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<111>A-oriented InP nanowire array grown by self-catalyzed vapor-
liquid-solid mode towards stacking-fault-free nanowires

Guogiang Zhang*!'2, Kouta Tateno'2, Hiroki Hibino®, and Hideki Gotoh*, Haruki Sanada'
INTT Basic Research Laboratories, “NTT Nanophotonics Center, NTT Corporation
3School of Engineering, Kansei Gakuin Univ., *Research Institute for Nanodevices, Hiroshima Univ.

*E-mail: guogiang.zhang@ntt.com

II-V compound semiconductor nanowires have been considered as next-generation building
blocks for sensors, detectors, and opto-electronic devices.!? An intrinsic property of III-V compound
semiconductors is polar feature, which originates from the different electron affinity of IIl and V-
group elements. In zinc-blend crystal structure, an (111) surface is preferentially terminated by either
group III or V atoms, usually named (111)A and (111)B, respectively. Mostly, III-V compound
semiconductor nanowires are grown along <111>B direction because (111)B has the lowest surface
energy. Stacking faults have been found to exist for III-V nanowires grown along <111>B
direction.>* In contrast, fewer stacking faults exist in III-V nanowires grown along <I11>A
direction.>” However, it remains challenging to grow <111>A-oriented InP nanowires with yield up
to 100% by widely utilized particle-catalyzed vapor-liquid-solid (VLS) approach.>> Here we report
site-controlled growth of <111>A-oriented InP nanowire array with 100% yield by self-catalyzed
VLS mode. The <l111>A-oriented nanowires contain few stacking faults compared with the
nanowires grown under an exact same growth condition.

Fig. 1. SEM images (tilt: 38°) of InP nanowires with <111>A and
<111>B orientations grown on InP (111)A (a) and (111)B (b)
substrates, respectively. The insets are HAADF-STEM images of
single nanowires. Regions shown in red rectangles are further
analysed by Cs-TEM and shown in (c) and (d).

(c) and (d) HAADF-STEM images of <111>A and <111>B-oriented
nanowires shown in (a) and (b), respectively. The inset images
directly reveal different polarities, <111>A (c) and <111>B (d). The
red and yellow dots represent indium and phosphorus atoms,
respectively. Green arrows in (d) indicate stacking faults. In contrast,
there are no stacking faults in (c) for the <111>A-oriented nanowire.

We grew III-V nanowires in an MOVPE system via self-catalyzed VLS mode.®° To control the
polar orientation, we used InP (111)A and (111)B substrates. site-controlled indium particles were
formed at 500 °C via a self-aggregation process by using substrates selectively covered by SiNy
film.'” These indium particles were then used to grow site-controlled InP nanowires at 350 °C.
Typically, site-controlled InP nanowires were vertically grown on both (111)A and (111)B
substrates (Figs. la, 1b). The polarity can be straightforwardly determined by Cs-STEM
measurement (Figs. lc, 1d). The Cs-STEM images directly reveal <111>A and <111>B polarities
for nanowires grown on InP (111)A and (111)B substrates. Characterization of stacking fault defect
indicates there are a few stacking faults for <111>B-oriented nanowires (Fig. 1d) (density: > 500
um™). In contrast, few stacking faults are found in <111>A-oriented nanowires (Fig. 1¢) (density:
13.6 um™). Furthermore, we find that all stacking faults in <l11>A-oriented nanowires are
accompanied with sub-microscale {111} facets on nanowire side wall. The formation of these facet-
accompanied stacking faults may be driven by alternatively changed (111)A and (111)B nanofacets
on nanowire side.*

In summary, we demonstrate site-controlled growth of <111>A-oriented InP nanowire array
with 100% yield by self-catalyzed VLS mode and reveal that there are few stacking faults in these
nanowires. This work opens up new opportunities for stacking-fault-free nanowires and high-
efficiency nanowire-based functional devices.

This work was supported by JSPS KAKENHI (21H01834, 23H01792) .

Refs: ' Samuelson, Materials Today 6 (10), 22-31 (2003). 2 Barrigon, et al., Chemical Reviews 119 (15), 9170-9220
(2019). 3 Hiruma, et al., Applied Physics Letters 59 (4), 431-433 (1991). 4 Johansson, et al., Nat. Mater. 5, 574 (2006).
5 Mattila, et al., Nanotechnology 18 (15), 155301 (2007).° Yuan, et al., Advanced Materials 27 (40), 6096-6103
(2015). 7 Zamani, et al., Nanoscale 10 (36), 17080-17091 (2018). & Zhang, et al., Science Adv. 5 eaat8896 (2019). °
Zhang, et al., Jpn. J. Appl. Phys. 59 105003 (2020). '° Zhang, et al., ACS Nano 9 (11), 10580-10589 (2015).
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VLS growth of GaAs/GalnNAs/GaAs core-multishell nanowires with
telecommunication band emission wavelengths by MBE method on patterned substrates
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Figure 1. (a) HAADF-STEM images of the GaAs/GalnNAs/GaAs core-multishell nanowires nominally
containing 20% In and 2% N in the GaInNAs shell. (b) EDS scan profile for the elemental intensities of
Ga, In, N, and As across the GaAs/GalnNAs triple quantum wells along the arrow indicated in (a).
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Effect of nitride passivation and annealing on the optical characteristics of
GaAs nanowires
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Figurel. PL measurement results of GaAs nanowires (a)before and (b)after annealing.

2 3CHR  [1] Austin Irish et al 2022 Nano Ex. 3 045008.
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4inch GaAs ERLIZETHEE— InAs BEF Fy FORE
Growth of highly uniform InAs quantum dots on 4-inch GaAs substrate
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Fig.1. QD peak wavelength as a function of wafer position. (a)

Before and (b) after optimizing heater condition. Fig.2. PL spectra of 3inch and 4inch QD wafer.
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Development of Classification Model of RHEED Patterns Using Transfer Learning
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Fig. 1 Schematic diagram of a model trained on data from another Fig. 2 Accuracy obtained from each
MBE chamber, further trained with a small amount of additional classification model

training data.
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Co-doping Fi&IZ &k % InAs/GaAs BF Fv FDER PL HitnmA L
Enhancement of high temperature photoluminescence characteristics of InAs/GaAs
quantum dot by co-doping technique
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Growth of dilute nitride semiconductor quantum dots and their optical properties
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Fig. 1 Schematic illustration of Fig. 2 PL spectra of Ing4GaosAs QD and
Ino.4Gao.sAs1-xNx QD sample. Ino.4Gao.sAs0.984No.016 QD samples measured at 300 K.
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Fig. 1 Schematic of sample Fig. 2 Room temperature time-dependent PL and CPD of InGaAs QD
structure in this work embedded with (a) GaAs and (b) Alp.1Gag.eAs barrier.
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