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[1] Q. Faure et. al., Nature Physics, 14, 716-722 (2018)
[2] Z. He et. al., Chem. Mater., 17, 2785-3058 (2005)
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[1] S. Kuwahara, et al., ACS Appl. Nano Mater., 3, 5172-5177 (2020). Figure 2. TEM image of AUNTS

[2] R. Yamada, et al., RSC Adv., 13, 32143-32149 (2023). encapsulated in a W/O droplet.
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Preparation of shape-anisotropic Ni-ferrite nanoparticles
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[1]Aleksey A. Nikitin, et al., ACS Applied Nano Materials, 6, 15 (2023)
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Fabrication of spherical silicon nanocrystals by cryomilling

followed by laser melting in liquid and Mie resonance 1I
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YAG L —#— (532 nm, 10 Hz)% 2 B[ L7, BEAREOEIZL Y Si NC O A X55HE% 35 2
Ipole, WILE IR & BEBEICE X 7o o a BRI S EE 2 1EY . B BRI Si NC 200 % Tl
RUER % 2 L 72 [1, 4], TS5 7 SINC Z B L, PEifr L7212 THHGEL AT ML ZHlE L7z,
[FER L EL] Fig.l 2, RO SiNC IZxHT %K 532nm & L —H —MB& T COMK OF RIER A
9, 0.lum BL EORIFETIR, REWEEE@T 20ICmn 71T
VABNMEEIRZ LN bnD Fig.2 (1, 7T A % 100 125 3200 md
Pulse® cm? O] TEL S H 756 O &8 OFEEL Y — 7 i 2 7R
o WELAAZ P VidE S 2 BERETE IR & W NC 28BS T
L2 EHERLTNWE, L= —RBFZR L, 71z AR
IZONTERTORBOIEEEELIREAHEM L, SINC DENHZ D Z &

1000}
500

100%
S0F

Fluence (mJ Pulse”! cm?)

001 02 03 04 05
ZRL TS, LovL, 100 md Pulse em?Cid, ARMSH LY bk Diameter (m)

. . . L ... Fig.1Phase diagram calculated for a
SLEREEAMEV N, ZAVE Y 3 BRREE MRV IMRLF MR R S THE 5 NC under 532nm laser irradiation.

10

Thbh, BONTNLT U ATET 7 L—2a AL Si NC 2K (3WMBMW$@%
AIE S AV BE S DRI EAM N9~ 5 23, 100 mJ Pulse cm2 T

X7 7 L= 3 AR UTER LIRS L COHLRIE L
SEESNTIREET A LA RL TS EBEZXTWD, 5%IEN
it L7= Si NC DI &R OfRNT 2D 5 TETH B,

[1] H. Sugimoto et al., Adv. Opt. Mater. 5, 1700332 (2017).

Before irradiation’ b—1000 ‘
t —@—100 mJ Pulse™ cm? —#8—3200
—A—400

40

20+

Scattering Intensity (%)

[2] A. Pyatenko et al., Laser Photonics Rev. 7, 596 (2013). 20 30 40 30 60
e ot A e e ot et i A Concentration (wt.%)

[BI/IMRfL, 58 71 [N PR AR AT 2 24p-P05-8 Fig.2 Scattering intensity of Si NCs in

[4] L. Logunov et al., Nanomaterials 13, 965 (2023). each layer under different laser fluence.
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SiC M SiO, BENDBESEELBFEAMMIC KSR DOHE

Correlation between Oxygen Content and Visible Luminescence from
Oxygen Impurities in SiC-added SiOx Thin Films
BAXETL, OB HWX, BR M

Meiji Univ., °Sota Iwasaki, Takamasa Nakamura, Hiroshi Katsumata
E-mail: ce231009@meiji.ac.jp

[1zCiz])

SiC | XAEEER A ER TH LoD/ RREIEB OFCIRE DG5S kL7 SiC &Ry
(quantum dot: QD)% &P A XEh el L0 vl RN KAk CORIIERNHIFF CX DT ENLIET N
AASDIEAPERFENTOD[1], ZHFE T, B4 1L SiC NN SiOy 1 F(SIC-SiOx) D ZLEE IR JE | ik
EELS R — 7 OHIE E R DB K& X > TE72), BIRO AR e — 7 RN FELZ
[2], AAFFETIE, Granlie 5235 —FERGH 2 VT SiC-QD H O e A i) (Oxygen impurities :0;)72)3
SRV AR T TRIL-Z8128 B L[3]. A7y ZU L 7 Bl D RE H /178 SiC-SiOx DIEE &
HEEII AT AT H- 2 DAL, SiC-QD D O; MWRIREIZH 25 8% FRIITRL
77
[ =87 1E]

Si0; #—7%"Y 6N, ¢4 inch X5 mm) BT SiC F 7 (99%, 5x5x13 mm) &F > 7/%—7 v MhFE L
SiC/Si0,=0.1 THLEL . Ar PR T RF 7 b db 2,802 7151280 RE H /% 100-300 W
EEZ T c WY 7747 A EIZ SiC-SiOx LT, D% AEL7Z3EME 600°C. 1 KFfE. Ny 5%
PR CRMLIR L 7, BURHHIIZ I, EDS 4347, Ytk PL B2 e, ikl LT, BVLE R
BB IO IR 4H-SiC 7~ (n 7Y, 0.015 - 0.025 Q-cm) [ZOWTh REIFRICEEMR L=,
[#ERBLOEL]

Fig. 1 {Z RF tH /1% 100-300 W [ZZA LS T26Z DT =— L% DREID PL AT MLART, BRI
FNEND PL AT MVET T AR LI BEL T2 ThY | SEDIHRDY 05 ICRDH AR
[3]o RF 1772 100 W 225 300 W [ LS E 72 EEX PL B —21% 2.42eV 725 2.30eV IZL YRV 7 RLTZ,
ZHUZ RF O RIZED SiC-QD DfEE RN KL, B A XN ENELI-EEZBID, £,
PL FE/7 581X 200 W D EX R E7RD | 4H-SiC 7/ D PL B —27 (@ 2.26 eV)&H~TH 88 50 PL
FEOy R 27~ LT=, Fig. 2 12 EDS 20412 Z0E H L7= SiC-SiOx (235155 Si l2x3% O #& 0;1255 PL
FESYTREE D RF H A AE A 74, RF /% 100 W 7255 300 W IZZ8(LEE5E O/Si it L., [\
BRIZ O OFNHIAD LIZ, ZHUd 0/Si tbe O O NITHENRSH DL LE2REBL TS, HE T
SiC/Si0,=0.1 7HHE L7z O/Si IR TR EIZ2EEE D SiC-QD HIZHIAENIEIZFH G LIzEE

AHND,
34 1.E-03 —
=
— 3.0 .E
g = 1.E-04 Z
= B 20 F e TNwafer seaNgeanas |5
G 5 =
5 = 2.2 Fcalculated value 3
o (@) . 1E-05 &
£ from area ratio of 0.1 -
- 18 F P L
o s
M X 1.4 . . . . . . 111 E 06 3
2.0 2.5 3.0 35 100 200 300 =
Photon Energy Av [eV] RF Power [W]
Fig. 1 PL spectra for annealed samples deposited at three Fig. 2 Relationship between the oxygen content
different RF powers. and the integrated PL intensity due to Oi.

[1] Narendra Singh et al., Advanced Materials Proceedings, 2, 725-728 (2017).
[2] “EIRRCAAM, 25 84 [l H B P K Z TR 23, 22a-C401-7 (2023).
[3] Joseph D. Granlie et al., J. Phys. Chem. Lett. 14, 6202-6208 (2023).
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MnZnFe0, 7/ B FOBE=RMRAREEIZE TS5 6d F—TOHRE&
R IR T
Effect of Gd doping on the third harmonic responses of MnZnFe204 nanoparticles and
their frequency dependence
BUREIZK', BRKX?2 OCMDEFREH!, G ERERA', M2)F&EEKX 2 M) XFEHF !,
M) RANFESH ', W) EBFAR!, —WET '
Yokohama Nat Univ. !, Osaka Univ.2, °Kusumoto Yuu'!, Iijima Ryouta’, Abe Ryouta', Amano Hiroki',
Hasegawa Marimo', Watanabe Shotaro!, Ichiyanagi Yuko':?

E-mail: Kusumoto-yu-nt@ynu.jp

THFETIET ) A — 1V OWE %2 AW TN L < AThbiv, kA R 2 ki v OaF 281X
k& 22 O ATREM: & £F0, il D —-21Z Magnetic Particle Imaging (MPI) & W 9 8 A A — >
TEMBHET HiILD, MPLIZIERD A A —2 0 ZHTITHH MRI X CT & TR &
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THZ A LIT/ER URKE N T 500 °C. 4 R OS5 FTEg
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Fig.2. Copper oxide nanowires on
ZOESIFIREZ 800 nm LI ETHD Z RIS, £7/-,  copper film

SR I ZBATT D EWALET ) VA Y —DERPIEIND Z B30T,
ZZ R - [/ IS Japanese Journal of Applied Physics 53, 098001(2014)
[2] X. Jiang, T. Herricks and Y. Xia, Nano Lett ,2, p.1333-1338(2002)
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Efficient Al-Catalyzed SINW Dimension Control for Device Downscaling

of Si/Ge Core-Multishell Heterostructures
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Low impurity scattering in undoped Ge shell and
enhancing hole gas accumulation by various Si/Ge
NW  designs
electrical characteristics for charge carriers of Ge

heterostructural facilitate superior
channel layer for transistor applications [1-2]. From
studies, SiNWs
vapor-liquid-solid  (VLS) of chemical vapor
deposition (CVD) growth using Al catalysts [3] have
been proposed to demonstrate the creation of Si/Ge

our  previous formed by

core-shell heterostructures. The p-Si/i-Ge core-shell
heterostructures with the addition of intermediate
or/and outermost B-doped p*-Si shell were optimized
to maximize hole gas accumulation [4]. Although the
vertical-aligned SiNWs with smooth surfaces, single
crystalline properties, and addressing the metal
catalyst contamination issue have successfully been
achieved, the minimizing SiNWs dimension to
downscaling devices has not been investigated yet.
Therefore, the modification of the Al catalyst for core
SiNW growth control was observed in this study
toward the monitoring hole gas accumulation in the
Ge channel layer of Si/Ge core-multishell
heterostructures.

All samples were carried out using n-Si(111)
substrates. Various Al-catalyst film thicknesses of
5 nm to 50 nm were deposited using an electron
beam evaporator before the VLS process. Then, the
Al-doped SiNW formation was performed with a
growth time of 10 min, SiH4 gas flow of 19 sccm at
700 °C. The 10-nm Ge shell was deposited at
500 °C for 90 sec with a GeHas gas flow of 10 sccm.
Both 10-nm B-doped intermediate and outermost
p'-Si layers were provided by SiHs and BxHg gas
flows of 19 of 0.5 sccm for 60 sec at 700 °C.

Figure 1(b) shows SEM images of SINWs formed
by different Al catalyst thicknesses. The reduced
catalyst size effectively decreases SiNW diameter.
The average NW base diameter could be reduced from
180 to 80 nm by reducing Al catalyst thickness from
50 to 5 nm. Vertical-aligned and smooth surfaces of

SiNWs including an Al doping level of 10'°-10'3

atom/cm® could be maintained via varying dimensions.

Ge optical phonon peaks of bulk Ge toward the Si/Ge
core-multishell structures with varying core SiNW

Device
downscaling

2

Fig. 1 SEM images of SiNWs formed by VLS growth of CVD
using different Al catalyst thicknesses (insets are AFM images) of
(a) Snm, (b) 10 nm, (c) 25 nm, and (d) 50 nm for downscaling devices.

p*-Si intermediate and outermost

(B doping) ‘ﬁ shells
Y v

p-SiNW core
(Al-doping) i-Ge shell

— Bulk-Ge

—— p-Si (50-nm Al)/Ge
core-shell NWs

—— p-Si (5-nm Al)/Ge
core-shell NWs
p*-Si/p-Si (50-nm Al)/Ge/p*-Si
core-shell NWs

—— p*-Si/p-Si (5-nm Al)/Ge/p*-Si
core-shell NWs

300
Raman shift (cm™)

Fig. 2 Schematics of band diagram for Si/Ge core-shell and
core-multishell heterostructures, and Raman spectra of SiNWs
different.

dimensions were compared as illustrated in Fig 2.
Similar asymmetrical broadening (the Fano effect) of
from both structures
confirmed the induced hole gas accumulation in the

Ge optical phonon peaks

i-Ge shell region by an additional B-doped Si
intermediate and outermost layers. A downshift to a
lower number of Ge optical phonon peaks from
bulk-Ge of core-shell structure formation is attributed
to the compressive stress. The further downshift by
the multishell layers indicates enhanced hole gas
accumulation. These results indicate the potential for
device downscaling in future transistor applications
and also emphasize the promise of using Al-catalyzed
SiNWs, formed via the bottom-up method, as a
core-shell NW-based channel material.

[1]N. Fukata, et al., ACS Nano. 9 (2015) 12182-12188.

[2] X. Zhang, et al., Nanoscale 10 (2017) 21062-21068.

[3] W. Jevasuwan, ef al., Nanoscale 13 (2021) 6798-6808.
[4]W.Jevasuwan,etal.,JSAPspringmeeting2024, 24p-P05-1.
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Effect of Surface damage of Si nanostructures on SiC formation
°Pengyu Zhang'?, Yonglie Sun!, Wipakorn Jevasuwan!, Naoki Fukata'?

Research Center for Materials Nanoarchitectonics (MANA), National Institute for Materials
Science (NIMS)!, Univ. of Tsukuba?
E-mail: ZHANG.pengyu@nims.go.jp, FUKATA.Naoki@nims.go.jp
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One-dimensional (1D) nanostructures,
including nanowires (NWs) and nanotubes (NTs),
are promising extensions of silicon (Si) industrial
products, offering large junction areas, high
integration density, and significant specific surface
areas. Carbon-based materials like silicon carbide
(SiC) have excellent electronic properties, such as
high thermal conductivity, high electron mobility, 40 60,50 (o )80 100
and wide bandgap’ making them ideal for electronic Fig 1. (a-fithe 2, 3...'),4.5.55.6.5.8 scem samples. (g)Comparison of

. . . XRD patterns for different samples.
devices[1]. We are currently studying various coated .
NW structures such as Si/SiC core-shell structures
and SiC nanotubes, which show great potential for
high-power and high-speed electronic components.

[l

Intensity (a.u.)

oo

The goal of this research is to develop high- "‘
quality, unique 1D structures through chemical B0 ot
vapor deposition (CVD) teChHOIOgya aChieVing the Fig2A 6.5 scem flow rate sample (a) Overall TEM image of nanotubes.
growth of SiC on Si core-shell NW structures[2]. (b) High-resolution TEMimage. (c) FFT image.
Our research aims to expand the practical [EF =G = Bl e
applications of these nanostructures in various ]
advanced fields.

Ia MU

Experimental section i
The annealing temperature for the nanotube Fig 3.(a)nanostructure formed in 1100°C. (b) Nanotube structure
(NT) structure was raised to 1200 oC and methane formed at 1140 °C. (c) Core-shell nanostructure formed at 1140 °C.
b

(CH4) gas was introduced at 800 °C for surface passivation to improve morphology. The CH4 flow rate was
kept stable until the temperature dropped to 1000 °C. To evaluate the impact of different flow rates, the gas
flow rates were setto 2, 3.5,4.5,5,5.5, 6.5, and 8 sccm. Then, TEM observation was conducted and surface
images were obtained, yielding crystallization-related data. Additionally, to further optimize the NT
structure and achieve a high-quality core-shell nanostructure, we conducted temperature variation
experiments at 1100 °C and 1140 °C. Low temperatures help to slow down the reaction and reduce silicon
diffusion from the wafer.

Results and discussion

The CH4 flow rate significantly affects the uniformity, quality, and crystallinity of SiC nanotubes (NTs)
as shown in Figs.1 and 2. The tube thickness was observed to initially increase and then decrease with the
flow rate. The XRD pattern and TEM image clearly indicate the formation of SiC. Additionally, the
significant changes in surface structure at different areas formed at an annealing temperature of 1140 °C
highlight the impact of temperature and pressure on the reaction compared with the 1100 °C sample, as
shown in Figs. 3(a)-(c). Thin nanotube structure, as shown in Fig. 3(b), was achieved through surface Si
diffusion, while simultaneously enabling the fabrication of core-shell structures, as shown in Fig. 3(c).
Voids were observed on these surfaces. This is thought to be caused by defects introduced on the surface of
Si nanowires during the process, which promote the diffusion of Si reacting with C. Therefore, it can be
said that the removal of the damage of the Si nanowire surface is also an important factor for the formation
of the Si/SiC heterojunction structure.

References:
[1] L. Latu-Romain, et al., Journal of Nanoparticle Research, 13[10], 5425-5433, 2011.
[2] A. Gupta, et al., Bulletin of Materials Science, 27[5], 445-451, 2004.
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H: sensor characteristics of nitrogen defects
introduced-graphitic carbon nitride film
RREHRK ', BEX-M%EN 2N AR KE
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[1]Y. Ishiguro et al, J. Mater. Chem. C, 11, 10178-10184, (2023).

[2]J. Xue et al, PCCP, 21, 2318-2324, (2019).
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Hole gas accumulation and fabrication of SWIR photodetector

using Ge/Si core-shell nanostructure
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The Ge/Si core-shell nanostructures such as nanowire (NWs)
and nanosheets (NSs) have attracted considerable attention for
next generation high performance Msemiconductor devices due to
its ability to separate the carrier transport region from the
impurity-doped region. However, both the controlled fabrication
of Ge/Si core-shell NWs arrays and detailed studies on the
collective behaviors related to their integration density remain
largely unexplored. Therefore, in this study, Ge core NW and NS
arrays with different size were fabricated by top-down method
combined with chemical vapor deposition (CVD) to growth Si
shell, Ge/Si NW and NS array were produced, and a detailed
quantitative analysis using Raman scattering was conducted to
investigate hole gas accumulation. Furthermore, compared with
i-Ge/i-Si, i-Ge/p-Si was formed by doping of Si shell layer with
boron (B) atoms, which led to an increase in hole gas
accumulation as the electrical activity of the B atoms was
activated. In addition, Ge/Si core-shell photodetectors were
fabricated to study their SWIR detection performance. Aside
from this, for traditional single-crystal Ge materials, their
photodetectors can detect the short-wave infrared (SWIR) region,
making them widely used in optical communications and military
fields. However, since their maximum detectable wavelength is
1.8 um®, which does not fully cover the SWIR range (1-3 um),
their applications are significantly limited. The Ge/Si core-shell
nanostructure can extend the detectable range of the detector to 3
um® or even reach the mid-infrared detection region by
controlling the band structure of the heterojunction. Based on the
point, we plan to fabricate and research SWIR photodetector
performance for Ge/Si core-shell nanostructure in the future.

Preparation of core-shell NW and NS arrays:

Preparation of core-shell NW and NS arrays introduce a
similar fabricated method: A Ge layer of 500-600 nm thickness
was grown on a p-Si substrate through CVD. Subsequently, the
Ge layer was coated with a resist layer via spin coating, followed
by the formation of patterns with varying of diameters through
EB lithography (EBL).

(a) (b)
(e) (f) (9) (h)

Bosch etching S Lift off

Fig. 1. Fabrication processes of core-shell NW and NS arrays.

Next, MgO layers were deposited onto the resist to serve as
a mask. The mask was then lifted off, and the Bosch Etching
process was employed to etch away the regions not protected by
MgO, resulting in the creation of NWs or NSs. Finally, these
NWs or NSs were reintroduced into the CVD chamber to develop
an intrinsic Ge (i-Ge) shell and a p-Si shell, as illustrated in Fig.
1.

The SEM image from Fig. 2(a) reveals that the NW arrays
exhibit well-aligned structures and can be easily controlled using
EBL. EDX analysis was performed concurrently with TEM,
further confirming the high-quality crystallinity, as evidenced by
the sharp interface observed between the core and shell. Fig. 2(b)
shows that as the diameter of the Ge core increases from 50 nm to
75 nm, The phonon peak shifts to higher wavenumbers. This
indicates that the hole gas accumulation decreases and the Fano
effect is weakened. Figs. 2(c) and 2(d) display the Fano
parameters q and I' for i-Ge/i-Si, showing the increase for the
shell is p-Si. The investigation on hole gas accumulation in NSs
and the performance of photodetectors is currently ongoing.

© 2024%F [SRYEES

08-090

(b) 300.8
e Qo ° °
| - bulk Ge
3 ° @ i-Geli-Si nanowires
£ 304 i-Ge nanowire
= @ - i-Gelp-Si nanowires
£ 3002 -y |
s
c
H 300.0 °- ?
5
& 2098 °
9
299.6

50 7% 100 125 150
Diameter of nanowire (nm)

@- I-Gelp-Si nanowires

@ i-Geli-Si nanowires @ i-Geli-Si nanowires

@ [-Gelp-Si nanowires

Fano parameter, I’ (cm")
»

75 e

50 7% 100 125 150 50 75 100 126 150
Diameter of Ge core (nm) Diameter of Ge core (nm)

Fig. 2. (a) SEM and EDX images (b) Ge optical phonon peaks with
different NW structures for i-Ge, i-Ge/i-Si, and i-Ge/p-Si. Fano
parameters of (c) q and (d) T estimated from the Ge optical phonon
peaks observed for i-Ge/i-Si and i-Ge/p-Si core-shell NW arrays.

