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Abstract. In this work we study the optical properties of InAs quantum dots grown on
the GaAs(001) nanostructured surfaces at sub-critical thickness of deposition. For substrate
nanostructuring we used technique based on two-stage thermal desorption of native GaAs
oxide under molecular arsenic flux. The results of experimental studies showed the possibility
of quantum dots formation on structured surfaces at equivalent deposition thicknesses in the
range of 0.5—1.5 ML. In this case, quantum dots are formed predominantly in nanoholes on
the surface and are high inhomogeneous in size. At the same time measurements by photolu-
minescence spectroscopy showed broad (900—1100 nm) emission spectrum for quantum dot
only for sample with 1.5 ML of InAs. We hypothesize that at smaller thicknesses, the formed
quantum dots become smaller than the minimum acceptable sizes due to segregation effects
during overgrowth. The use of a structured surface also makes it possible to suppress the wetting
layer formation — in the photoluminescence spectra there are only lines of platelets, apparently
formed on morphological inhomogeneities outside the holes.
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Annoranusg. B maHHOI paboTe TPOBEICHBI MCCIECIOBAaHUS ONTUYECKUX CBOMCTB
KBAHTOBBIX TOYeK InAs, MOJIYYEeHHBIX IyTeM OCaXICHUS MOKPUTUYECKUX TOJIIMH Ha
HAHOCTPYKTYpUpPOBaHHYIO MoBepxHOCTh GaAs(001). [nsi HAaHOCTPYKTYPUPOBAHUS MOIJIOKKHU
ObUla UCMOJb30BaHA METOIMKA, OCHOBaHHAsl Ha [OBYXCTaAUMMHON TepMmoaecopOLuu
cooctBeHHoro okcuma GaAs B NOTOKE MOJEKYJSPHOTO  MbIlIbgKa. Pe3yabraThl
SKCITEpUMEHTAJIBHBIX HMCCICIOBAHUI TTOKAa3aJdd BO3MOXHOCTh (POPMHUPOBAHMS KBAHTOBBIX
TOYEK Ha CTPYKTYPUPOBAHHBIX MOBEPXHOCTSIX IPW SKBUBAJICHTHBIX TOJIIMHAX OCAXICHUS B
nuanasone 0,5—1,5 MC. B stom ciaydae KBaHTOBBIE TOUYKHM (DOPMUPYIOTCS MPEUMYILECTBEHHO
B C(OPMHUPOBAHHBIX Ha MOBEPXHOCTU YIJIYOJEHUSIX U MMEIOT BBICOKYID HEOJHOPOIHOCTH
pa3MmepoB. M3mepeHuss MeToaoM (HOTOJIOMUHECLHEHTHON CHEKTPOCKOMUM TMOKa3aJIu HaIu4ue
KBAHTOBBIX TOYEK, M3JIydalOlIMX B IIMUPOKOM AuarazoHe AauH BoJH (900—1100 HM), TOABKO
IJIg oOpaslia ¢ SKBUBAJICHTHOU ToamnHo#i ocaxneHnus 1,5 MC InAs. MulI TipenmosaraemM, 4To
IIPY MEHBIIIMX TOJIINHAX 00pa3yoIInecs KBAHTOBBIC TOUYKN CTAHOBSITCSI MEHbBIIIE MUHUMAIBLHO
JIOIYCTUMBIX pa3MepoB, B T.4. M3-3a 3((HEKTOB cerperaluy Mpu 3apaiiuBaHuu. PesynbTaThbl
MCCAEA0BaHMSI TakKXKe IOKasajiud, 4TO MCMOJb30BaHUE CTPYKTYPUPOBAHHOU ITOBEPXHOCTU
MO3BOJISIET MOJABUTh 00pa30BaHWE CMAaYMBAIOLIETO CJI0 — B CIIeKTpaxX (hOTOTIOMUHECIEHIIUN
TIPUCYTCTBYIOT TOJBKO MWK, OTBEUAIOIINI M3JIYICHHIO JIOKAJBHBIX IBYMEPHBIX CTPYKTYp, IO-
BUIMMOMY, 00pa30BaBIIMXCSI HA MOPGHOIOTUUECKNX HEOTHOPOJHOCTSIX BHE OTBEPCTUA.
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Introduction

The production of low-density quantum dots (QD) is becoming increasingly popular since they
underlie the sources of single and entangled photons that act as the elemental basis for quantum
communications and computing [1, 2]. One of the directions for obtaining low density quantum
dots is the use of preliminary structuring of the growth surface with subsequent deposition of
the quantum dot material [3—5]. In this case, the nanoholes formed on the surface subsequently
act as nucleation centers for self-organizing nanostructures [6—S8]. Today, surface structuring
methods have a number of limitations that affect the optical qualities of subsequently formed
quantum structures, mainly due to contamination of the growth surface. Therefore, the search
for alternative methods of surface nanostructuring and growth technique for subsequent localized
formation of quantum dots remains relevant. One of the candidate for this role can be controlled
decomposition of the substrate surface at the stage of thermal removal of GaAs native oxide [3].

