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Studies on transport phenomena and
electrical control of spin-orbit interaction of semiconductor nanostructures
BIKXI °m#ETF
Tokyo Univ. of Agriculture and Tech.

E-mail: takase@go.tuat.ac.jp
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(1) K. Takase et al., Sci. Rep. 7,930 (2017)., @& 1, xR - JSHER 87, 678 (2018).
(2) K. Takase et al., Appl. Phys. Express 12, 117002 (2019). (Open access)

(3) K. Takase et al., Appl. Phys. Lett. 119 013102 (2021). (Editor’s Pick)

(4) EWEE T etal., : & EZE 64, 118, (2021), HALMERIEH DETEE, 21, 30, (2021).

© 20255 [CHMEES 11-316 13.6



17p-K302-2

FRHRERFINVFPOEBEFERICET S EHEENBEOEE
Impact of momentum relaxation processes on electron transport in Semiconductor Superlattices
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'RHF F#EE. RN OE FN —E
IS + INQIE, Univ. of Tokyo, 2IN2MP, Aix-Marseille Univ.
°'Nagi Maeda, 'Xiangyu Zhu, *Marc Bescond, 'Naomi Nagai, 'Kazuyuki Kuroyama, 'Kazuhiko

Hirakawa
E-mail: nagi@jiis.u-tokyo.ac.jp
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Chiral terahertz photocurrent in quantum point contact/quantum dot-split ring
resonator coupled systems in the quantum Hall regime
O)#FE R fx® # FHEL R RS, T —E!
the Univ. of Tokyo?!
E-mail: jhuang@iis.u-tokyo.ac.jp

Electrical detection of strong coherent light-matter interaction using a quantum point contact (QPC) has
been realized recently, which provides new ways for realizing ultrastrong coupling (USC) [1] and
investigating quantum transport under the influence of cavity field [2]. However, the physical processes
underlying this electrical detection method have not been fully understood, especially the origin of terahertz
(THz) photocurrent in the USC regime [3]. Here we investigate THz-induced photocurrent in a coupled
QPC-split ring resonator (SRR) system fabricated on a GaAs heterostructure wafer with a two-dimensional
electron gas (2DEG) and report the dependence of the photocurrent on the polarities of a source-drain bias
applied to the QPC and a magnetic field, as shown in Fig. 1. The photocurrent spectra in the middle and
right panels of Fig. 1 show an anti-crossing between the cyclotron resonance of 2DEG and the resonance
mode of the SRR. We show that the polarity of the THz photocurrent near the anti-crossing region depends
only on the direction of the perpendicular magnetic field, indicating its chiral nature. Such a chiral
photo-response does not result from electron heating or rectification, and it is successfully explained by
nonequilibrium edge channel transport via light-matter interaction, through which the generation of Landau

polaritons changes the electrochemical potential of the edge channels.
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Fig.1 Schematic of QPC-SRR coupled system and colormap of THz-induced photocurrent at

different magnetic fields and THz frequencies.

References:

[1] Kuroyama, K., et al. Physical Review Letters 132.6 (2024): 066901.

[2] Paravicini-Bagliani, Gian L., et al. Nature Physics 15.2 (2019): 186-190.
[3] Kuroyama, K., et al. Nano Letters 23.24 (2023): 11402-11408.
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Electron temperatures in double well quantum cascade cooling structures (IV)

RAEH-LIMMS'(IM2NP THR -2 )LEALKRE 2, Ta— )L/ ILIILA—RI)7?

OKkMF " HVY-ITTyvt 2 ¥—9 ROV "2 NRA—F-DxF)LR S RATHE . EII—E'
[IS/LIMMS, Univ. of Tokyo ', IM2NP-CNRS, AMU?, Ecole Normale Superieure?
©Xiangyu Zhu', Gueric Etesse?, Marc Bescond'2, Gerald Bastard®, Naomi Nagai', Kazuhiko

Hirakawa'
E-mail: zxy@iis.u-tokyo.ac.jp

Managing rapid increase in thermal power densities associated with device miniaturization is a major
technological challenge. Development of new efficient cooling technologies is therefore urgently
required for future progress in electronics. Solid-state cooling devices can be one answer, owing to their
high efficiency and compatibility for integration. To achieve efficient cooling, we have been working
on semiconductor double barrier heterostructures to utilize sequential thermionic cooling effect [1,2].