Preparation of core-shell NW and NS photodetectors:

We plan to fabricate Ge/Si core-shell photodetector devices.
First, we shows the fabrication process of the Ge core
photodetector, as shown in Fig 3. Firstly, a thin layer of Au film is
deposited on the bottom of the substrate to form the bottom
electrode. Next, PMMA is spin-coated on the NWs without
removing the residual MgO to form an isolation layer. Then, O,
etching is used to remove the residual PMMA film on the surface.
After that, another Au film is deposited to form the top electrode.
Finally, phosphoric acid is used to clean and remove the MgO on
top of the nanowires and the residual gold film, thus forming the
photodetector. The specific fabrication process is illustrated in
Fig 3. The preparation method for the NSs is the same as the
aforementioned process. The results will be reported on the day
of the conference. The device fabrication method for the
core-shell structure is still under investigation.

MgO—

Source

Remove the residual PMMA surrounded

by Nws caused by spin coating

Remove the MgO and residual metal on the top of Nws

Depo the drain

Fig. 3. Fabrication processes of Ge NW and NS photodetectors.

We primarily fabricated Ge/Si nanowires and studied the
variations in hole gas accumulation at the interface. The results
indicated an enhancement in hole gas accumulation when the
shell is p-Si. This lays a solid foundation for future research on
NW and NS photodetectors.

References:

[1] N. Fukata, et al., ACSNano, 2012, 6(10), 8887-8895,

[2] D. Suh, IEEE Transaction on Electron Devices, 2018, 65(12),
5406-5411,

[3] D. Suh, et al., The 9" ICST[C], IEEE, 2015, 187-179.
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(1) M. Ishizaki et al., Adv. Mater. Interfaces. 2021, 8, 2100953, HF#F55 7376077 &-.
(2) M. Funabe et al., Sci. Technol. Adv. Mater. 2022, 23, 790.
(3) Y. Huang et al., ACS Appl. Nano Mater. 2019, 2, 2456-2466.
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Materialization of Quasi 1 Dimensional Transition Metal Oxide by Hybridization with

Organic Molecules
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E-mail: Nakane. Takayuki@nims.go.jp

1.2
FEREPER BE 3 B TId, BIRRENEAICHIFES LTV D,
B TU b G b &R SR O — 8 Cd 5 23 £ OWFJEXT 101
KDL T TRITIMEI CTH D, —IRTTWHEIE, BRREMEET 5
08 r

72D OFUEHHRANEE U < OS2 8 L7 EHME = TH BRI
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Gate capacitance distribution for pumping operation in common-gate triple-dot
single-electron devices
AMmfERET OFH T, SH &
Ritsumeikan Univ., °Atsuki Yoshida, Shigeru Imai
Email: re0162fp@ed.ritsumei.ac.jp

1. FCDHIZ
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JE)BRELBRDEHFIZONTHET D,

2 . TNA ADOWELE
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Fig.1 Equivalent circuit of a common-gate triple-dot single-
electron device.
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Fig.2 (2,1,0)(1,1,1) projection diagram.
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—HE/— b SETIZ X 5 NAND 77— k Of§4E
Construction of NAND gates by double gate SETs
SMamBERELL ORY P 4 %

Ritsumeikan Univ. OHiroki Osaka, Shigeru Imai
E-mail: re0151xr@ed.ritsumei.ac.jp
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EH7— b SETICEEH#Z 5 Z 12X > T NAND [EE A3 5
BT 2 Z BRI TWD, RIFFETIE, BATIED
SET DAkt " BH47 — b SETICEE X - HE
NAND [EIB A5 L, BIEARIT T 52 L 2 AL 35,

2. EREE
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— b SET O/ — hBIEZ ZNENV,,Vyp & L. 77— b
BEEC), VA RT— MEREC. & b RVESOR
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VDD

Fig.2 2-input single electron NAND circuit
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Fig.4 Stability regions (Vg = —0.05¢/C;)
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Fig.5 Input-output characteristics (Vpp = 0.1661¢e/Cs)
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Fig.7 Input-output characteristics (Vpp = 0.2821e/C;)
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Fabrication of n-type SnSe single crystals by solution growth method
and evaluation of thermoelectric performance of the crystals
RABETRE !, EHB CMDTER RE!, FE #—>2 & BE? SE N2
XHB &L BRAN Fx' @A KF!
Kyoto Univ.!, AIST? °Goshi Nishizaki', Masakazu Mukaida?, Qingshuo Wei?, Kazuki Imasato?,
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%% k[ 1] Chang et al., Science 360, 778 (2018). ESMT 1~ O RS (@)
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Formation Phases and Thermoelectric Properties of

High-entropy GeTe-based Materials
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Fig.1. Crystal structure and XRD patterns of
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Formation Phases of Crystalline/Amorphous Mixture Thermoelectric Materials
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Fig. 1. Syncrtron X-ray diffraction patterns of
Ge12Sh;Tess and S,Se-substituted sample.
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BELEZALE a-MgAgSh DERE
Synthesis of a-MgAgSb Using Melting Method
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AIST !, °Hironori Ohshima', Yasuko Takashima!, Yosuke Goto!, Chul-Ho Lee!

E-mail: c.lee@aist.go.jp

a-MgAgSb 115 1H7> & 300°C DIEFEIRIZIU T 1 Wim « K LU F OAE s F-BS i8R 27 L
EWBVEMERBZ AT 5 2 & CIEFER SN TS, Ll ZHE TOHRETIEL. a-MgAgSb 1%
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AWFFETIE, E T AR DA ZAURAFNE 2 T Tz, ARITEVEREIC R & g %
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Dependence of temperature coefficient of redox potential on sodium ion concentration
in nickel Prussian blue analogues
RRBFEX CfRE B KB %= & N, EHF —88 KB F
Tokyo Univ. of Marine Sci. & Tech.
©R. Nawano, T. Shibata, T. Katsura, |. Nagai, H. Ohnuki
E-mail: m244017@edu.kaiyodai.ac.jp
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WAL, 2], —IRFEMIT, M - BARICER R T EN OIREREo (= dVAT)D R 2 2 O E#
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M) UsEHNTEMRLLIE Ni-PBA: TEF LT Ty
7 :PVDF =7:2:1 OEIG TRA Lic~— R b % ITO J 7 A

(WA, BEZE S, 17 mol/kg NaClOg Kig HH CEAAL
FHIIZ Na & % x = 1.04 (cubic #H) & x = 1.54 (trigonal #H) & L 7=,
Z LT, Na&Z[[F CIZ L2 ZfD Ni-PBA &z, 17 mollkg
NaClOs KRR IZHRA L, EMEICIRAEZE (AT) 2R L THL
FLEE ) (AV) ZFHAIL 7=, Fig. 112, AV O AT (KA T,
EATRT L HIC.x=1.04 T031mV/K.x =154 T-049mV/K  Wg—————5~——"—>,
28T, ZOXSICHEWETH Na QAR5 2 & Tla|o g, 1. Ther mAaTI (anage )
RNE SHEALT D 2 L B3R T X 70 FRCIIM O Na 2 S against temperature difference
SR L, fEEEE L o | DBIRMEICOWT b D, (AT) for NaNi[Fe(CN)e]o.:.
[1] T. Shibata et al., Appl. Phys. Express 11, 017101 (2018) g;[[l:d irl;(:ai(:izn cii;clesthaere tT
[2] I. Takahara et al., ChemstrySelect 4, 8558 (2019) T-increasing, -decreasing runs,
[3] Y. Moritomo et al., J. Phys. Soc. Jpn. 90, 063801 (2021) respectively.

AV (mV)

X =154
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vay bF—BHE-RYIBRZAVEBREUYORE
Thermal Sensor Using the Schottky-type Seebeck Effect
EREWMK', E#LB’ LA PA' L3 BHR’ EE T7E
NAIST ', AIST 2, °Saiki Ueda ', Mutsunori Uenuma 2, Yukiharu Uraoka
E-mail: ueda.saiki.up5@ms.naist.jp, m.uenuma@aist.go.jp

(i - Byl

Al ETITREICERZET TR | EYMOMRRIE M T 2 =2 —nEL 7 1 v 7 &l
TLER 2T 5, MREREIE O TH, RIBEEARES LR TR 2288 & L CRAERK
M TRP (transient receptor potential) F ¥ R/ NEHI HILTWAH[1], HEEKSZME TRP F v /Ui,
B2 DR L3Ry . Builzmt L CGREBMHICK > TZO LV EHIE L, MCESE
EETLIZARTHY , BIERHEEN TR v 7 2R L TnD,

ZO LX) RAEMOEEZREIT., BAFO o FEINTIRHEENARNETH D20, RV I8
MM BN LV IREREZEZR L v v ZTHIi R ERIE SN TWVWA[2,3], L.,
COMEHIBAR e AT VS AR EORERH 5,

—J7. BAIFEBERER TOWERICBNT, B—_Xy oL a v M —[EREZ AL DY
52 LT, IRERMEZF T BVEEN N RAET D Z L ERRLTVD[4,5], Lehi> T, A%
TR@EAAERREICAEC DY g v FF—RY -~y 7 HREFM LT, RERZME TRP F v
FIV R L IC A RRE T Y 2R L, O B E O HlEE £ S L7,

[ ofEiEs L OEER ]

Bt YL, n-type Si FEM EIZ SiO, v A7 NZ— U BB L, & O LI Mo R Z R L CTE
F5[4,5], T2 T, SiO VA7 R =2k SiBEFK L, FTE()D Mo/Si FL % FEH 5

— T OEMAE BT D LIREAIZ LY . Mo/Si S ICEVEE 03 ET 5,
[k R ]
Fig.1 ICIREIZxT 2 EENOFHEM R EZRT, 22 Th- 0.15

type Si (HEHLF 1 1 Qem) FabR 12 Mo A KE L T\ 5, :: g;;{m%

) SN BBIEIS, BB H B R LTHY . S 0L g

LEERANE TRP F ¢ 0 &30 L= i 2 ERATRECH S © [

ZEDBHBNE R, £, BEFR@IC LY IRERED 50%1 SRR s:0;

BAERTTRECd U HFREHC L 0 30~90 “CRE £ THIfH : a

ATl B = L A8 B & 72> 7o, AT, BT I bt ”@”'ﬁa'ﬁo

Limb o ORI & B L oA A THE L. 2 O Temperature [*C]

% %%&%:‘j— é . Fig.1 Calculated temperature dependence of
output voltage.

(&35 30#k]

[1] &Kk B, REKSZME TRP F v %L, AL, Vol. 94, No. 2, pp. 236-257 (2022). [2] KIS ikl £ iRa K27 548 = %
ToT HeAff, W F4EE, Vol. 93, No. 5, pp. 289-293 (2024). [3] Md. Ataur Rahman et al., Adv. Intell. Syst. 2, 2000094 (2020). [4] HiH £,
A pEd G 1TIR, 55 19 (A B ABGES AN ETE, PS38 (2022). [5] R R, By mEdh CEA PR R 1795, 6 84
B P A B 2 BR 2R AT e 23, 22p-P05-4 (2023).
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SESSEICAMEFAUTAMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

n BEJE CNT RO RIIZERE EM & BE o8 ORE L
Optimization of long-term air stability and ultrasonic dispersion of n-type single-walled
CNT films
FERBEL !, fEREAF L DEE WRE!, LA AB, =% B sl !
Graduate School of Engineering, Tokai Univ.!, Setsunan Univ.2, °™D Yutaro Okano!, Hisatoshi
Yamamoto!, Shugo Miyake?, Masayuki Takashiri!
E-mail: 3CAJIM010@cc.u-tokai.ac.jp

1. 120~ 150CTE— 27 &R L, Rl SR

il

© 2024%F [SRYEES

BVELRHM Bl ORm D ERORE L LT,
HED—RF ) F2—T7SWCNDBH
%o FATHIFETIE, B F A 2 RmEiErER &2
FW7z n B> SWONT H SRS » F—3
—/N—BP)DE —~y ZAREN 2 ELL B HE
FFCEX 52 &L HZEIEL T e, IBP O E#Y
I%. SWCNT ¥y R ZEIRIC AL, HHE IS
BT 25 Z & THOLN D ZEIRN D 72
V. EOFHURDIREED BP OYEREICE
ERIFTEZEZLNTWD, &2 TR
Tl n o BP Z{ERT HBRIAT 5 H
W ORI KIE T, R EMED
RAEEIT-o T, T2, A A —F ~O7
DIRFT AT > T2,

EBRGE

ARFFE CTIERL L 7= n 7 SWONT 45 Btk

IX. SWCNT # K (SG-CNT ZEONANO

Seebeck coefficient (uV/K)

o

wl@ \ ()

MRAS 20%DFRENN R K&~ LT, SEM O
Eifg L0, EERREZ A LT SWCNT
DOERDPML 2o TWNWD T ERMERTE =,

0123 45 6 7 8 9101112 30 60 920 120 150 180
Cycle (Month) Tempetature (°C)

Fig. 1. Relationship between ultrasonic amplitude in (a) Seebeck coefficient and (b) TCR.

10% (a) §

/////" {

o Lo

iV oY ‘
A, TN
B /’, W -t

SG101)% 0.2 mg, 51 F A > FUETEMER & L 4. fH5

T DODMAC 1.0 g % A 4> S8UKIC Nz, SWCNT 025 i o FR 1 1= B
BEHRE UFA P h DT L < Bty 7REOER—FRAOE

SWONT 4y ez (FI L7z, (R L 725y EALBT T, Fi5, TCR O, 120

BV 2 OIS L 0 BP 2 {EML L7, ~ISOCORMIZH N THFRHRIEA 20% 0
Z 0%, VERLL 7= BP OGRS L OB RELDENEWZ E NIRRT E =, A%EFER

TN R LT, BAEHINEE ZEMS3 (7 U, F TR LT SWONT o>
RNV 2T % AV CHIE Lz, #BHR BUERHEIC DWW TREET B,

% FE-SEM (HITACHI S-4800)% fi\><C 5. #iEF

Blg2 LT, A HBF %2 T H W 7= SWCNT (SG-CNT

ERER - BE ZEONANO SG101)% #fik L CIEV /- 0 A

e RO . AT O VAR A MO E R LET,

2B, n BAMER LTS 2 L AHERT 6. BHICMR

X7z, BEFERECKTET, 2EED
EZER LTz, SRR (TCR)DE I,

08-101

[1]Y. Amma et al. Sci. Rep. 12 (2022) 21603.
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EBRMRF AT RO
WAAVEERVIFLUYT ) A—LEBRRICHRT DENGREOZE

Influence of UV irradiation on polyethylene glycol electrolyte containing copper ions in
Ge-sensitized thermal cells
RIKME'. (#elleThermo® ©@)BEH#K . MTHF "2
Yuki Ozaki! and Sachiko Matsushital? (Tokyo Tech., 2elleThermo, Ltd.)
E-mail: ozaki.y.ad@m.titech.ac.jp, matsushita.s.ab@m.titech.ac.jp

1. wIEER
eI R R 2RI F B il (Semiconductor-sensitized thermal cells ; STCs) (&, o3R8 A KRS Eith D
tFE DI % LR DB ICE Xz -, BBt —FTd 30, fh c, L E AR Y
TFL v 7Y a— (PEG) 600 ERZH VR TRE L -REIHRE TN TV BB, 2D PEG
B IZEIE (UV) oA S 2 B2 Tw 3 b oo, B R KLE IR
%%kowfﬁ<u@ﬁénfwtmo%:fxiﬁfu\%G¢®ﬁ4ﬁv:&;?%%ﬁ®
B T~

2. B

PEG600 1g % L NaCl 0.3 mmol & (O CuCl £ 721 @ CuCl, % 0.125mmol #fNx., 7 v —7+
v 7 AT 50°C, 500 rpm, T CHEFELEMRRZFR L 72, o 2 oEMRICO VT, 3k
A7V vy 7RALE YA PY — (CV) - BXRILFEA v =X v R (EIS) - 2 &k CV HIEZ1T > 72,
EIS |3 EEMRHEFEHE 120 umdD 7 v F F — T LA X (FTO) MFF+kvic, 24 CV X EIS & [ UK
THEHIMRIC n-Si/Ge, XHRIC FTO % V72 e VICEMBR Z BeA 2 e V2R L 72, UV RS o &
IC X B ZIT S 20, 3M CV CIRE MR EMEL ATV, thoIEIX Ty 7V HRowL
D FTO HICEEKIR T v 7 ¢ UV ZBE L 7%,

3. HRLz%E 300 CuCi2-uv

EREQO 31 CV TIE, UV IBHEFIC Cu?r — Ccut o g | T Cudzdark s
3 cu>
BILE — 7 OMEADSHER S W (Fig 1) o ORI & c%
UV BIC XY cu At S h cut gkl ec e £ | T o ap
&R%T . 20 CV CHEMRD LY bEWRD. UV w |
FJEMRB I X 0 D IREIRF D 523, BIMEBESKE LS 5 3 15 0 15 3
A &7 (Fig 2). STC DFAKET I Cut/ Cud voltage [V vs. Ag/Ag+]
BALIBRITIER & Ge O 7 x L JHER DHETH 5 72, Fig L. CV of electrolyte®.
. . Scan rate: 10 mV/s, uv: with UV irradiation, dark:
Cu?*25ETL I NT Cut IREDBKRE (20, BLiEuHE No UV irradiation
MBS~ 7+ 432 & CHIREBEENAKEL S Aot
CuCl-uv
Ez bbb, YHII3MCV S EIS DFERICOW»THi —— GuCldark
u =uv
¥ 3, _é"_ —— CuCl2-dark
4 BEIM LI e
[1] H. Kohata.; B. Mei.; Y. Wang, et al., Energy Fuels 36, 19, E“a A4}
11619-11626 (2022). 3
[2] T. lkeda.; H.Sekiya.; H.Kohata,etal , J. Electroanal. P o3 03 o 5
Chem. 895, 15, 115413 (2021). voltage [V]
[3] S. Matsushita, et al., J. Mater. Chem.A., 7, 18249-18256
(2019) Fig 1. 2-electrode system CV of FTO-Ge cells.

Scan rate: 10 mV/s, uv: with UV irradiation,
dark: No UV irradiation
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EREMDT /A REBEDRE
Investigation of device configuration for tertiary batteries
REBEK! CM)ER BRE !, KA HFE! BRF —B!, KB F!
Tokyo Univ. of Marine Sci. & Tech.!
OFE. Ozaki', T. Shibata!, I. Nagai', H. Ohnuki'
E-mail: m234013@edu.kaiyodai.ac.jp

A, FE BRI T 2 RFH B E O 3 F— 2 BR T RNV F— AT H =RV
F—n—_RZA MNEIFOBEDIEANCED LTV D, Fixld, =X —n—_Z N EEBLT 5
Bifio—>2b LT, ARDIBEZEICE VAL RESND [ZREM] ZRELTWH[1-4], =
WAEMIT, B - AR CEN OR SR O (= dVdD O R % 2 FEEH O BB R 2 &
FRIR HRICBLE Lo L le o T . T3 RITREELE 52 52 & T, EAMMICEE )2
DAL, BVLE ] Ven (= AT(o™-00) ; AT : = IREHOIEEZE, of, a : IEMR, B EIO0)Z15F5
TENTED, TET, EHESBIL 2 FEEO SN Y v o TSR A ) A RS
L7-FEARE T2 S EICEA L, ZOBEFEIRCRSI L Tnd, Ll ZOFRFITEAED
REEMENDEMENRE L & WD BERN S 5, Z ORI 2T 2 7212 ARFZETIX
RERRY v —EMOHN 2 —REMIZEHE L, A ~v—EHEZ2HW = REMORIEL £ D
PERERH 217 > 72,

ARFZETIL, IEMR & AMRIZ a0 7y v o 7 L —JEEAENa,Co[Fe(CN)slos7 : Co-PBA), =
2 TNV T I e T I —HA R (NaNi[Fe(CN)sloos : Ni-PBA)%Z FV Y, 17 mol/kg NaClO4 /KIATR £ 7=
I%. 5 mol/L NaCl KisiK & ARV 7 7 VU IVEEF R U LZREAS L TER LIEAR Y ~—EE 2 v
Too WU ~—EBMEE AW ZEIL, EM (A2, Co-PBA (Ni-PBA): 7E®F L7 T v
7 :PVDF = 7:2:1 QOFGTERA LS DOZEEMRPET ITO £7-1% SUS304 fE)ICEBM L, E
ZERRSET L O L, IR & AMRORIZIER L 72 Y ~ — B E 2 PR A R L 72, Fig.1
X, RIR 20°C, @R 40°CIZIBIT DB A 7 LiRBROFE R
Th D, FiREFET0.84 mV/K, FFIRIEFE T 1.04 mV/K O [ T,-293 K
EIATERBNINEOND Z EBbhote, ZhiL, itk

DERIL % T2 Co-PBA/NI-PBA =R EEH[4]DEEL EE /)
CRRRETH Y AR~ — B 2 FV T2 SR EM S IEK
O =R EM & FE A VEREZ R LTV D,

V' (mV)

I I S S I S S R PRI DT {
0 500 1000 1500

‘i
[1]T. Shibata er al., Appl. Phys. Express 11, 017101 (2018) , -

Fig. 1. Thermal cycle of a tertiary battery
[2] I. Takahara et al., ChemstrySelect 4, 8558 (2019) using polymer electrolyte  between
[3] T. Shibata et al., Processes 12, 175 (2024) T71=20 C and Tu=40 C.
[4] E. Ozaki et al., AIP Adv. 14, 055004 (2024)
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SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

RYTFLIY ) a—)ILhDIELRD DS

Spectroscopic analysis of copper chloride in polyethylene glycol

BEAREL!, RIKREYMHEHET 2

OM) EF &M=, WT #F2 £5 &R!