In this work we experimentally demonstrate the possibility of obtaining relatively low-density
self-organizing InAs/GaAs quantum dots obtained on the GaAs(001) nanostructured surfaces at
sub-critical thickness of deposition with an emission range of up to 1100 nm.

Materials and Methods

For experimental studies, we used GaAs(001) substrates with a pre-grown GaAs/AlGaAs
structure, on the surface of which native oxide film was then formed in air. To form nano-
sized holes, we used the original technique based on two-stage thermal desorption of native
GaAs oxide under molecular arsenic flux. As a result, an array of inhomogeneous symmetrical
holes was formed on the surface. The average values of the diameter and depth of which were
60 and 4 nm, respectively. Control of oxide removal was carried out in-situ using an integrated

© Kupuuenko [1.B., Maxos U.C., banakupe C.B., Kpsrkanosckass H.B., ConomosHuk M.C., 2024. U3narens: CaHKT-
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RHEED system. At the next stage, an InAs layer with an equivalent thickness in the range of
0.5—1.5 ML was deposited. To study the optical properties, a GaAs/AlGaAs heterostructure
was grown on top of the structures prepared in this way. In addition, we repeated the same
heterostructure, where the active region was a 1.5 ML InAs wetting layer on an atomically
flat surface without nanostructuring which we used as a reference sample. Uncapped structures
were analyzed using scanning electron (SEM) and atomic force (AFM) microscopy. The optical
properties were analyzed using photoluminescence spectroscopy (PL).

Results and Discussion

SEM-analysis (Fig. 1, a, b, ¢) of the surface of the uncapped samples showed that for all
samples deposited material accumulates in the nano-sized holes formed at the nanopatterning
stage, thereby forming an array of inhomogeneous QDs. In this case, decreasing the amount of
InAs from 1.5 ML to 1.0 ML leads to a pronounced decrease in their size. And it was found that
the structures do not assemble into obvious 3D objects after deposition of 0.5 ML. However,
according to AFM data (Fig. 1, d), a decrease in the hole depth was observed, which indicates
their filling with deposited material and the localization of nanostructures within them. However,
relevant assessment of the size of such structures is difficult using AFM or SEM.

a) b)

9)

Fig. 1. SEM images of the nanostructured GaAs surface after deposition of (a) 1.5 ML, (b) 1.0 ML
and (c¢) 0.5 ML InAs; (d) AFM images of the surface of (c)

PL spectra for samples with different equivalent layer thicknesses InAs are shown in Figure 2, a.
The signal from the QDs (broad band in the range of 870—1100 nm) is only present on the
1.5 ML InAs sample. In addition, there is no peak of the wetting layer in the spectrum, which
indicates the suppression of its formation during deposition on a structured surface. On samples
with smaller thicknesses (1.0 and 0.5 ML), the PL spectra do not have any features characteristic
of QD. This may be due to the fact that during the overgrowth process, part of the QD material
segregates, which leads to a decrease in their effective size below the limit at which an electronic
level exists in a quantum-sized system.
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Fig. 2. PL spectra for the samples with different equivalent thickness of InAs deposition (a) and for
the sample with 1.5 ML InAs deposition at different excitation powers (b)

Figure 2, b shows the photoluminescence spectra at different excitation powers for a sample
with 1.5 ML of InAs. Analysis of the PL spectra of this sample shows that with increasing
excitation power, in addition to the QD peaks (900—1100 nm), a low-intensity short-wavelength
shoulder (850—900 nm) appears in the spectrum. The same type of structures is responsible
for the formation of the long-wavelength shoulder in the spectrum of the reference sample
in the Figure 2, a. We associate this feature with the emission of so-called platelets — two-
dimensional structures formed on morphological inhomogeneities in the spaces between the
hole with QDs.

Conclusion

Thus, studies have been carried out on the formation and optical properties of subcritical
InAs/GaAs quantum dots on structured substrates. The possibility of obtaining subcritical QDs
of low density, emitting in the range of 900—1100 nm, has been demonstrated. The emission
wavelength of the obtained QDs is significantly longer compared to alternative methods for forming
near-critical QDs (about 950 nm). The results obtained can be used to develop a technological
process for the formation of low-density InAs QDs in the O- and, in the future, C-bands without
a wetting layer.
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