In this work, we have studied a double quantum well (QW) structure as a model system for the
quantum cascade cooling (QCC) structure. The structure consists of two 5 nm-thick AlyGa;<As QWs
with different Al compositions (x = 0.1 for QW1 and x = 0.2 for QW2) sandwiched by Al 35Gag.esAs or
Alp7Gag3As barriers (see Fig. 1(a)). As an electron cascades through the double QW structure, it can
absorb multiple phonons, which can improve the cooling efficiency, when compared with a single QW
structure. The tall Alo7Gao3As barriers are designed to block above-barrier thermal current from QW1
and the emitter, making the sequential cascading transport dominant.

The QCC structure we investigate is shown in Fig. 1(a). PL spectra from bulk n-GaAs, QW1, and
QW2 were analyzed and electron temperatures (7¢’s) in the respective layers were determined as a

function of V' (Fig. 1(b) and 1(c)) [3].

We observe electron cooling effect in - ————T——
both QWs with anti-correlated oscillatory g 300 /& Qw1 ]
behavior, showing characteristic features (@) b 5
at V'=~0.2 V/~0.4 V/~0.6 V. From the 8 2or 3
band structure expected from Fig. 1(a), A% .§ | (3%)0K ‘
we have found that the correlated il * w 2L S ]
oscillation in 7. between in QW1 and R 20 % (c)] L
QW2 is qualitatively explained by LO A 18 § e :/\ M
phonon-assisted  transition  process “Coecior| & 140 | \/\ A
between quantized states E1 (QW1) & E2 I ]
(QW2). The anti-corelated oscillatory | , B8, som o teop BOK
feature in QW2 is weak at 300K (see Fig. wmee e oo 08 02 i (V>°‘8 1o
1(6)),  but becomes ~much more Fig. 1 (a) Band diagram of the QCC structure,
pronounced at lower temperatures (see (b) Electron temperatures in QW1 and QW2 of QCC at 300K,
Fig. 1(c)). Significant sequential | (¢) Electron temperatures in QW1 and QW2 of QCC at 150K.

transition and electron cooling effect are
observed at 150K, which is well explained by NEGF calculations. More details will be discussed in
the presentation.

References

[1] A. Yangui, M. Bescond, T. Yan, N. Nagai, K. Hirakawa, Nature Commun. 10, 4504 (2019).
[2] X. Zhu, M. Bescond, G. Bastard, K. Hirakawa, et al., Phys. Rev. Appl. 16, 064017 (2021).
[3] X. Zhu, C. Salhani, G. Etesse, K. Hirakawa, et al., Phys. Rev. Appl. 22, 034012 (2024).
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Pump-Probe Signal Mapping of a Quantum Dot Ensemble under Cryogenic Conditions

Using Dual-Comb Asynchronous Optical Sampling
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© 2025%F ISRYEE S 11-321 13.6



17p-K302-6 B2ESAYRELESLIMRE WETFHE (2025 REEHAS BEFv>/SR&FVS(Y)

Spectral-Dependent Performance of Colloidal PbS Quantum Dot
Epitaxially-Connected Superlattice Photodetectors

Dadan Suhendar!, Ricky Dwi Septianto®!, Satria Zulkarnaen Bisri'*?
Tokyo Univ. Agri. & Tech!, RIKEN CEMS?
E-mail: satria-bisri@go.tuat.ac.jp

Colloidal quantum dots (CQDs) present a breakthrough to overcome the limitations of conventional
photodetector materials. This class of materials can absorb broad spectra of photon energies and minimize
energy losses associated with phonon generation during charge relaxation. CQDs feature tunable band gaps,
enabling precise control over light absorption across various wavelengths. Additionally, they exhibit a
phenomenon known as multiple exciton generation (MEG), allowing high-energy photons to produce
multiple charge carriers', thereby significantly enhancing quantum efficiency compared to traditional
materials. However, the relatively modest charge carrier mobility and poor air stability of CQDs pose
substantial challenges to developing high-performing photodetector devices. Recently, our group found that
epitaxially connected QD superlattices demonstrated high electron mobility values, suggesting the potential
for delocalized band transport in electronic minibands?. Nevertheless, the existence of charge multiplication
and the capability to detect a broad spectrum of photon energies from this high carrier mobility and the
potential of delocalized transport remains uncertain, as the quantum confinement effect may be
compromised.