Yokohama Nat Univ. !, Tokyo Institute Tech. 2, °Tomohito Tamura', Sachiko Matsushita?, Takashi
Ubukata!
E-mail: tamura-tomohito-xy@ynu.jp

1. #E

T F— RO D DOF LN EHIFEL T, 2
A R BRI M (STC) D22 3T o AL TUNVD,
STCIE B AR D EAGH AL B A A Rk LR VIR TE SR E LA A
POETHEETIE/RTHY, 200°CLL FOIKIREEF]H
AT BRBITHELNEWF S B,

STCOEMEIZILE L ER) =FL o T Va—
(PEG)TIEMRLI-b OB EITH DI TS, Lo, ZOE
i’ E % FAVCSTCO B M EETTHE . PEGIN THID EMT
DEEDEHFRRAN D DM, SR BATIZPEGL 84
O EAERIZEDLDIEEEZ LI TNDDY, BARA72 AT
SAXNINVERITEHS TR,

AWFED BB, PEGH DOEAVEHD 5y etz T,
PEGESiAA AN BETDH =72 Ra1552 LT, STCHFZE
ORI DIRT HZETH D, FRIARBFIE T, S5
R\ DNaCIS N LD B A RE LT, T/, ARBF
FECIX IR O EBRB ATV, STCRAAERIZI W TE A
T DI LR IR A (LT 72O IV DB RIS ED
HAIZOWTHEL,

2. =&

CUCL/PEG3 & TXCUCL/NaCl/PEGESFE DI A~
AV ZIE L 7=, CUuCLEE1%0.05 mmol/g(PEG) C—7E &
L. NaCHEEZZn+h0,0.20 mmol/g(PEG) & L 7=,

0.05/0.20 mmol/g CuCl./NaCl/PEGEfM#E (2365 nmt: %
FRET UT2 & & OWIAY S VL&A LTz, JEEsT
BOENTZESHRITHE L, ZDH%HD AT MVERD
LT,

3. HBREER

CUCL/PEG 3 X T* CuCl/NaCl/PEG EMFE DWLIL A 2
7 b v% Fig. 110w, E720RIR I 460, 900, 1450, 1930
nm [ZHER S 7z, 1450, 1930 nm DRI IZKD O-H 1l
HEIRBY OS5 E L O A B 12k 3 5@, 460 nm OB
Cu-O DOFEAMBEWIUZ L S H DT, 900 nm DOWILIE
Cuzd d-d BRHIZL DO THD EEZ BN DB, 0.05
mmol/g CuCl:/PEG {Z 0.20 mmol/g NaCl Z %S4 5% &,
460 nm OWNEEN R E <M L7z, F7=, 900 nm DOW
SEEE BB L, W ORN T a— Rk Lz, Zh
1% NaCl @ CI'%% Cu-O ERiBENRIL & Cu?* D d-d EREIC
WL L2 lhEZLND,

0.05/0.20 mmol/g CuCl/NaCl/PEG Ef#E |2 365 nm ¢
RS L2 & & ORI AR MVE{LE Fig. 2 1ORT,
TRSTRHER & & 512 460 nm & 900 nm DWW SEEE AL T L,
64 BOIRHIFICRIRZ R E 72 Te o Tz, ZhUE, eSS
\2& 0 PEG 1 CCU*BIRITINTZTZDTEEEZBND,
HIRI £V % 22 Tl U, Rz K 5 A
7 MO AR L=, FEERGEE & Hi2 460 nm &

0.6

0.4

0.2

Absorbance

0 1 1 1
300 800 1300 1800

Wavelength [nm]

Fig. 1 Absorption spectra of 0.05/x mmol/g CuCl./NaCI/PEG
electrolytes.

0.6
—3650s

o
o
504} ——36564s
2
2 0.2 aging in air for 47 days
!
< L et iy

O Il Il Il

300 800 1300
Wavelength [nm)]
Fig. 2 Absorption spectral change of 0.05/0.20 mmol/g

CuCl./NaCI/PEG electrolyte upon 365-nm irradiation.

1800

900 nm OWEEE M L7z, 15 H#RITIZFA EZ LA
WL, 47 BRIZIZeOUWOLE DR EE TRIE L T
WD ORI N (Fig. 2), 460 nm & 900 nm DU
FEREEM L= DX, BirI iz CuiRZER ok X
. CBHEENHEM L7270 EBE 255,

4. #E5

CUCL/PEG 7Ef#'E |2 NaCl Z 3% &, Cu-O OEfkT
BB I L7=, Cu* o d-d BRI X B WIN & HEn
L. B O 7 v — RIZZ{k L7, CuClo/NaCl/PEG
M T 365 nm JEFRES 2 & PEG F1C Cu?* D& LA
&, TOBZELKHPITHET 5 & BIC Sz Cu?* g
IbEND T EINTIRSNT,

5. SEXM

[1] S. Matsushita, Proc. of SPIE 2020, 11387, 113870K.

[2] F. Westad, A. Schmidt, M. Kermit, J. Near Infrared
Spectrosc. 2008, 16, 265.

[3] A. Tverjanovich, A. Grevtsev, S. Bereznev, Mater. Res.
Express 2017, 4, 015006.

08-104



20p-P02-26 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

HSREIZREA—ZV BB ShzF/ MhOZREYELE TOBA
Surface properties of patterned nano-asperities on glass and its applications
BAESHEF@E L CEE R AT RR' #HH BEH:

Nippon Electric Glass Co., Ltd. !, °Masaru Iwao?, Takumi Kinoshita®, Naoki Fujital

E-mail: miwao@neg.co.jp

1. XC®»IZ
~A 7 ATV ==y bE (Microslurry-jet: MSJ) [1] ZHWT, AT A CEB:, F/ A—
~ VT —Z =DM E DIERIAN ATRE & 72 o 72 [2]0 ATTIEDOFHIL, T AAKRDOFE M,
R E o FEREMIR, LSO a v hr—ARNTEH2LTHD, AT~ L, MS) EE
MRS Z == T LTe T 7 A X MG OREPIEICOWTHRAE L, IS 28 L7,

2. EB

MS) EEHWT VI 2 v r— T 2K (HARES
48 : Dinorex, /&4 : 1.1mm) OFREIIK LT 7 F =
T—HIZWO T2 ANVERAWTT VI F AT Y — %
FHU72, SHITxy HANZ ) AVEER LAY —= 7L
AT o7z, Figl ([ARERR Tl L 72N L5 E OB X % 7R
T, EEEE, ATV —FME2EZEEEOM AT o7,
FROMIEBEDOH T AZHSNTIL, BRRIE T 7,

25— s
7 @_OE%TE X

»st::a;/a JZ

YES
HIZEMR
XER

Fig.1 Process image of nano-textured glass.

3. MRLEBZ
) - Sa:10 nm — 100 nm
ARFETIER L= 7 A& MY sa Height: 10 nm — 1000 nm
% Fig2 (o T, BRIELS BE0fior i \ Proh 200 pm = 1000 pm
) A= =MD K == TN E

- 'Y ag
TVB T ERIote, EEZEORE LR ' | Heioht | £

; 5 Po
F5 LA nm O S ORI ASTEE LT me'
W, 7 Fig2 Icitay hn—b L £ &

. . e . , Fig.2 Surface image of nano-textured glass.
HE, MNES, EyFomMERLE, % J J g

H XM E ORERrME R L OUE S D FRICHOW TR 5,

Reference [1] Nakanishi Y, et al., Precis Eng 67: 172-177 (2021)

[2] HE D, 5 84 [BIL AR Z AT HS THIZE 21a-P04-8 (2023)
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F ) BHIIAR L——RBEIZ & S TIGaSe: DEEBIREIL

Surface morphology changes of TIGaSe: under nanosecond pulsed laser irradiation
KBRAK!, FELNLAOv UHETHTI—2

O(M2) =% A ', Nazim Mamedov?, t FER',
Osaka Metropolitan Univ. !, Azerbaijan National Academy of Sciences 2
°Mino Ryota!, and Nazim Mamedov %, YongGu Shim !
E-mail: si23449f@st.omu.ac.jp

MBI CTH D 382 U v MEAWIZB W T, REHEE O L — Y — S BERT I BT Tum A4
— X —DRERETNHIE SN D FH LR N RE SN TWD[1,2], ABSZ W2 EEREEE
HWADOICHERZE 2 2856, REREOBRENE R T E 725 L—F— R EMH & DR
%%%%ﬁtf%%%ﬁ%éo:hiﬁ\mvﬁ%iU@ﬂwX%%%mib\%%%%#&%
TERHEIZBE T D90 21T > T X 72[2,3], AWML \NWXﬁWmﬁiU@wﬂwxv~f %
W5 2 LT HFHE o2 m sk N5 téﬂék%z TR A L — P — AT
TlGaSez@%ﬁﬁ/%@ﬁﬂi%f [ZDOW T,

SNV BEEEL TIGaSe; @ (001) iz MIEm & Lz, R 7ELTH I B/ VAL —H—
(EKSPLA f: OPO Laser NT342B-10-AW, L AlE: %) 5 nsec, #iK LA 10 Hz) % V-,
REIREOEHEIL, He-Ne L—¥—% 70 —7% (KE:632.8nm) & LT A 7=y Vik%
Hiz,

R TR LML LT, 1E: 430 nm, ARy FEZ: H40mm, =x/1LF—:20ml & L,
B TR U T BRE HL D O REEEZ 2 S CHIE L2 7 e — 7 YR O R AFE %
Fig. 1 (oR, BBIREOLEITHS G LR T 7 n — 7 i OIR T e — 27 IRk 2 =R
DHER T, N7 HRE 000 OFEBEERKICHE, BN ELL XA IV T ORIENKE <
o TN, ZOZ ElE, Ry T HRE PO TRA LA R RE L2 ERL-b o &
HERITE %, Fig. 217 m—7 MBI T (EF) B —7 2T (Atpea: Fig. 1 OF KED)
&L Ta—T7WREOIK T NERAET D] (Aton: Fig. 1 OFRKH]D) DR 7 IEBE LS O
BRI 2 R T Atpea (B W TIE S mm LLE TEIERF A K E < 7e o TR, ZHUTEIRT A
BN T a— RIZRo7=Z EITRERT D EBZBND, — . At lZBWTIX, 2 mm LA ETRIE
IZEIINL TRV, [BEEAZRDIZEZA 179 m/s Tholz, AFERENSL, F /B LR L—H
— &R THETDH LT, TIGaSer IZBWTHFHBRIZ L 0 ik R 26T 2 L (Fm
M) OREEFBHICTCE-EEZBND,

ﬁﬁwimmﬂﬁ%nmﬂm&sJM%Qm%@%&%xft%@fﬁé

. T : : :
™ "mi oo SN > 04F
| * 6 mm- 8 ° [
f + E 03 F
/; JW ~ 02}
s — x
\2 ! 4 mm 3;;-0.1 L ° °
=) + [
B 3 mm < o0} @ [ ]
8
£ ) * 2 mm /6 0.2
:
et 1 mm
0.1
a J ~ =
o
L Distance from 0 mm- 2
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Fig.1 Time dependence of the sample Fig. 2 Deformation peak and onset times as
surface deformation at different a function of distance from the pump-spot
distances from the pump-spot center. center.

[1] N. Mamedov, K. Wakita, Y. Shim, K. Abe, N. Ogushi, Thin Solid Films 517, 1434 (2008).
[2] Y. Shim, et al., Tech. Phys. Lett., 44,.643 (2018).
[3] A. Okano, Y. Shim, N. T. Mamedov, # 69 [Blji B R A2AN R (2022) 23p-P08-1.
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BUEREBDICETSBREARFOHEBART O vIL

Diffusion potentials of interlayer atoms in weathered biotite

MUK - DAL LEERFERE -T2 RFHHEE - MEHES HERXE-E9°
HEF, BEBFHSA L O/NAFA L HOEM? BIKE 2 XARL 2, AHEE!
Wakayama Univ.!,Hokkaido Univ. of Sci.2, JAEA MS 3, Univ. of Tsukuba*
Chiaki Iino', Rina Yabuta!, ©Masato Oda', Masakazu Muraguchi?, Kosetsu Hayakawa?> 3,
Mitsunori Honda? 3, Hiroyuki Ishii*

E-mail: moda@wakayama-u.ac.jp

Bk, JFRHE OIS L8R 0 Bl 72T A ADAIRE B s L7-fFE 2 D T B[1], £
DOHT, EYLBEERRLMEA &S > 28RV T, SiRER TEWAEMIEEZT ~ 03)73%H
INDBGERM LTz, ZOBREICHTIVUL, MW EBET A ZGH T E L ATRefER
b5, BUK, BEMEOEFITESHLNITR > TRV, JSHDT-DIZIE, EOBYRE - BR
RS OMANRLE L 25, AZETIE. ETEYLEREROERLEEICER Lz, ExUnE
DRJRA A AMRETH D5EIIE, BRI DR FILHAIER ICEHEE L 70D 2 EdifF sl
Do B JRHEREHEZ AV CTILRER T OBRIE T OIEMA T v v v VEFHIT 5 Z &
EHMET D,

RHRELICIZ, PHASE/Q =2 — F& iz, BEURRERF OERIE-OBEIZOWT, M1ITRT X
21T, EHIZH D Cs BEEEY A MIBEIT 2 I0BSOGITER Lz, 2122 OWERT v L
DFERZ T, Cs JRF D EROBEEY A MIBEIT 2BRORT o v LEERET 25 eVRRETH D
ZEMHLMNE o T, ZORERIL, BEREIC L o TEMEEEDS R E - 7 IREETIE A A 5581
XK WZ EERL TN D, #ETIEMERT v vy Vo BREMIIKREE R 2 b Lo, A4
(REDRREPEIZOW TR T 2 TETH D,

w
(=]

25
3
=200
g
§ 15
L0
3
©
TO0.5
<
0.0 -
Osi O a Qmeooon Qe 2 ) 5 s
= e . Rection steps
1: 5HEEFI, (a)top view
& RIS, (b): side view, 2 HBRSHETFY S v b

[1] M. Honda, et. al., AIP Advances 14, 055034 (2024).

© 2024%F [SRYEES 08-107 9



20p-P02-29 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

AN—FR—IBEEF OBEBRILTILIFTUIL—FERAVE
MoS: 7/ Fa—J DM & B EGE T
Fabrication of MoS: Nanotube Arrays Using Through-Hole

r’? Anodic Aluminum Oxide Template and Evaluation of
il j& Humidity Respons
LEHH—L BR2R" FEHE. HEREZ L FKEh:
Kansai Univ.?

E-mail: k703875@kansai-u.ac.jp
L
THAEE Y 7T (MoSo)lE, — MROFEEEE A RS, L B ZE TH D Z LA
ALTWAIL], F£72, MoS:D K FAIFIRE % LERINZBUEIINE T 5720, BEE v 7128
WTHEHSNTWAMEITH H[2], ABFZETIX, MoS, DK BI8E M Z M LS H 5720,
A — R — U & FE OB RER L T L 2 T (AAO)T 7 L— R &2, ML 0 & K& A th R
XL D MoSo T/ F o — 7 & A U I M 2 340 L 7=,

2.ERF
MoS; F/ F = — 7 TR A & A EELEE 2/ A o TR L 72, 13 U D IZEASK 50 nm,
RSK 40 pm D AAO A /L—7R— /L INIZJH I IETEIZ £V MoSATBMRIE IR Z 2 —7 4 > 73 %,

WA RITBRIARIRIE A & D AAO % CS, RS T 400°C THILALER L, & 512 900°CAr ZRPHA T CHERL
L, MoS:F /) Fa—T %R LTz,

1 LIS ENE DRI O 2, AAO B L DR E (H W) B L OHE(T / Fa2a—T7RF) ML
TNIZAUF ¥ v TEMEZIER L, B L BRI m 2 2 ST MoSD&EAME 21T - 72,
3. EBAER

WEI B AT% TR, A— L OEHE  4ABER
BRI 20 nm P L7z Z &, £ 10 nm 1) B. Radisavljevic, nature 6, 147 (2011)

D MoS, I AS AAO R — L INICHERE L 7= & & 2) Zaixiu Yang, ACS 16, 13267 (2024)

2 Hivd, Fig LI EIREMEMS R E =T, 400 ; : -
GEh I 25% & HuE L LT, B iUl

300F g

2V HIn] LB oK EEHEX T TOEWR
WO EEZRLTWS,  HIE T\ O
FEISE O H NN FIH LV 6.8 1@ Wi

(=1

=3

S
T

(1-16) / o

100

FEISEMEZ R L, FA O EISEMEDR TR -
B MK E R LT, ZORRELD, o5 AR} T n o
F ) Fa— 7N TR AT D K Relative humidity [%]
MEVZLFERTLHEEZLND, Fig.1 Humidity response of MoS2 NTs
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ZERABRIERIZ K 5B F A A UEREEDR L & — it

Formation Mechanism and Generality of Stripe Ferroelastic Domain Structure
Induced by AC Polarization Switching
HABRRT ', dtKXREE? CO)EXR #' FLE', RE F’ EAI &'
U. Tokyo', Hokkaido Univ. %, °Itsuki Miyamoto', Satoru Inoue', Jun Harada?, Tatsuo Hasegawa'

E-mail: itsuki-miyamoto76(@g.ecc.u-tokyo.ac.jp

RS R IRD B MIEL R A A UHEELZ TR L, RAAL VEEDISEN IR Z LU & T 5%
WIPEICKRE S BT D, 209 LR R A A ONMELR O 72375 180°LISN TH D KA A L BE
X, —RICHERBEAEFEA L TN DT GREERE) | IR X D = 7 DB ERERFE R T
ITEGICEICHEDFE LV D EEX LN TS, KA B EADIERPMEN R8T E R
DA, TREMEREDOTES 2 0F 5 fERAABICE NS D, EEE, TFERR St 5
4y{ftdh 1-azabicyclo[2.2.1]-heptanium perrhenate (AHR; Fig.1) [1,2]# 28\ T, RiiES
WG 72 R HR D AEF . FUINE S I AT U 7= SREEPERE S & IR Aok & 2 k95 2
WA L CEZ[3], AlEl. AHR &R CTH O D RHEHI7 B A A 258 2 A5 T CRLHI L
MRHEE ORBLMECHBMEEZ RIS 2 2 & T, ZOMEEHA LM Lo THET 5,

F9 AHR BAERIUIEE O 7 =—/L(> T2 L0 42 Uz 7108ES LECHY 22 1R RE (Fig.22) 20 5 |
RV AL 0 4y BREE Y5 7 11 R 40 23 AU il > 72 109°8:E & Wi 2 FE Ak S H 7= (Fig.2b), ©
DERKIZT =—/L L TH 109°BEFIT E A LW Lighotz, L L 3#M®%IZT=—1 1L
By TIPEEL A LT B A A RS IC 28 L (Fig2c), FOVTIES 2 HIINT % & oLmIbE o sk
109°5E JE WIS (23 o 7o (Fig.2d), & HIZ, FEdbBLASCIEE O B /e 2 30BN 36 1T £ RIAR 2 BLESRE 1
DO HIH R A A AEEIR ST, FUINES 7 & EAS U7 i 2O O SRR RE 1 2 5 et
MEND Z ERALNIR o7, —HORRIT, TO KD ARk KA A UHEEOR A, M

BEDBGICENR S 2 RICEBT 5 —HK rP Ty
TN
T e i les

§1

K
i)

o=

== |

o

w
Ry
¥

[1] J. Harada et al., J. Am. Chem. Soc. 141,
9349 (2019). [2] Y. Uemura et al., Phys. Rev.
Mater. 7, 035601 (2023). [3]= A%, 5571 [H]
ISR 2T AN 2, 22a-12P-6.

