demonstrates room-temperature PL spectra of sample with different etching times:
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Fig. 2. Room-temperature PL spectra of the NW array with different etching times
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The grown NWs have a noticeable PL in the range of 600—800 nm. We attribute the relatively
broad PL spectrum to the compositional fluctuations of the indium content within the NWs.
Figure 2 shows an increase in peak and integral PL intensity by a factor of 3.5 with increasing
etching time from 0 to 60 seconds. Noticeable PL quenching and a shift of the PL peak to short
wavelengths are observed after 80 seconds of etching that is explained by the sufficient core
etching. Detailed mechanisms and reasons for the PL enhancement as a result of InGaN core-
shell NWs etching will be presented in further studies.

Conclusion

This work should be useful for understanding the influence of shell on the luminescent
properties of core-shell InGaN NWs. The PL intensity enhancement was observed in the case
of etched NWs. Moreover, our results showed that a decrease in the diameter of core-shell NWs
induced by treatment leads to their deviation from the vertical position. The results obtained can
be useful for fabrication efficient LEDs based on molecular beam epitaxy growth InGaN NWs.
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