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Abstract. For the first time, the growth details and photoluminescence properties of ultra-
thin InN insertions embedded in GaN nanowires are presented. The InN insertions embedded in
GaN nanowires exhibit photoluminescence in the range of 2.9-3.35 eV, where the most intense
emission line at 3.17-3.23 eV is tentatively attributed to monolayer-thick InN insert based on
comparative spectral analysis. These findings can be promising for the development of single-
photon sources and Wigner quantum dots operating from cryogenic to elevated temperatures.
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AnHoTtanus. [IpencraBieHsl pe3yabTaTsl MO POCTY U (HOTOTIOMUHECIIEHTHBIM CBOWCTBAM
InN BctaBok B GaN HUTEBUIHBIX HAHOKpPUCTAUIAX. YCTAaHOBJIEHO, YTO Takue InN BcTaBKU
JEMOHCTPHUPYIOT (OTOMOMHHECIICHITMIO B nuama3oHe 2.9-3.35 5B, mpu 3ToM Hambosee
MHTEHCUBHAs JIMHUSA n3ayuyeHus npu 3.17-3.23 3B cBs3pIBaeTCs ¢ U3IIyUYEHUEM OT MOHOCIONHBIX
InN BcTaBOK Ha OCHOBaHHMM CPABHUTENIBHOTO CIIEKTPAIIBHOTO aHayn3a. [loydyeHHbIe pe3yabTaThl
MOTYT TMPECTABIATH HHTEPEC JIJIS CO3AAHMSI ICTOYHUKOB OJJMHOYHBIX (DOTOHOB U BUTHEPOBCKHX
KBAaHTOBBIX TOYEK, CIOCOOHBIX paboTaTh B JAHMANa30HE OT TEIHEeBBIX 1O 0ojee BBICOKHX
TEMIEPATYP.
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Introduction

ITI-N wurtzite materials (AIN, GaN, InN) attract wide attention for fabrication novel two-
dimensional optoelectronic structures. Of particular interest is the ultra-thin InN inserts (1 ML
thick) embedded in GaN matrices. These structures exhibit photoluminescence at 3.2 eV which is
substantially higher than the InN bulk band gap #. Theoretical studies predict that thin InN/GaN
heterostructures can host topological insulator states #, potentially enabling new opto-topological
electronic applications. Furthermore, combined with the strong piezoelectric fields of III-N
wurtzite materials, these structures may exhibit Wigner crystallization when InN is confined as
quantum dot (QD) within GaN matric #.

However, a growth of high-quality InN-based heterostructures remains challenging due to
the relatively low growth temperature and the high lattice-mismatch between InN and other I1I-N
materials (GaN, AIN) #. To overcome these limitations, we investigate the InN/GaN
heterostructures through the nanowire (NW) growth. Due to a very efficient relaxation of elastic
stress on strain-free sidewalls, NW heterostructures can be grown in lattice-mismatched system
without structural defects or with largely reduced dislocation density compared to epi-layers #.

In this work, the growth details and photoluminescence properties of ultra-thin InN inserts
embedded in GaN NWs are presented. We demonstrate that the InN inserts within GaN nanowires
exhibit photoluminescence in the 2.9-3.35 eV with the most intense line at 3.17-3.23 eV which
assigns to monolayer-thick InN inserts based on comparative spectral analysis.