Plastic Ferroelectric

O
\éa N //ng:o
O

Pm3m R3m

Fig. 2 Domain structure of an ~ (110)-oriented AHR film
Fig. 1 Schematic structure of AHR. after repetitive annealing and AC poling (+80 V, 2 kHz).
Molecular orientation is disordered/ordered ~ The micrographs include transmittance of polarized light
in plastic/ferroelectric phase, respectively. (7) and electro-optic modulation (A7/T). Arrows and lines
Py is switchable among (111) directions. in magnified images denote Ps direction and domain walls.
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SRS BaTiO; D 90° 3 B SR ELR MR ER O FRIEERFME

Unique temperature-dependence of the external electric field
for 90° polarization rotation of ferroelectric BaTiO3
BIKXI O BR, BFE Hi, EF B8, M % #BRHE EE
WME BE, B HK TG HE
Nagoya Institute of Technology, “Tomohiro Ogawa, Hikaru Azuma, Shuji Ogata,
Ryo Kobayashi, Masayuki Uranagase,
Takahiro Tsuzuki, Yuta Takahashi, Takumi Nozaki
E-mail: t.ogawa.970@stn.nitech.ac.jp

Introduction
MRAERIIAEREA T ) PHEERTZ R LD E LUAKIEHI N T 2 HEARMEICTH S,

RN L EAEEARD 1 D TH 2 BaTiO; 3AF LIz & L2 WHlRL F—v v 7 X 2 3 ERE
D EALFHEHIN TS, AE VISHICARAIR 20 n I3 IEEERR TH b, % ORIEN
AHZALFERERCEPI N TR, SNRESIC X 2 0Wxizid, BRI ROIETT 7z m %
FEO MBI AR T 5 180° A 4 v F v BRI TH 5 28, D 90°[liE 235 1 ¢ A
C3EAabMEINTwE, AW TIE, BaTiOs Z55R & LT, 7B EEIC X > T0°/ i
[FI3E S O180° A 4 v F- v 7" DR FERFFE I DO W TR 2 1T 72 o 72,
Methods

FHEMRE X KT 5 Core-Shell MO JFFHIF T v o ¥ L%, HREE (300~350K) i3
W, IR RS T BaTiOs fifh (Fid6.4nm) IR LTy I aLb—va v &fTo7-. clilily
1T F 658 % 150 I 7 S @ BaTiOs 123 LT, alifi/i i —H s B 2 N L 72, 1€
BB GIEDIGHAE eIk b X H51cy I 2L —32 3 YT Berendsen I X o CHIMEIL 72, 4
HELHORE I LMEEEZT, ZNENE30 ps&}#(D vial—vavE{TH I LT, 90°5tK
B34 U 5 -0 e b Bl (PiEY) %5

Results ? -+ 90° rotat'ion'
[ -*- 180° switching ]
FEHRRERIIUTFOMEY TH 3 ||
1) EHBHCECT, sz cofiEsom & [ 0
>
11180°2 4 v F v /S COfEL Y b A, T, 2F ]
= ]
Z o OPLEL OMEKTFIER, EIEICE R S P l
(Fig. 1). K/;;///r//’d
(2) 90°HR[EHEIZ180° A A v F v 7L By, LE s ]
300 310 320 330 340 350
DU RLDRRIC L 2 TAEL 5. T (K)
AE T, PRGSO A XK EPa, clilTA e (35 % Fig. 1: Coercive fields E
% JANCHMNER IS A M L 2B A e o wChiRE 3 3. as functions of temperature.
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BMEERF A VBEAHIRILY—DRE - TAREKRGFEICET S
FFHNFEEHE
Temperature and vacancy concentration dependences of ferroelectric domain wall
energy via molecular dynamics simulation
BIKI CFBFZ Bl EW B3 I# = HRE Ex $HE BF /NI BR
Nagoya Institute of Technology

E-mail: h.azuma.651 @nitech.ip

wE
A EARIEa Yy T v REERT, MEREMEA ) R LIWAISAI W 3 EE M
Elcd 2. BaTiOs 3HEARMEZE T R VHILC F— v v 7 X 2 Frlkm Lo iR &

D, ZOFHEDIELL T Twd, FA4 vEE (DW) IZERSEOA E M- <
WB FAAVEBTERETH Y, T4 AMEEICKE CFES . Hlzi3, MRE‘DY
R U & & 72 BR 5 BRI IE B A 4 v iE-e K G-DW oM EEH 2D 5 &%
ZHNTWwW5, AWIZETlE, /76 BaTiOsicH1F % 180° DW X1 90° DW ico W
T, ZOFEEICERT 2 HHT AL X — 0l s X OB FLIREKEEZ 5 T8 1k
Lo TEIHAEL 7.

Fi&

A v R ERSCRRT 2y s v 2T VEFERT vy vy v 20T, GRIBEICE
F % BaTiOs#Efic i L CRMIBEREE Ty I aL—v a v a{Tho 2. INRES %A
L 7= oES FCEMT 3 22T, 180° DW B X1 90° DW DLIE kit #157-.

ZD%, vial—vaviATLEEBRIELILTENAALVEERZHEL, R0 L
WFEEE L TDW e ANV 0BT ALF —ERFH Lz, $6ic, fodio DW

ICEERZEILERCE L, it ;

! PR 0.2F" j !
Ee DWHHI ALY —% z o.1-,/V Mvhw‘ ] \
Sl L7 S | goowwith v, | O1f \ 180DW with V, ]
;k% o é 0.0f 1 o.of (.
[m] g |
Fig. 112, 300K ic 35 % 2 —o1} 17 \

o R . o ) ) ' 02k, . .V\r—«/\I"/\_/—
90° DW ¥k X 10 180° DW @ == = - 02f " . =
SO AR, B g ool
Ic X ) DW IcEEAMER S | | R

2 0.0f | 1 0.0k ]
SHCREREAE L, DWIRE 3 | |
VEOENBEASS o7, E-oaf= hw] | [T )
. . ‘ Pipw . Wm‘:f\/ Wy —02}. ‘ . v:_/\, 1
DW E EEI 2 ]I/%\’ ﬁi 1~10 0 200 400 0 50 100 150 200
m]/mz <H , {LEUUE > %?L(}% Position (A) Position (A)

. Fig. 1. Local polarization components parallel to the DW
FECHRAF L CEAL L 7. Gl

= (P;pw) and perpendicular to the DW (P ) - Vacanc
Tk Z DFMEWET 2. pw? SRE PEIP Low y

concentration is 0.08 nm2 for each DW.
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BFEASFENES IaL—Yavick 3RHEEKD
N2 A VRS
Ab Initio Molecular Dynamics Study of Domain Structures in Ferroelectrics.
HAHE |, QST?, Quemix®
OREEN |, HAEEN?, AT S, T RE—AR 122
Univ. Tokyo!, QST?, Quemix Corp.3
OK. Ishihama ', R. Akashi?, Y. Nishiya'?, Y. Matsushita->*
E-mail: k-ishihama@g.ecc.u-tokyo.ac.jp

AR IIAEIES IC X o TRIZFIREZ AR EH I 2WETH O, EFE, AHEREAEY
kv, TFY N RAXBEELGLDTAAL ZDTFEEFETFE LCHEHI L TWS, 1 Fic
MEMS 3%¥ & L COJSH IR & N 3 e BRI IC B W Cid, THEMoFRI N2 EARICK
o CHIFEI T LD B A A4 V&L, B B X OB SRR E O RE IC EHE kBl 2 R 3 2 L o3Al
bNTW5d, TEXF v VERICHD 200 2 HIHT 2 Fik & L CHERENR & smahERED
MPEREICEKNT 2 I 274 v PEOHIHIZS V., ZhE CEER - B O Ml cBub it
FEINTER, B —5C, EXEAEEL EDE X127 5 & & THE S LA IR & BGED D
=T F A A VBB DIV & Z NGB E D Tld, BRANIC X 287 K X 4 v
T— 3 VEOMNNAEBRRED S AINTELZ 0D, HistHICX2 7T 7o —F kv 12
L—yavd A ZoflRENLS 2T TR LA ETON TRV,

Z T CARME I, B R ICHRERRE R N T A — X TS N2 B I =T v EAY
TNty Iab—ya v ERGT, EROMEK & FEENBRFEEARED F A A4 &I 72
LB ZINOLOBEBRAIAFDO F A4 vigEo B OFHEZIT-> 72,
FHENRIIMAIN e T 2Ah A MEEER AT 2 RBERTH D
PbTiOs Z:EIR L 72, 4 TEN1%%Y I 2 L — 3 v E Nishimatsu 5
DORAF L -mFERS I 21— a3 v vy —TH % "feram"%
R—ZICHR L7-a—FxHwiz, 4

Figure 1 [XEMABREMH 2L 72 32X32%X32 2=y F kA DA
A 27 PbTiOs D 300K ik 322 I alb—y a VEERAZRLTWA,
FHIORKE S I BOKRKE S, BLEMBAMEZRL TW»d, mim
(B00K)TD ¥ I 2L — 3 v CHEL 2GS % o CEREE
PHEBET 3 LI o T, TN B X AT R O S RGEE O 1 I
Lo THEL 2EMIEDOEANCHES 90° © F X4 v EEASERK S 1L
5T EDBIRBINT, RRTIIHEBEDOET LD F AL ViEL Ot
B 2N OBEBRANMNC X 2 HEEZLDITICOWTIRET 2,
EZPEN

[1] C. B. Eom and S. T. Mckinstry, MRS Bulletin, 37 (2012).

[2] S. Li et al., Mater. Adv., 3, 5735 (2022).

[3] M. Nakajima et al., ACS Appl. Electron. Mater. 2, 1908—1916 (2020). Fig. 1 (a) Simulation cell of
[4] T. Nishimatsu et al., Phys. Rev. B, 78, 104104 (2008). bulk ciﬁg(ﬁ g%%g 2 (12)
(E#E) snapshot of the x-z plane at
KD it BHIFE (23K]0903) DI EZ 1} 7 b 0T, 18
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(A, Nb) F—7 SITiOs 35 2 v/ ADOFEHH
Dielectric Properties of (Al, Nb)-codoped SrTiOz Ceramics
BXEI' ZXE? CM) I =F' A0 #&2 &R ', &R P
Keio Univ.*, Nagoya Univ. 2, °Mitsuha Kawasaki*, Hiroki Taniguchi?, Shinobu Fujihara®,

Manabu Hagiwara®

E-mail: hagiwara@applc.keio.ac.jp

HENHERESE TIIEE - ER T TOEMERZET, mVHERRL R OBERT v /3 20
ROLNTWD. £ THAITERE - SEN T CHERDLEREHERICE R L LVFER
MEIOHER Z D TN D, AT T, Tio B ~DT 7 72 B LK —0it F—7
WX TA AU MBI L DFERNE ET5 2 ERRHEEINZR, T TORL OFFERIC X
DET Iy 7 ATIERFEBROIEN RN ENghoTlze. £ 2 THENE, RUSHEHFERT
&5 SITOsET I v 7 A~D AR E NO* &3k F—T12 X2 FERHMEDOZE(L 2 i~ 7.

ABEIRFE Z 1400 °C L T B @EAMIEIZ LD

) _ (a) 700 - ; 30
SrTi1x100(Al12NDb12)x10003 (ST-ANX%) 2 7 I » 7 500 5.0%
AAARTz, =TI XR)IE 00,20,50,100 5 H £
c F2.0% 2
ThY, WTHoOREH EHELSBE(L ST -g 100 e L
o 0, o
7=. Fig. 1(a), ()\CRIRICH T 5 EE & HERL N %
DB L O F—TREREME A2 RS, SRR 2 00 1105
o @
3 F—=7lcko>TmEL, x=50T/ v R—7 O ool =
DRI 2 ORI %R L. 7 BRI o o s e
. . 103 10°* 10°* 10° 10°
T%;i: F—7§:ioftgkﬁé{lﬁﬁﬁ‘%%hﬁi Frequency,fHZ
Ti* A b ~D AP L O ND* O EHLFERIC L -
(b) 700 , 5.0
T, INHO R— 0 b FUOMHBEEL, T - @1 kHz
S h G RIMBEA RN S, SITiOs DR ER Y el 0%
b >
M BERIELEbOLEXONS. BIE, B § 30 8
| -y -
BHAW L LA = XAEWELTVHES 8 g
= r 1200
ATHD. % 200 e F | E
[1] H. Taniguchi et al., J. Chem. Mater. C, 8, 13627 S ol ST - 08
(2020) B R
[2] M. Kawasaki et al., J. Ceram. Soc. Jpn., in-press. Doping concentration (%)

HEE] ARBFoRIE, SCHRF P oy —=x _ : .
Fig. 1 (a) Frequency and (b) doping concentration
L7 ba=7 AR R FCBE & 53 dependences  of  room-temperature  dielectric

e permittivity and dielectric loss for ST-ANx% ceramics
JPJO09777 DB AT T2 DT with x = 0.0, 2.0, 5.0, and 10.0.
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BEER F—7 BaTiO; BFEERES S v I RIZHBITS
R B A F 0D il i

Control of Defect Dipoles in Transition Metal-Doped BaTiO3; Ferroelectric Ceramics
BEAX!, ®Rt3?% £IXK3 LKEHX!
OCM2)AM REEA', E HiL', BFO #H=' FHE /2. kH BE?- R FE?
/INE RS- AF BRC- M -5 A BEARY
Kumamoto Univ. !, Kyocera Corp. %, Nagoya Institute of Tech. 3, Hiroshima City Univ. 4
Yasuaki Honda !, Hiroki Matsuo !, Yuji Noguchi !, Masashi Utsunomiya 2, Takao Sada 2,
Yoshihiro Fujioka 2, Takumi Oda 3, Kouji Kimura 3, Koichi Hayashi 3, Naohisa Happo *

E-mail: matsuo_h@cs.kumamoto-u.ac.jp

1. 5 HEET Iy 7 ar7 4% (MLCC) O/ - @R ELIZhNT, =RV X — T E (Ure)

OIFRA 72210 ERRD 5 TNDHO, Fexidn 7 2 h A NMUBEFHFERCTH S BaTiO; & X451,
T TR EEHEZEL (Vo) BEA LT KIGPHG T (Dactee) ZFIH LTMEIREET 2 H2E L T 72
@, ZHFETICTitE Cu* TR EH#L L 7= Cu(1.5 %)-BaTiO; (BaTipessCuo.01s03-5) £ 7 X v 7 AT
BT, Daeect DEHIHIFNC L 0 &Y (E) ®li5m~> 7 ~ LicoiiES (P-E) FitEE2FEBLL, Uk
L FIHFER (gop) DRIERM EZER L TWDHO, AR T CuxidFe 27 774 &
LT RF—=7L7 Cu(x %)-BaTiOs (BaTi;«CuO3-5,), MU Fe(x %)-BaTiO; (BaTi-.FeOss) &7
v 7 ATRMRR -2 EA L, BULHEEAESS R— 30 FOBEWRIYINE~E 2 DB A L.

2. 3B : Cu(1.0 %)-doped BaTiOs, Fe(1.0 %)-doped BaTiOs; &7 2 v 7 A & [EAHEIZ L 0 /ERLL 72,
v vy ZRE R UIN - NN T, BIET =— L %21Tol-. ELICT 7| 7% OMEHI#E %
HE9E U CERSE S ERIE T T&E L7 =—/L (900°C, 12h) ZMiL, FRETRAH L. BEITE,
Dacfect DFERLD T2 OIZESLIR [ Trom. =200-600 °C (> ¥ = U —IRFEE To) , 1-24h] Z1T-o72. &6
2, oA VU7 [80°C (<Tc) ,24h] ZAT\V, TV T HE Vo h Bk D Daeteer DECH % 1]
L7z, ZoOWBRERIZHABHI L P-EE AT UV AJEEITT-.

3. R EEBLE  P-EHIEDHRER, Fe(1.0 %)-BaTiO; TIE Trom < 500 °C DFREHI FV T Pinched P-E
HiAR 28I L7, ZAUTEGHIAIC K 0 o3& G IS L Th, BFORE=0kV em ! iZH0
THHE AR (P) O/NS WS VTF RAAL AREEDEITT L TWDHZ 2R L TND. = A P JALER
%f?j—‘o f:%%; % ]\\7( /]) :/WVC Ddefect 73)\S Ps & qzﬁilﬁﬂﬂ L/, 7/1/?: ]\\‘7( /]) \/%ﬁﬁﬁsﬁﬁg'ﬂﬁéhf
I/\%) : k 75)% k %%_ %ﬂé Tform S 400 OC “C‘Ji Tform O)J:J-Ef‘ k i@ﬁi Pr 75‘\1&": L/, Tform = 400 OC i:
BWTHRND P=07kVem ! Z8H L7z (Fig.1). —F, Tiom>400°C Tl Toom P _EH-&IELIT P,
DSEIL, Tom = 600 °C TIXH#AA 72 Single P-E #h#R 23 1]
ANtz LLEOFERI, Tom <400 °C Tl Dhetee D2 EIAT
II,I’_ZA l/, Tform @J:ﬁ@:ﬁf 5 Vo"@%ﬁfﬁ@i‘éjﬁﬁ, Ddefect Ojﬂéﬁk
ERELZZ EEZ L TS, Cu(l.0%)-BaTiOs Tk
Trorm < 400 °C "C Pinched P-E H#R MBI S 4177 Trom = 200 °C
TH/MND P=0T7kVem ™ Z7R L, Tiom =400 °C TiX Single
P-E B B Sz, DL EORERIE, F—S0 MZ k- T, ‘ ‘
Daetect DER SN DIREIA /2, £ R— 0 MR LT 40 20 0 20 40
Bl 7R BGLEREEE BNFET D 2 L 2R LT D, AIFFEIC Electric Field, E/KV cm™

£V Dieteer DR & BCFNHIBNIZFE O BB 5> N —  Fig. 1 Polarization property of the ceramics
Sy MEDPKE S HBTHZENB LR, T of Fel.0%)-BaTiOs with Tim =400°C
D&M A TS 52 & T VBN XL X — Ry after the aging treatment.
EREATED LRI ND.

w
o

N
o

=
o

o

N
o

@
o

Polarization, P/ uC cm2
o

23 SCHR(1) Yang L. et al., Prog. Mater: Sci. 102, 72-108 (2019). (2) H. Matsuo et al., NPG Asia Mater: 14 80 (2022).
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EXRRARIz)FEBURESI I VI RIZHEITS
BIEF TR0
Control of electric-field-induced phase transition in Bi-based ferrielectric ceramics
RBAX!, ZEKX?, BEHEPEHEME CROSS
CM2)EFO shz!, KE i, KU #E2 RE #3 BO #HZ'
Kumamoto Univ. !, Ibaraki Univ. 2, Comprehensive Research Organization for Science and Society.?
Suzunosuke Noguchi', Hiroki Matsuo', Kenji Ohoyama?, Toru Ishigaki’, Yuji Noguchi'

E-mail: ynoguchi@cs.kumamoto-u.ac.jp

1. 5 : R T AN A NMUBEFHEIRTH S BiNayTiOs (BNT., ZE[H#E : R3c) & BaTiOs
(BT, ZZ[EE : PAmm) D [E 1A Big-x2Nag-x2BaxTiOz (BNT-BT)iZ, E/L 7 + b1 vy 7 HHEE A (MPB)
ZIERL L. MPB 13 DR AR 3\ TEN - = p VX — R, B A T 2 &bl
ENTWD, MR 7 = Vi EM 27”7 P4bm fHOIELED RIB STV D08, HEH
PO L S35, S & WPEOFERIIC O\ TIEH — IR BRARICIZE » TV W03, KAFZe T
IZ BNT-BT £ 7 2 v 7 2ADO/ERL L Y217\, B HEMAEROGHEL B E 35,

2. FEB : Big—xrNag—x2BaTiOz (BNT-BT) (x: Ba #lik) o7 I v 7 AZFEMEICE O ER LT,
JFRHREOWIRIC L A EMEEZ YR T 72010, Fan—7 Ry 7 A2 AW BEREEZITV),
nominal FH DT NEW 1D/ LIz T I v 7 ARBZER L ERILEZE T I v 7 A%
INTA%, WEEIZ X A=y F o 7 ZN LT, 5672l LT XA (XRD) #HIE, 5
FREFEIE 21T > 72, F 72 Pabm FARFA OFRES 70 AE S OB O 7= 8, By R - BT E
% iIMATERIA (J-PARC MLF BL20) % W Cf1-7=,

3. R & B Figure 1 1T XRD /¥ — 2 &R T, fEanIERIAT OFE R, WTHLOMRIZE N T
N7 Ad A FHEAROREAG S, EISENETOFEN O XRD HIEIZ LY . Ba-poor FHAK
(x<5%) TIIZEHIKS R3c /0 (FEFAEENE) . Ba-rich #1ak (x> 11%) TIXIES &L P4dmm FH (FRE%
wE) THhHZ EEWLNIT Lz, BARFHEFREITHEIZ L U | MPB 1 ORI Tl IE 7 i
Pabm A8 (7 = VhdEM) ([CHRT 2SR N ZE8M L=, —F., &SN Tl MPB {1l
JNS 5 T2 PAbm FRTFEIG NS & - 7=,

SPRREEMECIE R3¢ #H. Pdmm FH O FIRKIC B\ CHEFFERICHAIN 2 v 7 e AT Y A
AR 2B L7=, —F Pdbm FHORBKFEIZB N T, 7= VFERIFFEOE S F e 27 Y &~
AR AN LT, BT Fe 27U AR 280 U 72308 st L, EHEINETH T XRD JI7E
EiToTo & 2 A, BEGHINRIR & HIZ PAbm FHCTH > 7=, T OFERIT 7 = V FEE Pdbm i & i85 E
¥ (PAmm) OB T ARAEBLEHEMEIEENE LTS Z 2R L TR Y . MG X v a7z
BB OBENTRETH DL Z EDRHLNNI o=, £72. 7 = ViEE Pdbm fHIXESS
ELAHHARE I O 2R 72 o R E O BEINTHEL IR LT, KX 727 tifE®R (4,000-5,000) %7~ L7=,

4. #&E : BNT-BT E{E KD E T 2 v 7 A2V T, MPB ff
WTOFAFE T~ = U iEHE P4bm MNP LENL L., BEOE
YF Re ATV ARELNTZ, EREI A% ORE O
AR R ERENT 2> & MLRHIENC & 0 R 2 S AR SRS &
EHRTAZENTE, EUrF ReEAT I R EZRT 7 =
UBEMIL, 7 e AT U v A 2R ek mAHIC
T, REAREDFEREZ R L, DLEXY | a2 ESS
MR L2 RT 7= VBEEEE T I v 7 XL, Filloxr
XUt LTHERETHD Z L ZHLMNT LT,

BECER a7
1.T. Takenaka. et al., Jpn. J. Appl. Phys. 30, 22362239 (1991).
2.W. Jo. et al., J. Appl. Phys. 109, 014110 (2011).