Here, we present the tunable responsivity of
epitaxially-connected quantum dots superlattice (QDSL) T
photodetector under irradiation of various wavelengths and PVDF-based block copolymer
demonstrate air-stable operation. To fabricate photodetectors =
consisting of a single monolayer of QD superlattice, we
employed the Langmuir—Schaefer assembly technique in
combination with precise QD facet control, similar to our
previous reports>3. In order to enable performance
measurement under atmosphere exposure, the photodetector
devices were passivated using a PVDF-based block
copolymer* (Figure 1a). The use of this hydrophobic block
copolymer prevented device degradation upon oxygen and
moisture. The spectral response of the photodetector
performance was measured using a pulsed supercontinuum
laser with wavelengths selected through monochromator
arrangements. Exposure to shorter wavelengths, which
possess higher photon energy, yields larger responsivity
values. These values are even higher than the device's
responsivity when subjected to irradiation closer to the QD
excitonic peak. This increased responsivity at shorter
wavelengths can be attributed to the more significant number
of photocarrier generation. Detailed measurement in this
direction may unravel the possibility of observing MEG
phenomena from the epitaxially-connected QD superlattices. T
These results provide a novel pathway for developing high- -5 0 5 10
performance and stable QD-based photodetector devices for Voltage (V)
hyperspectral detection.
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Figure 1. a) Schematic of photodetector
device utilizing monolayer of epitaxially-

Reference: )

1. C.Smith and D. Binks, Nanomaterials, 4, 19-45 (2014) connected quantum dot superlattice, and b)

2. R. D. Septianto, S. Z. Bisri, et al. Nat Commun. 14, 2670 the photo.detegtor. responsivity in  the
(2023) different illumination wavelengths. The

absorption peak of the PbS QD is Aawps =

3. The 85th JSAP Autumn Meeting, 2024 [16p-C301-7] 1600 nm

4. A. G. Shulga, S. Z. Bisri, et al. Adv. Electron. Mater. 2,
1500467 (2016)
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Fabrication of vertically aligned Si nanowires and nanotubes
structures by top-down methods

MA Bowen'?, Wipakorn Jevasuwan', Naoki Fukata'-?

Research Center for Materials Nanoarchitectonics, National Institute for Materials Science, Tsukuba,

Ibaraki, Japan

2Subprogram in Pure and Applied Science, University of Tsukuba, Tsukuba, Ibaraki, Japan

Introduction
One-dimensional nanostructures such as
nanowires (NWs), nanotubes (NTs) and
nanoneedles (NNs) are extensively applied in
biomedicine, including biosensors, drug
delivery, and implantable medical devices!!.
Silicon (Si) NWs, NTs and NNs, favored for
their excellent biocompatibility and chemical
stability™®], face limitations due to inadequate
mechanical strength, which can lead to bending
or breaking during fabrication and use. To
address this, we have begun to fabricate Si NW
and NT arrays using electron beam lithography.
Ultimately, the goal is to ensure biocompatibility
and strength by converting the Si surface to
silicon carbide (SiC). These nanostructures are
poised to surmount the mechanical weaknesses
of Si nanostructures, offering superior solutions
for biomedicine as shown in Fig. 1.
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Fig. 1 Si and SiC NWs and NTs, integrating the
exploration of SiC nanostructures.

Results

Si NW and NT arrays have successfully
fabricated using electron beam lithography as
shown in Figs. 2 and 3. The Si NW arrays exhibit
high resolution, excellent aspect ratio, and good

pattern uniformity and fidelity. However, there is

still room for improvement in the preparation of
Si NTs. Consequently, an alternative fabrication
method following the manufacture of Si NWs!*!
will be performed using an aluminum oxide
(AL20s5) spacer to form Si NT arrays, where the
wall thickness can be controlled by adjusting the
thickness of the Al:Os spacer. Additional
experimental results and characterizations will be

presented on-site at the conference.
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Fig. 3 Fabrication of Si NT array with fixed
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diameters (dser) of 50-250nm, and pitch of 20
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