Materials and Methods

Growth experiments were carried out on one-side polished n-type Si substrates with
resistivity of 0.002-0.004 Ohm*cm in a Riber Compact 12 MBE system. The surface orientation
of the substrate was (111) with a 4° miscut toward the [110] direction. The MBE chamber equipped
with Addon RF-N 600 plasma source and Knudsen cells of Ga and In. Prior to loading into the
growth chamber, the substrate was etched in a 47.5% hydrofluoric acid solution for 40 seconds,
followed by a 60 second washing in deionized water. After that, the substrate was thermally
cleaned in the MBE growth chamber at 855 °C for 20 min. Then, the substrate temperature was
decreased to 620 °C. Next, the nitrogen plasma was ignited at a source power of 350 W with
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nitrogen flow of 4.4- 10°° Torr, and the substrate was nitridated for 20 min to form SixNy thin layer.
At the next stage, Al was deposited onto the formed layer for 6 seconds in the absence of nitrogen
plasma, nominally corresponding to ~2 ML coverage. After that, the substrate temperature was
increased to 805 °C, the nitrogen plasma was ignited at the same parameters, and the Ga source
was opened to grow of GaN NWs. This procedure allowed one to achieve the N-polar GaN NWs.
The beam equivalent pressure of Ga corresponded to 1.5:107 Torr. After a 18h of growth, the Ga
source was closed, and the substrate temperature was decreased to 425 °C. The In source was
opened with beam equivalent pressure of 1:10”7 Torr for 25.9 sec to grow a thin InN insertion.
Following the formation of the InN insertion, a 20 nm GaN cupping layer was grown at the same
substrate temperature. The beam equivalent pressure of Ga in this case corresponded to 1 107
Torr. It should be noted that the substrate temperature was measured using an Optris CT Laser
3MHI1 pyrometer calibrated on the 7x7 to 1x1 surface reconstruction of the Si(111) substrate.

Morphological properties were studied using a Carl Zeiss Supra 25 scanning electron
microscopy (SEM) system. Micro-PL measurements were carried out using a setup based on
Horiba LabRAM HREvo UV-VIS-NIR-Open spectrometer. The spectra were excited by the 325
nm (3.81 eV) line of a He-Cd laser (Kimmon Koha IK57511-G). To control the sample
temperature, it was mounted in a Linkam THMS600 closed-cycle He cryostat (CRYO Industries
of America). A long-working-distance objective (Mitutoyo Plan UV 80x%, NA = 0.55) was used to
focus the laser beam and collect the PL signal from the sample area of ~0.5 um in diameter. To
prevent damage and heating effects on the nanostructures, the incident laser power was limited to
60 uW. The spectra were measured using excitation power density ~0.5 W/cm? and spectral
resolution 2-10 meV.

Results and Discussion

The NWs were synthesized through a self-induced mechanism, where NW nucleation occurs
due to the lattice mismatch between the epitaxially growing material and the substrate. Figure 1a
demonstrates a representative SEM image of the grown InN/GaN NW array. The NW density is
only ~10% cm™, which is unusually small for III-N NW growth, and was achieved by exploiting
the high substrate growth temperature, where the Ga desorption from the Si surface becomes
significant [37]. The NWs have hexagonal shape with a mean lateral sizes D ~ 40 nm and lengths
ranging from 100 to 500 nm.
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Fig. 1. (a) Representative SEM image of grown InN/GaN nanowires. (b) Integrated PL spectra
measured in a 30 x 30 um region on a squire grid having a step 1 pm at 5K. The inclusions show
PL intensity maps for the ranges 3.34-3.30 eV, 3.23-3.17 eV and 3.15-2.90 eV.

Figure 1b presents integrated PL spectra measured in a region of 30 x 30 um region on a
squire grid with a step of 1 pm at 5K. The inclusions show PL intensity maps for the ranges 3.34-
3.30eV,3.23-3.17 ¢V and 3.15-2.90 eV. We attribute most intense PL (in the range 3.23-3.17 eV)
to 1 ML thick InN inserts embedded in GaN nanowires which is in good agreement with previously
published data showing the emission from a 1 ML InN quantum well embedded in a GaN layer at



~3.2 eV #. Other PL bands may originate from thicker inserts, which will be discussed in detail in
subsequent works.

Conclusion
In summary, our study reveals that InN inserts embedded in GaN nanowires demonstrate
distinct photoluminescence at 2.9-3.35 eV and a dominant peak at 3.17-3.23 eV. We attribute the
latter dominant peak to monolayer-thick InN inserts based on comparative spectral analysis.
Notably, these quantum-confined systems can be promising for single-photon emitters and Wigner
quantum dots with operational capabilities ranging from helium temperatures to elevated
temperature regimes.
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