3.Y. Kitanaka. et al., Sci. Rep. 9, 4087 (2019).
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Fig. 1 XRD patterns of the ceramics of
Bi-xy2Nag-x2BaxTiOs.
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(Bi12K12)TiOs—(Bi12Li12) TiO3 ') 5 U Y —i&FEEAD
IR —RriEifstt
Energy storage properties of (Bii12Ki1/2)TiO3-(Bi12Li1,2) TiO3 relaxor ferroelectrics
BAX' KERAILK? L4 EY - ILSHP—X?
CMOEERE XKER!, hE B2 F BE? Zuo-GuangYe’, AE #Hid!, HO #H=!
Kumamoto Univ. !, Osaka Metropolitan Univ.Z, Simon Fraser Univ.’
°(M2) Kotaro Saito!, Hiroshi NakajimaZ, Shigeo Mori?, Zuo-Guang Ye®,
Hiroki Matsuo', Yuji Noguchi'
E-mail: yuji19700126@gmail.com

[#5] FBERT Y XU XIT, BHIVBENOSEFMLZ L OE TRV CEERER %2 5
7L TWW5, B Z/NUE - AR T, TR F —TEEE (Ue) BLOZNHEOUEN
MEIZ > T D, Fxld, BaTiOs LV & RE R EREDIR (P) ZFFD (BiipKip)TiOs (BKT, IE
Jr el Pdmm) ' & (BiipLiin)TiOs (BLT) & OERIATH 5 BKT-BLT (ZEH Lo, HERLENEE
#w (DFT) FH&IC XL V., BLT OfbihiEE & L CEmMARS (R3, mp-1120796) 2 MER I TEY
BKT-BLT | IR AREE R 2k LB B2 T2 Z E i S5, AL TldtE o
v I ABRIRIT, RREE, FBERER X O 3L X — R E O R & R A E AT 21T O
& T, M L EBERWME L OBMRMEOMEIRIZE Y AT,

~
I
~
-

~—

[E8R FIE] FEAEEOSEIZ £ W BKT-BLT[Bi+s)2K1-n1-302L1x1302[1sTi0s] (O : A $4 FZE4L,
x:BLT A&, 6: AV A F2EALE) 6=0,1%. 0%<x<11%)E7 v 7 AZ/ER L7, FEH
KERAT, 900 °C, 4 h TIRBERLZ AT > 7o IBERCY AR Z MERANIZ LW <1 > ME L. 1060 °C,
4h TABERRL Lz, UIWT « BFEEIN T A24T o722 7 2 v 7 AZEET =— L& i L, Pt &Mz A%y
HIEIZ X VR L TRIERE 21572, 26 OEHIx L CTHEEBERIELERFEM., ot 271 &
ZWEVEZ ST U7, 72 B EINETE OREH S 5 X BREHT (XRD) BIE&#1T-> 72, BRI
B OFEHI R U, BAEITHIE E TEMIZ X D RA A L BIEZ1To7-,

[#E 5 & &) BHENATRREIORESAEEMIT L V. 1% <x<3%(=0%)IZF\\ T, Pdmm A &
BENL T e O R 2 fER Lic, — 7. BHANZFEHZ B W TIX, 9% <x<10% (6=0%).
T%<x<8% (0=1%NFIEERBAFAET H Z RS, Figure 1 12(x, 6)=(10 %, 0 %)akftD
in-EY; (P-E) & A7V U ARMER OVERE E-EY (JE) B AT U ZRME% 7”9, Pinching
L7 P-E N EL., 2SS L T4 DD — 7 28> J-E il 280 L7-, XRD HlE Dk
REHLET, INDIEES M (V7279 —H) & Pémm 8 (REEEH) O RH22MHEEBIC
kT 2bDEEZ NS, MBFRERIETIEHERON EABRIS, (v, J)=(8%, 1 %)IZ
BWTEWEFEERS = 1400 & Uee=0.69 J cm> #5372, B ERIBERIFIEICIB VT BKT (x = 0%)
TIE T=300°C s CHRWRY T 27—

—IRFH BN S0t L, x :
>3 % CIEERERERIZIBWTY 773 |
M/M
‘s\/ﬁ

60

Ferroelectric i
30

3

o

—RAOFEESIBRPRLONLTZ, (% //
8) = (10 %, 0 %)DFET[EHT & TEM BRI 0

BT, U 77 —FA OB EGL & 52 / Relaxor
FHIRTF ) RAAL AEEP B S LTz, Z

h % @%%7})) % \BLT {Eiwi%bu & A 'H‘ -60200 100 0 100

A NZEFLOE NN Ergodic 72V 7 7 H—4+H ' '

30

&

Polarization , P/ uC cm=2

Current Density , J/ mA cm™

.3

N
S
3

I

3

3

-100 0 100 200

5 Electric Field, E/kV cm™ Electric Field, E/kV cm™
ZET D T EDIRE N, AR K
v, Bt (U7 7% —4H) & Pdmm fH Fig. 1. P-E and J-E properties of BKT-BLT
(TRFHEEFE) Mo R[22 B AR EEE 3, ceramics with (x, J)= (10 %, 0 %).

Urec O)lﬁjhb:%"g‘—d—é Z & Zﬁﬂf\‘uﬁéhfio

[Z%C#R] 1. M. Otonicar et al., J. Am. Ceram. Soc. 93, 4168 (2010). 2. A. Jain et al., APL Mater: 1,
011002 (2013).
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¥/ PIFORIGEEEIZ K S BiFeOs—(Bi2K12)TiOs 3
ERMEBEI I VI ADEH
Fabrication of BiFeOs—(Bi12K12) TiO3 Lead-free Piezoelectric Ceramics
via Reactive Sintering of Nanoparticles
BXETI, OBX B#, &R 2, &R F
Keio Univ., °Tomoki Hashimoto, Shinobu Fujihara, Manabu Hagiwara

E-mail: hagiwara@applc.keio.ac.jp

RESNKRIZHEER Pb 25 0IEROEEL T I v 7 AMBIORE L LT, Bi RMERIIES
nTuns. BiFeOs—(Bil/zKl/z)TiOs (BF-BKT) 2D EEIAIL, 0.6BF-0.4BKT DAkt IC THENZE

BAEZ R TONL], EF OBEFBIS Y 7 A TIIBERFHIC Bi X K MR L, JEBRENISEL
TLZEH[2. £ZTHxIE, BF BLOBKT F /KO GEERKIZ L5 0.6BF-04BKT £ 7 3 v
7 AOIERUZID A TE 2. ZRETICY VRS —~/WEIZ LD BF F /R L FEMIEIZ LD
BKT F /R D JRSBERE &2 3723, AL FEFAD D DT L D | F X v 7 ZADOMkRMEN R
+aTholz. £ TAHENE, BF -/ KFOEMITIEL Y V-T/AEIZEE L, [EFEE BKT 7/
ki & IS BERE S C 0.6BF-04BKT £ 7 2 v 7 A& ERIL 7=,

Tl 2 SRR & 35 Y L-Z L ikic L BE T/ ki = .

. o I

TEARL, B BKT J ki & 0.6BF-0.4BKT @ H = . ol el methos (‘
L 725 £ D ICR—AIATRE L. CoRaY g1 1 T sl |
\ S S A [/

Ry MRICERE L7Z6 &, K& FIZT 840°C £7- N ﬂ

‘ . _ E ' Solvothermal method fj\

13920°C DIRETAhBERLL, BT I v 7 2 &/FRL 7. E ;_JL,) ;

_ ) |

Fig. 1 (2 BF 7/ Ki+® XRD /8% — 2 %4, V' Jb- | N I W ) i
o 20 30 o 50 60 220

FIARIZ K o THAIZITW BF F /7 ki35 b, 7z 20 2d

Fig. 1 XRD patterns of BF nanoparticles synthesized
VLR Y —< WIEIZ R TETE— 7 OAEIEA /)N X <, by solvothermal method and sol-gel method

FEERPERNE N LRSS, Fig. 2 ICKIREETRERRL LT
0.6BF-0.4BKT t 3 I v 7 ZDMBELA =T, Y- 100 ' %

7 VEBF F ) ki % V- 0.6BF-04BKT £ 5 2 v 7 q /"'\
ALY AR —~ L BE T K% A= 3EHE 0 | Sonenemanehes
HEELIC E D ER A E L7z, —J577C 920 °C DRERLIC
Ko THXBEEN 99%IZE L, YARP—v/EIC X
% BF RiFZHWESEE LD b bIBERET I Y

[(e]
o

Sol-gel method

~

Relative density (%)
3 3

[o)]
o

800 900 1000

o/ 700
7 ANE LT, Temperature/°C
[1] H. Matsuo et al., J. Appl. Phys., 108, 104103 (2010) Fig. 2 Densification curves for 0.6BF-0.4BKT ceramics

prepared by using BF nanoparticles synthesized by
[2] M. Hagiwara et al., J. Am. Ceram. Soc., 98(2), 469-475 different methods

(2015).
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AC-poling and piezoelectric properties of Mn doped Pb(Mg13Nb2/3)Os-
Pb(Zr,T1)Os single crystals grown by solid state crystal growth process

Hiroshi Maiwa?, Yushi Yamagata®, Yu Xiang?®, Xi Chen!, Yohachi (John) Yamashital? and
Ho-Yong Lee 3
! Shonan Institute of Technology, Japan, email address; maiwa@mate.shonan-it.ac.jp
2 North Carolina State University, USA
3 Ceracomp Co. Ltd., Korea

The single crystal (SC) with AC poling cycle (ACP) numbers up to 60000 exhibited
piezoelectric strain and charge constants dss = 1130 pC/N, gs3 = 44.6 x 10°Vm/N, figure of
merit (FOM) = ds3 x ga3 = 50.6 pm?/N, and low acoustic impedance Zs3= 30 MRayls, which is
20% lower than that of Bridgman growth SCs.

The Pb(Mg1/3NDb23)03-0.3Pb(Zr.Ti)O3 (PMN-0.3PZT) SC grown by solid state crystal growth
(SSCG) had high mechanical quality factor Qm>500 and low loss = 0.3%. In addition, the
piezoelectric response (dss> 500 pC/N) remained after thermal annealing at 250 °C without
any poling, which is called self-poling. And the ACP SC showed a 13°C increase in phase
change temperature T,:compared to the DCP SC. This information of ACP SSCG SCs with
excellent thermal stability, better Zzs matching to water, and high receiving efficiency
contributed by high gs3 gives a new insight of ultrasonic devices.

3500 100
3000 ]
e ° o ° 1 80
2500 =
) PY ® 7
5’ 4 60 ©
;é’ 2000 2
" 1500 | 0 ¥
= s
51000 @
{120~
500
® £33T/€0 €33s/€0 k33cal k31 kt
0 0
1 10 100 1000 10000 100000
Cycles

Fig. 1 Cycle dependence of piezoelectric properties of AC-poled PMN-0.3PZT SC prepared
by SSCG.
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KTa;_Nb0; #ER DI NEET TOFERFE
Dielectric property of KTai1-xNbOs crystals under eternal stress.
E#SMEWREFEXRI, CNDER XIF, §H ke
Engineering faculty of KUAS, Daiki Takahashi, Tadayuki Imai
E-mail: 2024mm13@kuas.ac.jp

[1 T ®IZ] KTarNbO3z (KTN) #idhiTER2BEX AR THONTMETHY . HROME 2L L
HIENTELRE, BRNFDHRIEN BN E BT Z LB ifFah T\ D, KTN OEERNR
WK DEAT, TNEHIADPHEREEZ DERITZRY . S ISR L0 EITRE(kIC &
STHONBERENED LD, EXNFT A ZAOHFEICB T LHBEREHRTH D, —H. KIN (2
FIIN4 2 MBS X2 BATFER 22T, ZHITEEDROFOBLETHL Z LR HILT
WAL, ZOBRIZHOWT, KTaOs X° KogslioosTao7sNbg 2703 IZ2W T OHERILH 2 nHE ) F 7
LTI EN TR KIN (ZHOW TR <, SREFH LR, U F 7 LMD 720 KTN ~OfFEIZ K -
THRATIFBREEZREL, A DBEBEERORMED Y 217020 THET 5,

[SE8R] KTN B~ e v 7 o bl & FlElZakE Sl ” v > 7 1 L IRESRIEZITV 2>, Zh
LOT Oy JIRBEENT T, EHICINHDT vy ZIZLCR A—F# —ZHIiE L CHFEREZIET 5,
i EL A 5009 ~ 2000 g (ZF%E L. SJ7ERD B EST i~ DOARERBIRE 2 S D28 +1°CH H+11CRITO
EROMBEZPE LK L, KIN7 7y Z 0% A4 XT40mmXx32mmX1.2mm THH ., 2 40 mm
X32mm IZEMEEZ S 9 TEY ., HICZOMmICHEZIT 2, HEBEBIEEIX43CThHo7,

[ 2R] Fig.1 IZE 2T & 2 FE R O EARIFIEDEAIZ OW T, AREEBIREE ) & D73 1CH 5 11°C
FCORMTHE LR EZRT, MEEIFEROWE)yTHY | WEICIDELNFEEL TG
EOMNDDFEGEI - TWD, Fig. 2 IZITEEEBDREL(LIZONTE LD LD TH S,
Ko.osLi0.05Ta0.73Nbo 2703 {22V T D] T & 2 SCHK[2] TIE Qu 13 0.07 mY C2REETH V) | BIsiea RAT
REPFOLNTND EEZBND,

25 , . . 0.10 : : :
o TTc=1K o : ' : ' '
20 3K 0 . . 008 | Onde Qi S S
ooo5K % — : : : PO
3 ' ' ' ' '
s~ 15F o 7K o o g © 006 f--votoieide i Onebemae i P
S v ~ ' ! h ' Y
= v 9K ) R c ' :
S0l e 11k © v i =004 |.o... RS SO SO S deeen. J
] (o4 : : : : '
3, v ' ' ! ' '
05| . i 002 |----- e b deaees A S 4
o : ; : : ;
. . . 0.00 I i i i i
00 : 1 = 20 0 2 ) 6 g 10 12
Stress (10° Pa) T-T, (K)
Fig. 1 Stress dependence of Ay. Fig. 2 Temperature dependence of Q.

[#EE] ABF7EI% ISPS EHIFE: 21K04714 DB %52 7= b DT,

N
[1]. H. Uwe and T. Sakudo, J. Phys. Soc. Jpn, 38, 186 (1975)
[2]. S. Kawamura, T. Imai, and T. Sakamoto, J. Appl. Phys, 122, 114101 (2007)
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J01 REFRY b 1R, 2R, 3 RTNESHIH
1D, 2D, and 3D Assembly Control of Colloidal Quantum Dots
HH CEMS' °k B¥', 4z ', Retno Miranti’
RIKEN CEMS', “Yong-Jin Pu', Kazushi Enomoto’, Retno Miranti’
E-mail: yongjin.pu@riken.jp

auf{ FEFFY QD). 74 A7 L A -LED Mkl e L CEALBEE > Te 0, KEGEM,
L—H—, vy —, FPIvyRX BEHRT, BOUTRER., M AA XA v 7 e
i, B o v v a—2FT F AL RICHICA T ZEHEERT N4 ZAMELE LTE L DfF
H#%E» T3, CsPbBrs <1 7254 b QD (PeQD) DM E,(F / FEESES L 7245 5) Tl
BHEOMEREICH 28 F F v P 2 EMGHE L ARSI 2 BHEE 23 8E S Ts v 2 QD
C3H e 2 EAIRECOR RN - ETYMEORRICEL L DFHBEE >Twb, 284 F QD
TlE. B4 R BRBCAL T IC X 2 REMEARIC X 0 ERI 28 - Bok{b. QD FEIFEHAME o 5 % il il 23 Al s
Th Y., HEEGIKE T QD FAIRRK OFIEHICHERTH 5, ZHIRIE Layer by Layer (LBL) %
I X D ESLL 72 CdTe QD FEJEIECIZ. QD M TOETIRREDFES A, FAMRFE ST HICRITHITH
b, 3 XoLEAKRETORTH LI HK T 2T EAEROEHREOHIEHI TR T AT
51, 224 F QD o#EEEA R oYX OFHIEIL, EAY - E17 54 A~DIcHIcE W
TITRIRICEETH 51CH b b3, 2 OWFZEHliZ4 7 < BLHIHI{HE o NEE X IGER L Tw 5,

CsPbX; PeQD TOE T N4 RIGHTIE, B HIRERS & &M% CHIfH L 72 PeQD EHHEARIE K 23
HETHD, AV a—MEEZHOELEEREIC X 25 LBL BEE3#HE X LTw» 523, % PeQD
JEOERIELDE8HY, Vv h—DBEARIMEN &) ELH 5, A, CsPbBrs PeQD
DIEHIRTE LBL iR IC X 0 | BB FIRFERE A 23 3 Hil{H & 1172 PeQD % B O ERl I X UE Rk
FH I DWW CHRE LT B [2]. LBL IEICE W T, PeQD &2 b OHMRG| EWHEE, )V vh—%
X AR O A ic X0 | B ICHIE & 17z PeQD B O L AEfE(LICEK ) L 72, PeQD % B D
N e — 27 1%, LBL TREBUCH L CHIZICHEIM L 2285, Kz paF—filice 7 b L7z, XfrH
1 - BFIRMEBREIERIC X ARG, B R~ 27 P VEIE, Fo - FeFEmOmEKEED S .
PeQD % JEEANIC 1T 2 HIAN T ~DFINW BT Ay 7V v 72 LT L e,

ST D CsPbBr; QD -/ A& i Cld, 6 H D 2R IZFMTH V. B 2FPE DS T %
BRI BCAL T-25Hs - (B8fi3 2 C & i3 CHEECH 2, LoL. AEHER LICERL 72 PeQD
HAJEVEELIC 35\ T, PeQD DN T D 4 D OfEELIH X PeQD HEICH TN TH Y | AT D
THIZER TS v EHNZZERTH B, LT HmNITA & mA T 1A TR T v 5,
AR RN 5 X OFEHRIEIC B W, AT & MV TRITORR I - e —2r v 7

kA5, SLITHRIR PeQD DT & AN T ORI A E FIRREDTERK %2 B & 2212 L 72[3].

Dip-coating % ¥ & WA annealing £ Z A G D FEIC X D TEM grid ¥ 7z 13 5 HAK
112 PeQD IS FHIZAF AL U 72 FBIIRE 0D IS B 28 S 0 VA M o0 FBJH 23 PeQD 0 FCHI A HH 12 K & <
WEEE 222 %HL2IC L2, TEM ER D FFT ¥ X OHlRAEE TR BT 1L, PeQD 2°
ERICEY L 288 T iEO R EZ R LT\, £z, Wb icE#ilh T2 a2, R
AARR[EFEHATICE T 2 B Z B L 72, TEM &2 b BLf 78 E 0 &k X - T PeQD #H T
AN ok THEHRAHE X3 2 2L L, 2D XS Rk FREIEEEOHIMIC X v,
PeQDRIOETFH vy 7V v 7ick 2% - EFFEom EAMGEI NS,

[1] Lee et al., Nat. Commun. 2021, 11, 5471. [2] Enomoto et al. under review. [3] Miranti et al. under
review. [4] Enotomo et al. to be submitted.
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ARMEHEBEZEBE AL LE-AIFOLZWRAEEMEOREL
Inter-Element Miscibility Driven Stabilization of Unprecedented Ordered Alloy
RXIEB !, RBEXERGER 2 AXBEMtEL 23, RXRE4
BE BE, LB BRKX, ILFE BFE2 Ik 8183 58 FA
Inst. for Chem. Res., Kyoto Univ. !, Dept. of Health Inf., Meio Univ. 2, Ultramicroscopy Res. Ctr.,
Kyushu Univ. 3, Dept. of Chem., Grad. Sch. of Sci., Kyoto Univ. *
°Kenshi Matsumoto!, Ryota Sato!, Yasutomi Tatetsu?, Masaki Kudo?, Toshiharu Teranishi® 4

E-mail: matsumoto.kenshi.3r@kyoto-u.ac.jp

B4 O R R T T T BEAFAE T D00, EBRIC AR O B 2 S 1T B ) F I K
DL b PFnTH LN, SEE, T A RRIC L Y ELERER T R ORERNSERE SN D
LR TE N, AR SN HELREROIE L A L BBEMORE S THh 0 B Fms S S OB
RITRR & L ORBFEIRCH 5, AR TIE, BFRICLIER L1, (CusAu) #Ed LU 41 #iE
DIHREBI DI % FePds Ba1Zx L, Fe &IXEE TE 2008 Pd LIXEIRFREZR In ZEHEAT 5 2
& THIBID 78\ Z3 BUEE DRI L= D THET 5 (Fig. 1) ¥,

Fe-Pd-In = c&& T /K1 DG RIT,
A1-PdIn,/FeO, = 7 /3 = )V (41-PdIn,@FeO,) <, _0*@ SRR
F BT ORTAMEIC L ) otz 20 % immiscible  CRERERE

FEER. L1 %Y FePd 1% & bet-PdsIn #E3ED

In substitutiony

to Pd :
It AT - 4% y
PA 1R R & A5 58 CA LA LT Well-known phase o Unprecedented phase
Bk bid] - sl L1,-FePd, Z3-type Fe(Pd,In);
feAl (23 B Fe(Pd,In); #51%) % &> /KL
o - W . Fig. 1 Unprecedented Z3-type structure stabilized b
TSN L%, K XRD /S5 — g. 1 -np P y

inter-element miscibility
> @ Rietveld fi##T, I & QYR /3 fiFhE EDX

TRV ECTIZLVALNCLE (K1), £2C, 23 AEERELORFIZOWTHHRD 72HI,
UK FePds &4 TRV AR E 72 L1, WS & 723 B O = p L ¥ — 2 i — R EEHRIZ L
BHL7EZ A, BFEomREBHR LR o2 5A10T LL BEED N RE TH o722, In &R U
FEEAEME A S O% =t (Cd, Hg, T1,Pb) % FePd; 54 Pd & E#: L723AIC Z3 BIREE N LB 7
DT Nl HEDIZ In ORIV IZ Pb & HWTZEEIZ, Z3 1 Fe(Pd,Pb)s 1 1&E DAL AN fHERR S 41,
=R OTTRE MBI A BRE) /) & U C ZB RMEN R EL SN Z LN FERES LTz, &RIC, R T
BB IREBEE (DOS) % In DFMETIE L7z & Z A, Fermi ¥EAIUI5 TP DOS & d /N2 Nig
WCHBERENZ SN WBELH - (LSRR RE & W 5 BLR TEHURYIC Z3-FePds MEIE N TR S 72 2 &
WMoz, AHFFEO—HIL, JST-CREST (JPMICR21B4) BL O~ 7 U 7 i U % — 5 o
V7 T HEOKBILES>THELNELDOTHD,

[1]R. V. Chepulski et al., Phys. Rev. B 2012, 85, 144201. [2] Z. Cao et al., Nat. Commun. 2017, 8, 15131. [3] K.

Matsumoto et al., Trends Chem. 2023, 5, 201. [4] K. Matsumoto et al., Nat. Commun. 2022, 13, 1047.

© 20245 [CHMIEES 08-002 9.2



16p-C301-3

&R - ARESAEBEHOFRREA H=-XLOBE
Consideration of Novel Photoelectric Conversion Mechanisms for
Metal-Organic Composite Photovoltaic Cells (MOC-PVs)
SRARFFIERAY)2a—2a VXL IMNIERE? ORA #F YV, M &2
Minebea AccessSolutions Inc.!, NIT, Oyama College?, °Nagisa Matsumoto'*, Takehito Kato?

E-mail: nagisa_matsumoto@minebea-as.com*
1, HER

AEDOFEDFEIC TR RO L F 5 o7 v axy NEZEAEDE S Z L T
BeBETOIHONBELEREFNER LI E2WE L, ZORFITHRLER O DIEITMH
BCEILLDOD AN = XALENRYIRIRIETH D, Z DFFEII 72 IPCE AT KL OFERD S HfH]
N TR RN EEIR LTS, ORI TIXAR WV O T D BIR TRV & OFEZ TE =,
AlEl, F—H H BT L CTREA N = X LDELEZIT, RS- O THRET 5,

2. EBRIER:

FEMELTITO £EXFTOZHEL, ¥4 AV)7 F&Y KRR Y ~—(LL T TiOBu)& A B =2
— b U OB, 2 O%ERT /K% a— b, kA —/Vilgikfg & L C PEDOT:PSS % &4
DD % AR L LIz(Fig.l), MkA Az CTE% R5 %, TIOBu OANEARIREE 25w O %
o> T MK-2 53 D 0.1%IAHKIZ 30min iZ& 35, 7 7 &7 % —Z258 & LT TiOBu % [60]PCBM (Z
Wiz 5. BilECHkE & R & PEDOT:PSS MOIZ P3HT 2 22— ~ L CHID K —Mh5y 7 CHed e 8 H
ER LTz, K% O TV EER L IPCE A7 "V ERIE L, 2o b % 7=,

FER. FFEAEY 72 1000nm (ZHNT TTERSC D e B HERE S T2 A . 300nm DL BV 23k » B
THET2FEREEROMER & L TR ESNZ(Figl), 2Dt v hOHBORE LIV h—T ik L
LT 7 LTV DRk bR S Lz, B, [Al— D% )V EEE D IPCE AT MLz
HIE L& ZA—J57T 320nm O E— 27 73 300nm ~3 7 M3 DR R S hvT-,

3. EBE:

PEDOT £ 7-1% TiOBu D E'— 7 OB O w[BEME Z Gt 5, TiOBu % [60]JPCBM IZZHE LT A
A7 VB LR, F728RE PEDOT ORIZIEWVIRE SO P3HT 2 —J8 AL T H T P3HT
DOE—7 NHETHREDSE, X 0RINAFIV PEDOT TIEHMER B — 7 121372 B/ & T4,

VI EDOENS ZDOART MVORATIRT i REERICERNT S EE 25,2508 =7 L 1
DOOHTHT HND Z LB EMEANL— MEFig2 (ZRI@Y 3:@0 H Y 1T kRN
T2 ROIFAH LAESTOEQ@OHBIEANE# T2 O LBERTIETHET S, 08
F R RERE TR O RiL, ERRERENMIN BB T 2B TH D ekt ChiMZ2l 2T
HHEICE XA 5E ] OFELERRFCHAT 2 2 S22 D BEFORR & FE L,

COBEEMENRLO LT HID, KVZANICEREZITV., YHERT LI & LT 5,

PEDOT:PPS

IPCE spectrum

R DIER
@ 300nmv—%» . PCBM-AG-
- ITO-PCBM-Ag-PEDOT

AgNP 0.025
TiOBu

glass [TO-PCBM-AG-P3HT-PEDOT

Fig.1 Image of device structure

0.015 FTO-TiOBu-Ag-PEDOT

e- €~ JoB/UF

® 320nm B—72 —— I[TO-TiOBU(180°C)-MK-2-Ag-PEDOT
. . ' LUMO
BRNED |4 1 BEBOT Y “_® 1000nm ETO —— ITO-TiOBU-MK-2-Ag-PEDOT
e- LuMo €- [ @ -PSS H T — Lo
1 <- R e
l ® 0.005 | - . —
'
TiOBu
| wowo| 0
(3L e- 300 400 500 600 700 800 900 1000
HOMO (nm)
Fig.2 Mechanisms image Fig.3 IPCE spectral measurement results
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BROFKEEH#S FTRERE L= Si MAIFO
IRILX—F vy TEHHl
Energy Gap Evaluation of Si Nanoparticles Terminated with
Various Hydrophilic Organic Molecules
BINRIK, CMDRT Kk, B @, KA &— KF = BEX 244
Toyama Pref. Univ., © (M1) Taisei Matsushita, Hayate Tanaka, Yuichi Ota, Hitoshi Mizuno,
Kimihisa Matsumoto
E-mail: u454023@st.pu-toyama.ac.jp

Si ORI I AERICEE DD AR CRIEA T T Z &0 SOMERM SO NA <=7 U 7 v
~OISHT 272D OEBITON TN D, L, Sihi172 & %< @ SiF / #EEMEHIERE
BICERE D KR THIGS I TWD T OIZBKEZ R L, EE~OBIFIEMENZ & RFREE 72 -
TWD, ZOMPIFEE LT, HAIXTIE TITBKMED IV AR W% Si ki1 O RE KR T D
Zricky, REAKICHETHEET ) a ki OERIAZEB L CE L,

—J7C Si BRI T- DR IEIT— AT 900 nm LV FLWVIRE —FRIMETH D03, ARIGHT 579
(VT AER DR L FEERL 2 1000 —1400 nm TORNKDSLETH D, Si ki +DOFITE DK
HIEN OB B EZ T 5720, REOD L > TREE TORNEE RIS 5/ iEENH
%o UL, ARONFEERETEAEELY 7 bS5 -DICRKERBAREAES T2 B H
LA FORNOIRET 22 LT CTHREETH S,

Z ZTCARIETIE, BT EFEHEE AW T ST R ORENBKMETH D VR TR
LIEBED TR —F v v T ~OREZAMN L. #IRICE > TRER TORNO RN H D W
WAV ETRRD L BHE L,

AWFFETIZ, VY bs3E LT Gaussianl6 D% FEERLEA%L (Density Functional Theory (DFT)) 5%
WCEHEAT o 72, AWZIBIE & JRIRBIS U224, B3LYP & 6-31G Th b, ol Ry
BRIL 7 1 B4 U E(CsHe02), ~ LA “BR(CaHaOs), T L fiB(CsHs02), 7 A b BR(CoHsO2) T 5,

FK1LICSin 7 TAZ—DZXLF—Fyy TflHZ 0ev & LIk ED Siw 7 7 AF — & K
L7 Siw 7 T AZ— L DZRNF—F v v T7OEEEZ R, v A rBrifmIgictEdox
FNF—=F % v LS/ TAZ —DZ X LT —F v v 7 L2868 eVIKVMEEL 2D | i
NWR VB E RIS T EDEEHARESEL LT, ZO/RRLY, v b A Uia Ktk L
L FITRDEAEEN Ly RO 7 M HAMREMR S VT2, A EIRRGE L 72 BUKEA S 11—
OANRBETEH DD, MU G AV AR OB AR B CREE LTSI 7 7 A X —DT )V
X—F ¥ v TFHELITV, AEROATFEIBEE CRAEEN L Y R 7 5RO & 5 #& ik
EHETLHTETHD, BETIE, ZOFEMER IS THERAMS 1 CRmKE L7 Si fhz
T DONFHRHEZ AR (FERIMRGE) (O THlET 5,

Table 1. Energy gap difference between bare Si nanoparticles and Si
nanoparticles surface-terminated with various organic molecules

TOEF VB | LAVE | RVyTUVB | A B

Energy difference

0.395 -2.868 0.395 -0.762
(V)

© 20245 [CHMIEES 08-004 9.2
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Ge A7 SiEF Ky F2RALETA /0T 4 RO Do DERFENLFE
Room-Temperature PL Properties of Ge-Core/Si Quantum Dots

Embedded into Poly-Si Microdisks
1% KT, 2IHP - Leibniz-Institut fiir innovative Mikroelektronik ' #13 FE#E, 2Yuji Yamamoto,
2Wei-Chen Wen, and ! /& 3Tt
"Nagoya Univ., 2THP - Leibniz-Institut fiir innovative Mikroelektronik  °'Koki Hosoi, Yuji Yamamoto,
2Wei-Chen Wen, and 'Katsunori Makihara
E-mail: makihara@nuee.nagoya-u.ac.jp

FE> 74 b=y 7HEMRIKST v 7 ETONEMOEROT-O, 552 XET DR E LT\
Si-ULSI #ififi 2 AW/ Si° Ge T+ Ky R ED Si XR—2DF /#iE 2 Eie~ A 7 o HLiRER

L —Y— DG /A T TV D, ZIVE TIZF 4 1%, Byl Si0, bz SiHs 3 XY GeHy
® LPCVD #4252 LT Ge a7 2#NE L Si BF Ky "AEBE EEK T, =ik
TIEFRIEIRD 7 + MVI Ry B APLB LR L2 ha /LI x v ARRBOLNDL D

k%%&ﬂ:bf%ﬁ_[ ] Kﬁ Ti Ge =27 Si i%]\ P ENERGY (eV)
NERNBLIe~vA 70T 4 ATEEEER L, ERT 085 080 075 070 065
O PL Hpf 2 5FA L 72,

SEER > (LU L 7= p-Si (100) H#i i2 TEOS-CVD (2
£V SiOx(~100nm) [ Z HEFE L 72 %% . PECVD (2 XV
SizNy(~500nm)Z Bk Lo, IRIZ. 7+ U VY 7T T 4%
FORIA =y F U7 TRALEEAAOIMIC, =& X%
X VR RIS K0 EA~500nm O Si BT — &K LTz,
Z D FE~250nm @ poly-Si % H#EFE L 7= . PECVD
(2 &V ~2nm @ SiO EZTZAL LTz, £ D%, & Ho AR
SiHs B XN GeHs WA ZFAWNWT, Ge a7 SiEwm T Ky b
TR « —fEA(~10"em?) LTz, D%, ALD IZ X
VD SiO, BE(~50nm). SisNy B (~50nm)Z HEfE L7=1%. 7+
NIV ITIT74BIORNIA Ty F U T 2TV, EEE
~6um D 5: e Z 7 % & — 75? ﬂ%’ﬂz L/ 71:: . %?& L: R 1400 1500Wr\?2|_£;%)-n.1|??,?n)1900 2000
SENG/SIO DT = b=y F U 7IZLD Ge 27 Si & : .
F Ry NP LT~ 7 07 A AT HEEIH L of s the Si-QDs with Ge core embedded
72, 2R PL 38K VW‘HEW(?EZ§Z976HHI\ H 710 into the microdisks, and (b) on SiO;
~1.3W/em?) & IV TRl L 72, without patterns. SEM image of
HEBELUEBE>SEM B0 5 HELE~6um O~ A 7 7 microdisks is also shown in the inset in
£ A 7%3_@3?/55275%@ 8T & (Inset in Fig. 1(a))., Z DO Fig. 1(a)
EO =R PL & & Ltfk% INZ—=TBR L TV
SIOZ H%J: ﬂ:/E‘Z L/f\_ Ge = 7 Sl EA‘% ]\ b4 ]\ k I—H:j%fé? 7 0.85 0.80 E%EEGY ée%) 0.65
1 — R7R AT R ILRER &5%%6 Enb A7 uT T ' ‘
A AT B AZBT D Ry haDF A= 3M
il C&ETWADHZ D05 (Figd (a), (b)), LL722N
5. Si0, 3 L W poly-Si JE TCOHIRIFRO L2 o7,
Z 2T, SisNWSIO, BE = v F » VERET HRTORIEIC
BT (Inset in Fig. 2), [FAERIZ=IE PL 2 E L7 & 2
A, 7= RRART MVICEE LY v — 7R M5 50
ROLIL, HETE—7 OEEMBIZFRRBETHY | F
Y R RIBR13~70nm Td - 7=(Fig.2), Ge =7 Si &1 K
> N B OISR 1500~1900nm ThHHZ L& &t
L:\ Si3N4 @Eﬁ$%%%Té k ntu&b %nﬁ_ /’\7 7
725 513 B RA~1620nm IEFIZ BT D Ry b D3
73 SisN4 BN C whispering gallery mode (WGM) CTH:R L
TV D ATREMED B, 1400 1500 1600 1700 1800 1900 2000
FEER > SiNL/SIO, TEON- Ge 27 Si®gF Ky M4 WAVELENGTH (nm)
BT D poly-Si vA 7 T 4 AV (HEE~6um)IZ# K  Fig. 2 Room-temperature PL spectrum
976nm 0) YERELZEZA, B Ry b3  of the microdisks with a diameter of ~6
SisN4 IZF1T 5 WGM HRIZER S 5 v v — 7 25 508 ggN}’efore remt‘fwﬁ of SisNy layer. Tlhe
et T & ni-. hownlirrrﬁlgl: ir(l)sett e structures 1s also
3CHK >[1] K. Makihara et al., Nanomaterials 13, 1475 (2023). ° '
BEE> APt o — 1, EFEILRIF TSI A (A) 18KK0409 D31 % 51T TiThiiz,

PL INTENSITY (a.u.)

PL INTENSITY (a.u.)
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EHELERERERZEELE
ERELEYMT / HFIBERDER
Preparation of dispersion solutions of metal-oxide nanoparticles
to fabricate their solution-processed semiconductor thin films
WXL, CM2)Zkk E AW P, ER EA
Yamagata Univ., ORen Saito, Manabu Ishizaki, Masato Kurihara

E-mail: s233755m@st.yamagata-u.ac.jp

[ S TERANH RN TN TN D a7 24 N KBFEPSC) DA #h=:1m iz, )
2 p B O n BNSEARE ORNNEE L 725, PSC OS8R, KR - W7ok AT
BIRATRE R AR EAR N IR FIF &N D, LENE « Wik D805 B8R ORI AR D Hh
DM, TFRAFX—HEEOENA NSy X EOHAGE, £20%, BRECTIIEERER T 2 AN L
ThOHABENRENTH D, 22Tl BREPEEREOKIR - ke mAEs B LSRRt
¥y ki f-(Metal Oxide nanoparticles, MO NPs) 73 #iiZ D%l % H g L 7=, MO NPs 73 UK D}
BEE LT, YA XHEO7-912 MO Kifi & 58 < AT D R8E D TR S, TOREDT
DICEIRT 2B ARMEE L 725 |, RIFE T, SR & /WSS E TR L, A5 ICHiEE
AIRE7R 7 X VA T MO NPs O G AL & i b 2 fEt Lic, ARBFZECIEL, n Bkl L
TSN, =X —%7 v h& LT,

[EBR] 2-=F A ~FH UEEA X (Fig. DIZK, A OT I &2MMZ, MERSE HAWT
200°C C 24 BEIINEA L 7= 2 DNzl E A ¥ ) — )LV THE L, ~F Ao s w7,

[FE 3R] flix OERRIZ KV IREDOH RIS L TZ, Z O X BREH/$F — 1% Sn0, DY 7 F )L
WRE—v b= LT, KOBWIMZLY AafEmBirt L2 E0n | KBV O LKLY
~OEARE R LTz, EAREFBMEISEMIR LV | 55172 SnO, X 20 nm FRE OfEE T
& o 7-(Fig. 2). SnO; NPs 4 > 23 Bk O BEEEELDLS) | E L v . 4+ TiX 100 nm
FREEL 1 pm OBEMRNE N TVT=(Fig. 3), AREFICILIENEEMT 5 = End . FHHir#E
ST I RRE E OWE RN EL L BEARE LB X 6D, RIFRIZBWT,
7 X UFEE T D E O Sn0, NPs DA ks X OV O3 HUR O/ERUC R ED LT, 514
BEE PN 2 FIEDRR ., 7 2 VHERIFIC L DBRE~DEEIZ O W Il 2D T <,

80
o o <70 } Avg.(nm) : 1413.7+2775.5
.sn._ 560 -
o} 0 £50
240 F
030 F

Fig. 1. Tin( Il ) 2-ethylhexanoate structural formula. _1'1:_320

£10 I|
0 -

Lo
1 10 100 1000 10000
Particle size / nm

Fig. 3. The particle size distribution of the SnO, dispersion
solution from DLS.

(1 R. Suzuki et al., Sci. Rep. 2021, 11, 1-13.
2) P. Li et al., Chem. Mater. 2010, 22, 4232-4236.

Fig. 2. SEM image of SnOx.
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Correlation Between Assembly Orders and Performance of PbS Colloidal
Quantum Dot Photodetectors

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

Colloidal quantum dots (CQDs) materials have recently gained significant interest in near-infrared
(NIR) photodetector applications such as autonomous driving, machine vision, night vision cameras and
disaster prevention. The quantum confinement effect of CQD generates a tunable band gap and light
absorption by controlling size, which is essential in photodetection technology. Moreover, the CQDs’
solution-processability enables lower manufacturing costs than the other conventional photodetector.
However, the implementation of CQDs into high-performing photodetectors still faces several challenges
especially from poor photocarrier collection due to the modest charge carrier mobility. Recently, our group
found that the charge transport properties of CQDs can be greatly enhanced by controlling the superlattice
structure of QDs assemblies!. Superlattices of epitaxially-connected QDs demonstrated high electron
mobility values together with the potential to realize delocalized band transport in electronic minibands.
Nevertheless, the consequence of this high carrier mobility and the potential of delocalized transport toward
the performance enhancement in photodetector devices is still questionable especially since the quantum
confinement effect may be compromised.

Here, we demonstrate that the enhancements of the assembly order quality of CQDs and the precise

control of the superlattice structure formation 1000 - ) . .
significantly increase the photodetectors’ current density ] Monolayer of Epitaxially-

and photoresponsivity. We compare three different connected QDs
assembly structures of PbS QDs, i.e., 1,2-ethanedithiol ]

(EDT) ligand-bridge assembly'3, partially ligand- 1004 |

stripped  superlattices'?, and epitaxially-connected
superlattices'. To fabricate the different CQDs assembly
structures, we used the Langmuir—Schaefer technique
based on our previous report'-3. In this work, we focus on
comparing the performance of photodetector devices
having a monolayer of QD assemblies on their channels.
We found that the epitaxially-connected QD superlattice
assembly demonstrates much higher photoresponsivity
than the other photodetectors using different kinds of QD
assemblies (fig.1). These findings suggest that the
quantum confinement effect nature in the epitaxially-
connected QD superlattice is still well preserved even
though the charge carrier becomes more delocalized. We
may attribute the performance enhancement of the
photodetector device mainly due to the improvement of
the charge carrier extraction caused by higher mobility 0.01 -
values. The findings presented here provide a new ]
formula for designing much improved high-performance

10+

IMonolayer of
1 {EDT-bridged QDs 3

Photodetector Responsivity (A/W)

0.1 5

20 -10 0 10 20

QD-based photodetector devices.
Reference: V (V)
1. R. D. Septianto, S. Z. Bisri, et al. Nat Commun. 14, Figure 1. Comparison of responsivity value
2670 (2023). of the monolayer PbS QD photodetector with
2. R.D. Septianto, S. Z. Bisri, et al. NPG Asia Mater. 12,  two different assembly structures: EDT-
33 (2020). bridge QD assembly and epitaxially-
3. L. Liu, S. Z. Bisri, et al. Nanoscale. 11, 20467-20474  connected QD superlattice
(2019).
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Finding Evidence of Quantum Confinement Effect in Colloidal AgBiS2 Quantum Dots
for Optoelectronic Devices
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Colloidal quantum dots (CQDs) exhibit unique properties that distinguish them from their bulk form, the
so-called quantum confinement effect. This feature is manifested in the form of tunable size-dependent band
gaps and discrete energy levels, resulting in distinct optical and electronic properties. One sign of the
formation of strong quantum confinement is the appearance of the excitonic peak which directly correlates
with QD size and optical properties. CQD materials based on Pb and Cd have been widely used as LEDs,
displays, solar cells, and photodetectors, validating their versatility. However, their potential toxicity is
concerning in order to comply with regulations in several places. Recently, the exploration of CQD materials
has started to switch toward more environmentally friendly compounds, but many fundamental properties
are still unknown, both physically and chemically. For example, AgBiS. (Figure 1a) QDs show potential for
solar cell devices [1]. However, synthetically, this material has not reached uniformity in terms of crystal
size, shape, and assembly structure. These problems are related to many issues of energetic disorder, resulting
in inconsistent optical and electronic properties. Importantly, to date, there are no reports regarding the size-
dependent band gap of AgBiS> QDs as an important feature of CQDs. The lack of a size-dependent feature
is one of the main factors this material has not exceeded the performance of Pb and Cd-based QD materials.

Here, we demonstrate the synthesis of AgBiS; QDs with uniform crystal size, shape, and arrangement
(Figure 1b). Through a one-pot synthesis procedure inside an inert glove box, uniform crystal size and good
crystal lattice are achieved [2]. This synthesis is achieved through a simple setup and the utilization of cold
solvent to abruptly stop the reaction, thus achieving better homogeneity in the crystalline diameter. Precursor
ratio variation and reaction time variations are prepared to obtain different sizes of QDs. Importantly, the
evidence of quantum confinement is demonstrated by a clear excitonic peak formation. Figure 1¢ shows an
excitonic peak at 410 nm for AgBiS; QDs having 6 nm diameter, confirming the uniformity of the QDs and
the quantum confinement occurrences. This discovery is an important milestone of colloidal AgBiS, QDs
before we can optimize their charge carrier transport in a more precise and controllable manner. This kind of
systematic study is critical for further develop these QDs for high-performing solar cells and for many other
optoelectronic device applications.

(C) Excitonic peak
8 (quantum confinement effect)
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Figure 1 (a) Crystal structure of AgBiS,, (b) TEM image showing the size and shape uniformity, and (c)
UV-Vis absorption spectra of AgBiS, QD showing clear excitonic peak.

[1] M. Bernechea et al., Nat. Photonics. 521-525 (2016).
[2] R. Miranti, S.Z. Bisri et al., J. Phys. Chem. C, 126, 11, 5323 (2022); S.Z. Bisri, et al. Patent §5f2022-
131898.
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A Low-Cost Solution-Processable SnTe Nanocrystals for Optoelectronics
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Colloidal semiconducting nanocrystals (NCs) have emerged as promising candidates for electronic device
applications, such as photodetectors, because of the tunability of their optical properties and solution
processability. The PbX and HgX chalcogenides (X =S, Se, Te) have been explored extensively, while less
toxic alternatives such as SnTe have been far less studied. With its narrow bandgap, SnTe NC is prospective
for short-wave to mid-infrared spectrum photodetection. On the other hand, they are also expected to become
a lead-free alternative for thermoelectric materials.' Big challenges in synthesizing SnTe NCs stemming from
their instability, oxidation-prone precursors, and unclear reaction mechanisms hamper their further research.
Here we report a low-cost solution-processable synthesis of monodisperse SnTe NCs and its potential as
photodetection materials. Our SnTe NCs were synthesized via the reaction of trioctylphosphine telluride
(TOPTe) with tin (II) bromide (SnBr:) in the presence of oleylamine (OLA) which is less toxic, less
expensive, and less reactive than commonly used (Bis(bis(trimethylsilyl)amino tin(IT), Sn[N(SiMe3)2]»).> The
obtained SnTe NCs have a cubic rock-salt crystal structure identical to that of bulk SnTe (space group
Fm3m). The NC sizes can be tuned from 8.9 to 44 nm by adjusting the growth, injection temperature, and

reaction time. A narrow size distribution can be achieved through gradient density ultracentrifugation of the

synthesized product.
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Fig. 1. (a) Cubic rock-salt crystal structure of SnTe (b) X-ray
diffraction (XRD) analysis of SnTe NCs. (¢) TEM image, and

open new opportunities for high-performance and the (d) I-V characteristics of the drop-casted SnTe assembly.

can then be assembled for a photodetector device.

These environmentally benign SnTe NCs will

safe optoelectronic devices.

Ref.: [1] M.V. Kovalenko, et al. JACS 129, 11354-11355(2007); [2] R. Miranti et al. Appl. Phys. Lett. 117, 173101 (2020).
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Solar-heat and UV blocker hybrid thin films with ITO nanoparticles and
carbon dots
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Rising global temperatures lead to increased power consumption in buildings. 30-40% of a building’s energy
is spent behind air conditioning. To reduce such high energy consumption, near infra-red (NIR)/thermal
shielding and harmful ultraviolet (UV) radiation blocking materials, as window coatings, are required to
provide comfortable and safe interiors while maintaining transparency in the visible region as seen in Fig.
1(a). Oxide semiconductor materials like titanium dioxide, vanadium dioxide, indium tin oxide and cesium
doped tungsten oxide serve as wavelength selective absorbers for their high NIR tunability and high
transparency in the visible region, but they exhibit reduced efficiency in UV-A (315-400 nm) absorption. Thus,
in this presentation we propose a hybrid thin film, of indium tin oxide nanoparticles (ITO NPs) and eco-
friendly carbon dots (CDs), hereby called ITO_CDs as a simultaneous NIR and UV blocking window coating
material that provides high transparency in the visible region. CDs provide very high UV absorption while
promoting aggregation of ITO NPs to form a porous, thin film. Enhanced absorption in the NIR was assigned
to light scattering/trapping from such pores in the film. Tuning thickness of the ITO_CDs film increased
porosity leading to improved NIR absorption. Further enhancement in NIR absorption was achieved via
vacuum annealing the ITO_CDs coated glass in a hydrogen atmosphere. The oxygen vacancies introduced to
the Indium oxide lattice resulted in an increase in the concentration of the free electrons, raising the Fermi
level position in the conduction band and increasing the particles’ polarizability and NIR absorption as seen
in Fig. 1(b). Hydrogenation of ITO_CDs film with varying thicknesses, seen in Fig. 1(c), exhibited decreased
transmittance close to 0% beyond 1200 nms. The best ITO_CDs film showed a solar blocking efficiency of
71% in the NIR and 84% in the UV while maintaining 70% transparency in the visible region. This method of
oxygen vacancy dependent tunable NIR absorption leads to efficient light management for useful energy
conservation applications. Oxide semiconductor nanoparticles and environment friendly carbon dots are
potential materials as efficient NIR and UV blockers for window and skylight coating applications.
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Fig. 1 (a) Schematic showing selective light absorbing ITO_CDs thin film as window/skylight coating (b) Transmittance spectra
of ITO NPs and ITO_CDs (pre and post hydrogenation) (c)Transmittance spectra of H-ITO_CDs with varying film thickness.
(H-ITO_CDs: hydrogenated ITO_CDs hybrid thin film)
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[TRBIVCEHB] CH: OREDHRIT CO D 255 H V0, IFEFEHENSEML T\ D Z &b HERBIRL T A
ELTHASN TV, CHs OHEHEZIHIT 57-01201%, CHs IREZERT 28 VORENREEND.
[rOx(110)iE =G, CHs 231D C-HEAMNBREL, MNEANFEIND Z R ERREINTWD[]. £z,
CHa DBHZL & RIREIZ 102 ORI N R < 705 Z & BHE STV HD[2], ZOFEIIARZH 63 TlEieu.
Fig. 1 lZRT K 912, IrO2(110)iE THRIE D Ir S FIIBNLAEIFI 72 Ir(lrews) TH D . Trews (CHAE S IVTZBER T %
F R (Oo) & FFTY, Trews DBEICSH 5 2 FIOEEFEIL, 2 DD Ir JFF % 8B SHUBREFE (On) & FHENLD . O DIF
TEIL CHs @ TrOx(110)fi TOWAE T HLF—, KIGT R F—, G L= X B2 5.2 5 Z LGS
ALTWD[B]AY, FERITHIE ST Tres DEIE (Ot P H) & K= RV F—DBMR, F72 Oo #E=R & 1O HFEH
CHs |28 SN2 & X OI|ME L E OBMRIIAHATH D, AR TIE, =2—TF LRy NU—T KTy )L
(NNP)Z W2 -3 R = b—3 3 Y [4] T, IrO2 ¥ED Ou 2 & 1rO2(110) [ TD CHs DWiFE = KL F—, C-
H B DOFIS =¥ —, JEM L= 2 —DRREA T, &6, KGRy & ) 7T IrO: % Bk
L, IrO2 % CHs & VIS ZREE LT, 1rO: KD O B R LI L OBFREHAEL, Bt k%
RS 2 R T H 2 LT, BIEE CHa B VOB EZ B LTV 5.
[HEROERFE] CHi % IrO, DREIIIET &, I IZWESND. ZD%, CHiD C-HEGNAAEL, 1
B HIFEF ST D O (ICBENIT 5. ZOiEfRIE, r0x(110) L TEZA2WDORISTH Y, i) L e
%, FEBREITE BT 1102 IR (110)H O Ou B D LR IX 55% T Y [5], AMFZETIX, Material Project
(https://next-gen.materialsproject.org) D¥&TERT — & % AT, 4 JE8#EETEIE D Ou #7EE D 0% 5 60%
DI0, AT T HIER LTz, £7-, BTy Ialb—ra i Bily 7 =7 Th b Matlantis [4] 2 LT,
F72 D O YEFEZ D Ir02110)[E TD CHs DR HE T F N F—, IS DIGT R NF—8 L OVEE b= L ¥ —
EERE L. T3 ZAERUCHER L2 3I2IE, 1 um OB Z TR U723 ) o SRR A @ IR L 7o, ZEARTE
Wiz, Bk &7 A Ot 4:6, 7 rERAREORESN0.65Pa, GBI ZF—7 v b LTRIGHEAR/ Ny #
Vo ZIZ XV IEED 5nm O MO AR L7z, 2Dk, O lE% R 55K (IKEZE, g2, g
) T2WHT7T =— &2 To7-. fERLL7- 0. 1L, XRD & XRRMEIETIHEL, 7=—/MZ k> T IO, ®
(O)E AR S D Z & R Uiz, 72, XPSHIEIC LY, FHFEAXATT =—/ L7z IrO: #fED 3
HLFRREZFHMB L7=. S 518, Ay ¥ v 7/ & 078 —"—T IO #EO T o HIGE % 473 K THEAf L
2. X UOIT, FR2eKICIRTE L, HiV T 5/10/20ppm 0 CHs 2 & T 28 5UCR L, FFOMER2SRITIRE L
7o, HRBPUEE, DUBREHE CHIE L7z,
[FEH & E2] Fig2 1%, OutiBRE CHs DT R F— R OSSOSO R 27 LTV D, O 78
RIS 5 &, WA = LF— & FUS(D) D SOSEVIIENINT 28T S BLEE S, Oa #78 R OIS (D) 21
MDA AR SN, Figl3 1R R D FMHKTT =—/L L7z IrO: KD XPS HIE RS B2 797, JHIERE R
5, 7= L& ToTWRWT U TL L, BRI ZDREE T =— /L L7z IrO2 513 Oo 153 2355 <
72 B0, MBEFRFHEKTT ==/ L7z tOr T O BT D3R 72 DR T BIE S, 2k, 7=—
VR Z T 5 2 & T IO RO R mERLIRE 2 HE TE 5 2 L 23/ o 7z, Figd ITMEERIZHK T =
— )L L7z IrO2 WD T APERER AR LT D, TEFEIEDY 100 pA OPUEREHAIEIZH\W\N T, CHIZHR#E ST
BRC IrOr MEEDOHPUED LR 28+ M S, F72, CHWIBEREWEE L) K& v HIbE 2R 2
SRR E Tz
[£2® - BE] AT, FHFUIal—3a 1280, OuaBERD Ir0x(110)iE T CHs G52 5 8
BAFH~T=. XPS JIEICEY, T=— Lo TREMILREBLZHECE L2 L 2MAE LT, £, TARE
2LV, IrO: K CHs oY LOUSHARETH D Z & 2 MR8 L2, CHa i IrO2(110)iH CTORUGTRIZIE, #
FEPIIZ HoO » COz » CH2O IZAERR S IVTHIBET 2 Z E RSN TWD[S5]. 2T, KIS Te<, CHav b
R TORIGIBRESS, ERMOREET 3L F— b U P REICHEL 52 5 LE2BND. HRISDORIG
B E < CHe iR EZ R~ T K 9 7, MEOREFIEZIRRE T O2LER D D.
BRE ISR, JST-CREST(JPMJCR1912), COI-NEXT (JPMJPF2202), I3 X OVEMF#(22J12933, 19H00756)D X% % F 1=t D TH 5.

[1] C.Wang, et al. J. Phys. Chem. C 116,10 (2012). [2] HEHIEEA 5, 55 69 G AW EL PR ER GRS, 24a-F408-6 (2022). [3] C.Yeh, et al. ACS
Catal. 9,9 (2019). [4] S. Takamoto et al., Nat. Commun., 13,2991 (2022). [5] C.Lee, et al., J. Phys.: Condens. 34, 284002 (2022)
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[BFZEER] SHdh WOs (h-WO0s3) 1E, WE~O BT A AL > TEFREZHERTXSZ &
DEGRINOR SN TWD[L]. LaL, EBRMICIIT A E&EE T4 L L THA LT h-WOs
F 7 U A ¥ OEBUEIL 100 MQ UL E LD TERWZ ENMLNTWAHR]. BxlZzhE T, KB
BRIEEZRNT, NHf 2 A F A2 & U TRRIREE THA L7 h-(NH W03 7/ U A 7 (AR
JEx=033) ZEL, H— W07/ UA YOS HREEOKE L (W1kQ) ZERLIZ. Zh
\ZX U, h-(NHy)WOs T/ T A 23, 5V LLTFOEETEWET 2% O LS IS v RE/R2 T A&
PHEIE LCTHETHDHZ L2 LE[B]. LavL, LS ICEESET 2 I EESMETE 5 & v
OREENR DY, NHyAREZ TIF 52 LT, WUREFRELZ LT/ UATVEGDLZ LN
BCTholz. h-WOs DFERDLEFME LT, W FAURAFEND Z & TG EL fTRE e, #E
LHEMETHDZ ENET OND. h-(NH)WOs 1L, HEilR T =—/1Z K o T NHy AR % i)
SHDEREERHRBEIEICR D Z EDNAMBN[4], NEMEEZHERT 5121, mRREARE
D 13 BEETLIED TE2RV[5]. WZIT, h-(NH)WO; DEFHEEIT 1 HTEEET S & Hl#EN
HTHDHAREENE X DT 2, AR TlE, WYIREE CTHRET =—LEITH 2 LI1TX,
h-(NH4)xWO3 7/ U A ¥ OIRGUE Z 2 HFREZRH &2 Z LI L7z, XRD 72 8N K 2t e
O, NAEZHERF LR 0 212 A SEFRERIEZ TE 52 LD RENTZOTHRET S.
(BB T X TAT VBT =T L s T LY a—)b - FERE VT, KBV ERE
\Z XY h-(NHo)WO3F /) U A ¥ &45372[6]. Bk L=T /U414 ¥YhK%E, &K E2HNT200 C -
10 FEEl CBBRHKX T TOT =— V& {ToTe. T/ VA Y OREEMEE - AL, X BRET
(XRD)% « BEREAR AL 2 JE(NMR)IE « S840 A8 43 (U V-Vis)TEIZ K o TEMli L7z, Si Fitk BIZo ik
SETH—TF ) T A YOMlEGIZAGEMEHERET 52 & TT N, AZ/ER L, ERFHEZ T~
FEREBLE BET =—N1%EDT /UL Vi, XRDBHIEIZ LY SHEEEEHRF L WD Z &N
RS 72, Fig.l 12789 NMR JIEFER DB, BRFE T =— 1L IZH KA & LT h-WO; NIZ NH4*
DIFET D 2 L ER &7z, Fig2 1213 UV-Vis JIIEIC £ 0 P RE 2 PR fE R 2 /R8T, h-WO;3
1%, BREOHEKITHEVRIMRIN A E Z THEEZ AT 5[7]. BET =— NV 1RICRIMERIZ ST
DWNURE DD LT DERT 06, B IREORD PRI, S 512, Figl lIR7T &Eiit-E
JERFHEN S, BER T =— VI X 0 EPUEK 1 kQ 22557 200 kQ (2 F T LA T 2803 @g2 &
A, 2HMIRREEIC S RSB FRERD ORISR SN, LrL, BEUE) HHEE LD NHLHH
ABREE x OfEIZA) 103 L7220 (FRFE T =—/LATO x fi: 0.33), h-WOs; DZZEKITIT 53 Thu.
I NH R AR E % 5 D h-(NH) WO 24572 Bl 1%, NHy N R T =— VIR ER - L AT 5
ZLT, NH; & LTh-WOsINIZIFET A Z LI2dh D LB X 7o, NHSFARENMELS & bitho sy 1
WCE VD LENRTE, HERNICEFREZ KR CEEBE2 NS, 5%IE, FHEHEZ
FHW2 NH3 12 K DS E(LDOMERERC, 7 =— VR OB L 2 BIER B IR ERE A2 B
HiEE: ARWFICITRMFE: 18H0543, 19H00756 2 O JST-CREST JPMJ1912 D BhRk % 517 7=

[11Y. Lee et al., Chem. Mater., 28, 4528 (2016). [2] S. Nekita et al., ACS Appl. Nano Mater., 3, 10252 (2020). [3] A& HEERD

D, i 83 RN ZEFITERES. [4] 1. M. Szilagyi et al., Chem. Mater., 20, 4116 (2008). [5] R. Doren et al., Nanoscale,
13, 8146 (2021). [6] C. Guo et al., Nanoscale, 4,3394 (2012). [7] C. Yang et al., Nanotechnology, 27, 075203 (2016).

uv Vis NIR
100 B
—~ = 90
ot < Before
= § 80
’% B
& 2 70 After
E Ke]
S 2
[ Ty, PRATH, G 8o L L 1
40 400 600 800 Va(¥)
Chemical shift (ppm) ' ' Wavelength (nm) Fig.3: The current-voltage characteristic
Fig.1: NMR spectra of Oz annealed  Fig.2: UV-Vis spectra of h-(NH4)xWO3  of a single h-(NH4)xWO3 nanowire be-
h-(NH4)xWO3 nanowires. nanowires before and after Oz annealing.  fore and after Oz annealing.
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SEEEMERE L D van der Waals IHEERICE D IR D LRV EEH F5 5
Identification of Aliphatic Carboxylic Acid Molecules Based on van der Waals
Interactions with Metal Oxide Surfaces
RARI !, hK%&EHE?

DO)E XE', MR #HEp, B IF", Bd ', 5E W2, OE @2
Eng., The Univ. of Tokyo ', IMCE, Kyushu Univ.?

°W. Lei', T. Hosomi, J. Liu', W. Tanaka!, T. Takahashi', T. Yanagida'*
E-mail: lei-wenjin1999@g.ecc.u-tokyo.ac.jp

[FERBLOCEH] TF 10T OF KA R, JRE R EOWBERIZ T TR < BV ERFEIEA
53 FRE) IR SN D LRI A A ROF I B L E > T D, BB LA (MOX) b 72
DUERIF& HIE FOGHEDEWZE ST FREED R DB T2 RETH L H DD,
[F—ERELFON FRLEZMEIIT 2 2 L IAENICHEETH D, AR TIR, MHBMEAES T
DT IV FIVEH & e RBEFRE R O van der Waals fHAA/ERICIEH L, BREEOFHEFFICRKET W
HEWII% 70 V7R By DRI FTRENEIZ DWW CTHRRE L 7= D THE T 5,

[EBFIE] MOx T/ U A Y (NW) % [RFEEL 3~9 DRNIIE A VR VB 10 B 7 DIRG T AHIC
WREE Lo, —ERMREE, RnWES FE2MEWH S ST A7 v~ N7 T 7 HE5H (GC-MS)
TENE - BRI LT,

[#EREB L OBL] ZnO-NW ZIEAH AIZ 30
0, 10, 20, 30 4yBiE Uiy T-HEOHMBL & 5y
Br - Ml U7 R, RERFM oORE IS E
BB T D BES T~ BT 5
& & R L7z (Figla), T ORI, NEIGES 0 omin 2omin omin
VR TOTVRNMHE In0 REMO  Sgo-cimce -
van der Waals A A AEH 23R 5 T Doy 74k
B O & DORIMWAEER DT RV F—1
EACOHEIZF 5T 572072 &L TR, o 3F|H ﬁﬁ ml” lIN IIN
BB L T FEV )t REIC R D 7 v 30s 10min 20min 30min

Exposure time

VORI D REBBEE O T2, #E Figure 1. The adsorbed ratios of C3-C9 carboxylic
BT IS 0 7 i 9905 i () ZnC e and ) 10: e
HMEICHEI WET XL —DRELE D 10min, 20min, and 30min, respectively.
RO EF, iz R o/ R E ol

FEMOIRTR D MOx il & A TREEROWAEBLEEFER 21T - 7/ R, Rk MOx # i Tl
PEMOx R LR BNV TR T OB SN LEMIC /2D Z &N R S 7= (Fig1b), Z Ui,
fetE MOx K TITH AR = VI L OB <. TV XD ZEEN IR A~D FF 52 H %
HITHEER T 272072 E B SND, AEFH TIE, FEAORRD MOX-NW 715 72 5 /K R E) 1~
A7 v NT 2 A(QCMYE N E A R T RG IR T VAR BRI T A DR HT > AT AITD
WTHIETLO2TFETH D,
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16p-C301-15 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

ZnO F/9A4 VY7 LAIZE T 5REROBRITHE S FE Y TNA R
Breaking the Surface Area Limit of ZnO Nanowire Arrays and Device Application
X#EEeFER ', LXEFH 2 BRKEH®
OMNEM ZT|K', o B2z, @ HEF ', FH FA3 F3L> 727
ZEH BT 'L RE —#'?

CSE, Hokkaido Univ.*, RIES, Hokkaido Univ.2, SANKEN, Osaka Univ.?
°Yuta Kazama®, Ryunosuke Matsumura®, Sayuki Oka'?, Hideto Yoshida®, Narathon Khemasiri?,
Yohei Yomogida? and Kazuki Nagashima®?

E-mail: kazamayuta8@gmail.com

(B2 XCEW] BRI F 7 74T L4 ZEERBRICY OV 1 X00F 7 MR oK # %
kai%mm%/%hwfﬁo\m%«v%%I%w¥—%ﬁ\ﬂ%ﬁﬁﬁta%ﬁmﬁé?ﬂ4
RICHME I L Cnd, /774 ﬂ?@i%ﬁ%* El | xﬁi@#—*rlﬂz%i@ﬂ?%?fb@%tﬂ
FA—RTH5%, LrL, ZnO Dk, m%#a% ARMMEATLIHEEDF /774X T LA
WTIk, ZOE@MENF /T A Y OELE - - BT E OB AR T lof&méﬂékb\%
THIRE D B i iﬁ@%ﬁ@ﬁ#£oko$ﬂnfi W T RN 7 RS R TR 3L
v F VM BEATEZET, FIUAXYTLAICE T 3RABDIRR 2 RGNS 37 7o
—FEREET S, I, {BONEZERRIF / 7AXYDT AL ZSHIZOWTHHET S,

[EEE 7] Si/Sio, b Fic VA7 MET Zn0 & — FERTEIK L 72421, IEEEHR L /S/KAIE) 25 mM.
~NEFHFAFLVYTFTIIV25mM, RV ZFL YA Iv25mM, 7¥E=7T 100-500 mM % it 4 4+ ~
7K 100 mL CEIN L CERL L 72 /KB IC FER & 3R 1B & &, 95°C T 1-80 KEfE DK EVE K % 1T - 72, ZnO
F 7 74X OIIR, FEENL. 0 TIGE S E) O il SEM, TEM. FTIR # W TfTo 72, 72, KA
N A A v A % Visual MINTEQ ver.3.1 IC X W {To 7z, Tt vy v ZIKEREI T~ 4 7 1~
7 v RAERZHGTEHEL 72,

[BRBIUEE] ERMQ0 KB L) D ZnO F 7 7 A YA E 1T - 727, FH ISR Tl 72 F
JHEER L OF I VAR I NS, AEOBRORE ARG X v, R/ #ERE S
DEEMEIEL 2RI E s 2 L 2 BRH L7, A ORI L2 H W72 GT s X OKERN A A
VORERIROKER D B Zn-NH: 854 4 v OIS ICRKR T 2t Fx v F v 7 O BEEERB I iz
—J5C, NHy KIBEHRIC X 2%y F v 7 DA TIERREF / BEPRENARr o722 L b, K
TS/ WG AR E by F v 7 omENERICX VIBEREh bt E2bN 3,
KB A /1 = X L TLOKERFICHETE S 2 Zo fififk e ZnO F /7 7 4 ¥ O D S A3 G a0
LD, 22T, TOKBEND Zn HifAZHE XL 72RETH ) VA Y EREZERML 72/HR, F
JUAYDRIERERE S BEROE % Zh 2 oL ikl 2 2 L icl3h L7z, Hic, fiEk
DFERE T/ TAV KT L, BOohAERREF /74 ¥ Tid, 2 T7REREE LIS TRV
v RERBINICE BT S LR LT,

AFETHEO N —HOERIX, /74 ¥ TLAICE f%%@ﬁ@%%@ﬁ%igm'ﬂmu
F 7 TN RO A RIEICIA F X 3720 I CEERMRL L 5, BHOFKEKTIL, i
RN %2 &0 =R F / BEER A h = X6 Ty s v ZiEROFEMICOWT D #id 5,

IZ)-VEHNERCER
| M EREF/71v
1 EBEREF/71Y

.....................

Time (s)

Figures: SIS E T/ U A YD SEM 1% (Z£[X]),5 X X QCM & > W ~oji A R (P JeX] - £5[X)
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16p-C301-16 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

VR E ZnO T/ U A ¥ DRRRHLIIC L 2 BRAERRME R b & 2 OB
Impact of post-growth treatments on electrical insulation of chemical bath-grown
ZnO nanowires and their underlying mechanisms
EMKEL, FMKRFEIFES?, M)LH —#E !, B0 KR 12
Shinshu Univ. !, Shinshu Univ. IFES 2, °Kazuki Yamanaka! , Kentaro Watanabe'2

E-mail: kentaro watanabe@shinshu-u.ac.jp

[HFE] EEMEE LT—%B972 PZT 1E Curie S(350°C)LL EDOEIR TIEEBMEA K H 720, ®IRT

DORBE WG 72 EOEEICHITITEHA TE RV, —H . Zn0 2 ED T A R¥x v 788 KT
7V PR A IE D [0001] (+¢) Tam‘il—%@%ﬁﬁ“é@rﬁm&; Y. Curie IREENIAEL RN
7=, EIRAEBMEE L TEND, BICTR4I1E, B 100nm FEELIT O ZnO HisdL T/ U A ¥
(NW)IE, 7L 7 BUREERIZEE~T 100 f5IE &m0 4%%@%%@%%1%%?%\ REREBEISEDH
FCEDHZEERILI], Lo T ZnO HIMNW L, Hx OfESEAEE T THLEWEBILE%E
RLID DD, miR T OBEREMAEE U CEERICENS, L LEBRIZIE, ZnO0 DAL
7a g AZHK LT HE FORMPR X0, ZnO DR TIUC L D81 L2245l Van,
Vo MRS Zny, O1 F DB/ R¥ v v I R — MR GHERL 2 2Rk L C n BIOEEM: % FF
LT HREEBFBNEBBEM 2 A& L UEBIGENSLT 2 b BERMEIEOUENFETH D,
INFETIZE A 1T 0, ZPHEH 700°CEULELIZ X > T ZnO NW H D R —MKE 2 HEE L NW O
ERADBERN 1/100 (KT 5 Z & & B L7Z[2][Fig 1(b)], AHFFE TIIEK K E% D ZnO NW L
FIFREHZ 3 L Ny E 7213 O FRPHAK T Chk 2 72 B ALER(700°CEMVILER, RF 7T A< 4LEE, UV-O; ALEE)
Zhe L, BABERRTHO NW BEXURER L e U, Z OIREERE 4 fE 3 5,

(3285 1E] Au v p*-Si(111) Fa EICIEIE R (CBD)IEIC &L 0 {b-A Bk L 72[0001]#E 7] ZnO H
SENW BEFI 2306 L L, Z OBRMERME L SGET D 72O OERAI L LT 02 7213 N2 FRHA
TOFELEE (latm, 700°C, 1 h)F 721X RF 7T X~ 4L, UV-O; LB & gt L7z, HAERT# O ZnO
NW EFIEUEHZ e LA © T2 D700 FV RIEE ) 1ICX 5 H— NW OBKRERFHG[Fig. 1]1%
1TV, FICEREROIKBHEE O O 729 ZnONW EFFEIOBE Y VY — KL x vk A
(CLY3Y6, XBRIEIHT(XRD), BAf% Raman 4336, 77— U B HIRINFT-IR) 3 YEa-M 24T > 7=,

[KR - BE] N SRHK T ORI LY Op & FRREOEBESUSEROIKRN AT, £ OHE
1% 027 IEWT@%&@@%/&&*EU LCHY, FEKTATEEAOHRITZA LN o7, —F
T RF 77 A~ ALPEE LY UV-0O5 ZLELIZ BV CTIREER CL A7 MUWZBIT 5 K3 te— 7 8
L OVXRD IZ L D8 EF DAL 72 < | BRIRER DRI RIAD RN &b L L7z,

[38E] ABFZ2 IR AR 2E(B)[20H02632] 35 L OSCHEH2E sl e B FE DO KB 2% 1T 12,

BE IR (a) (b) o Ty
[1] K. Watanabe, et al., ACS Nano 9, 2989 ; £ 320"0 i’
(2015)' % 104£600°C As grown
S °F p550°C

2] = W, fl, 17p-D221-11, & ¥ % & S Fhso"c
(2023.3). 3 %mo"cwz
g « 1700Co0, 3
01 :.- J 1 1 H

Inverse Anneal Temperature [K-1]
Fig.1 (a) SEM image of contact between ZnO NW / Au film / Si (111)
substract and tungsten nanoprobe electrode
(b) Relationship between annealing temperature and electrical
Insulation (o) in a nitrogen(red) or oxygen(black) atmosphere
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RY RAF VU B/NRE B REBES 2RI LT
HBEERES 7 VA YEF O/ER

Dense Si nanowire arrays fabricated via monolayer assembly of polystyrene nanospheres
BMREL, BMREIFES?, (MI)EH !, ED R 12
Shinshu Univ.!, Shinshu Univ. IFES?, °Hiroki Iwata!, Kentaro Watanabe!-2

E-mail: kentaro watanabe@shinshu-u.ac.jp

[FE)] EEEAZEEICEBELRT S Seebeck 2 JHFL L L7ZEVERED 20T HITLE,
& Dla] D DA l:%éu%rzc EDIRIR PR (<200°C) 256 21 L2 BENIEH ST b, BVER
BEOVEREIT MR STIEREFR S ZT TE S, Seebeck #2%r S [V-K! ], BUZER « [Wm!-K!],
EXUSER o [Q ! ], HosHEEE TK]ZHWT ZT = S¥o/k)T THREND, FOEY D
BB 5 BGE (I A RRBEEME TR <, Si O X9 RBE\E SR
Seebeck fREL A K & fafﬁ*ﬂrf‘gb HIENLEFELV, LML, SildSeebeck BRI KE=WVE D
O, BMRESRNE WD, BEEMEE U CTEVEMEIOMERESEV, ITF Si 07/ g kic
ot BHEMRE R ¢ OBIFVRIEDS ZT B ICA TH D Z EAURENZMNE, Z T e ks ket

TIIBRED R HNFEE 7+ o THY, Si OfEgaY A X&) ) A r—1icd s EFh
ct DI EHHITRE M DRE R 7 3 J U4 NW MIBEICBEL S N TRV E A2 2 72 < 72 D

Z LTk B, SiHEREELFE D Metal Assisted Chemical EtchingMACE)BNZ LY Si)F/ UA ¥
(NW)/7“/ ZEHESIN B ELND Z ENHLNTWDEN, —/%IZ, KD MACE 5T
I NW BHREIZIESSXRHHT-0, (Ef @jcfé 72 NW 75&@66’3 WCEAMEEIZFH G LT 2%
RAIIR T & 2oV, Fox X 2 E CTIZER Dps=262nm DR U AT L /(PSY/INERD HLE
BRI ZFIH L7~ MACE 7512 X > T SINW OE£L - JEHIHIE 2170, uﬂbxifj iR
M Si BNLT U A 7 (Si NW)D =& JEAHIBL IR E O /ERUC Bk Zh L7200 ARG C
%, EORIBEEEROT-D, BEFOREWNL D /NZ 72 ER(Drs= 100 nm) D PS T/ NER BL
JE B A 2 BV CHE & 1 % S L Si NW BCH O ERL 2 3 A 7 A 5, B 87nm FRE D Si
NW EFIDOVERLZ R Th L= D THE T 5,

[3=2BR] BUREAL Si(001)JER[<0.02 Q- cm] R Ag IHARE LI=th, Ag Al l L
HF/H0, ¥ C Si ZfEEff— v F 27925 MACE {E4 HWT Si B NW Al S
ZVERLU7-, BN NW JEHESIO T 72 284 EER L OBMRER O TR DD 729D, Dps=
100 nm @ PS fif/NER B J& HARC Y1) 2 VT Si & D MACE %217 7-, Si Jetk 2 A0 L
721212 UV-O3 ALERIZ X of%ﬁ7kr$%ﬁff L. PSTUNERD A v o— M2 k0 BB 5 hd Y

77  RIZRE 759 A~ A2 L 0 Si Eobk oo PS U INERERAN D= F o 7% LT-1412 PS

T/ NERFE D ZERRIZ Ag H%%,\I%?% LT ) — VBERIEFIC L0 PS ek A2 HL Y Br< =
T, AR TIROZEILE AT 5 Ag A B E Si(001) AR KR mIC A2, Zh il s L7
MACE JEI2 & 0 @8 & 5 B H S Si NW BH 2 ERL L 7=, 72, sEHMERSMom Lo Tk
L LT, AV ya—XomEESMB LY, PS MUNRD RF 77 X< x v F o 7 OULEREER]
R Z TS ERL LT,

[#ER - BL] PS Uik Ay a— FEHEH LB L O RF 79 A~z v F 7 L— hRF
DOFER, A ¥ 22— b 8000rpm, H.2% RF 7°7 A~ W] 1.5min T Fig.1 D Ag #4257,
InE it E LT MACE 21T - 725 R, Fig.2 OEL 87nm FEE D SiNW Els 257, &
I AGEE Tk~ 5,

[BEE] ABT 72 13 FBF 2 L A% B 52
(B)[20H02632] L OB 248 =
WA B FEO A Z T,
ZECHR [1]A. 1 Boukai, et al., Nature 451,
168 (2008). [2] A. I. Hochbaum, et al., Nature
451, 163 (2008). [3] Z. Huang, et al., Adv.
Mater. 23, 285 (2011). [4] S. Su, et al.,
Nanoscale Res. Lett. 8, 405 (2013). [5] N

L, fl, 17p-D221-9 [EAZES (2023.3). Fig.1 SEM image ong Fig.2 SEM image of Si NWs
particles film after deposited fabricated by MACE using
on PS microsphere monolayer PS microspheres monolayer

(PS microspheres are removed)
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BT/ 74 VvOERAICH T HRHEHBREL

Characteristic shape variation of Ag nanowires on Au surface
EEHHE SSRC, OB H—, TR —& H# B
AIST SSRC, °Yuichi Watanabe, Kazunori Kuribara, Ken-ichi Nomura

E-mail: yuichi.watanabe@aist.go.jp

LEUHIc] &RT ) T4 VISR DT A7 MU OF ) MBI C. 20 A v v o ikl
BEXm BN, HEE, 737 AMEALTERY, BICEREME L CORABEIES
TWb, Ag T/ UAF (AgNW) 1T SN TH Y BHEMOIFIEIC RS FIH STV D03,
B & L CERAMET 2 ICIERMZERORBER S 5, 4T ~4 1L AgNW & AN 72T 31 2D EH
LEMFHI AT > TV DH T, AgNW 2% Au & BEfil LTV 2 LRIREREE FCH & L < BRIk
TOHHSGEEFERL L0 THET S, W

[FEBR] FH T A i, AN~ AT ZHNWT Cr/Au /¥ — 2 BlAERE LTZ, ke 7T X
<Pl Ut FER EIC AgNW Dl AZ A a—h L, AgNW A v =l ERl L7z, K&
65 CCOTERME THAM A 52 BFEIRE Lok, BRI EARE 7S (FE-SEM) TR A2 B4
L7,

[f5 3R] Fig.l ICARKEMNR L, RO Au Sl L TBlZE I
72 AgNW @ SEM B§ A 7R3, AIEHAR Fod AgNW 13
RAZEL TWRWIZD . 65 CRE T &V 9 Fffid
AGNW IR FAEC X DIBLE B N5, —HT Au [§
AR E D AgNW 13, A e B b &R U5t CER - (R
ENTWTEHDD, AgNW B3 d - 72D K 9 7afsifk & 5%
LTIEE A ERNW DR Z Ko Tz, filldd NW (25
D BT Au EE & LTV R0 T2 I A T
D NW IR DHERF ST a7, Au £ & O EBER
PR AAB G S R T EER EEBEZ O D,

65 CCREFIE AgNW (2 & o CIIARLZ EITHFIETE
LHIEERETHY . 2N FE TZDOIREHR T AgNW 23N EHF
fICTHILT D E VI MEFITI N TR, FFIC AgNW X
FBWHEME LTHERSATWS 0, EEERNDH Y RiE
720 EToORERITME S TV RroT, Bl
ICARBIR ORI IR TH 503, AgNW FERER
WA E T A ATFEET DEITIE, B & OB
AuZ N D DITEERLETH D,

[1] Yuichi Watanabe et al 2024 Appl. Phys. Express 17 045001

Fig. 1 SEM images of AgNWs on (a)

quartz substrate and (b) Au electrode
after 65 °C heating.
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Particle Computation [ZZESHEEFHRES — FOUBR LER

Enhancements and advances of single-electron logic gates inspired by particle computation

OKEF Bl ', KX Bl -2

1 #HEXBRET, 2 #EEX IMS

OSoki Mizuno', Takahide Oya'?
1 Grad. School of Eng. Sci., Yokohama Nat’l Univ., 2 IMS, Yokohama Nat’l Univ.

Email: mizuno-soki-gb@ynu.jp

1. e R - BB

T, THRAbE S ER L TS BT, B
A < OB RN T S A ZAPRKD HAL TN
Do £D—2L LT, HETT A ANEHS
NWCW5, BT A AL, B O—EHAL
TOFIE, WHELER, FERRTEENED 7IRE & vy D
BENT-RHEEET 5, L, BHERIEORK
W 72 WAL PR YR I STV R, £ 2T
W EREEYZ B W T RLAUEZIT D
Particle Computation(PC)iZ% H L7-,PC T
X, BIRO~ AR L EEMERLE T 5,
BLiE S A7k 112k L CT“Go Up” (u), “Go Right”
(r), “Go Down” (d), “Go Left” (I) & W 2 {EE D
ﬁf\ﬁ%%%%ﬁéﬁé %52 5, i 03 %
@W‘éf‘% EROFIE L T SR 1 fff S
L7=% %@%Fﬁ“( FriE3 5, S miTaehs
%ﬂﬁmﬁéifiﬁéhwﬁﬁéﬁbﬂﬁz
LIZL S TPCIZ L DIEHRLENFEIT S, &
TOMmEE Y MEFT L% BERRL -0
BLE N TEHROBLORER L 725, PC Tl #HE
RERERT — FOEBPIME SN TEYD , 261
k& 72D CE DR TIETH D,
AMFFE T, B A E R OB I R A A

L. PC ZF|H U7 BLE T E ML T S A A D
BEAZANET 5,

2. FERNE

BIENZE R T2 O T A m OB

= MIOWTOHETFPCEE I 2L —
3 NZOWTHRE LR, A ENTR o5k —
CIPF=N ﬁ%@iﬁ%ﬂ@b:?fﬁ%bf:i%
PC #wEEL 7 — R EEE(Fig.1 @)W THIET 5,
AIEIOWE TIL R A2 mn Tl BE S &
SR el (3] - RN SYARSIUPT = 8 | il B Al VA= R TR
T HEEHERIEZ Me I LI ENHE
THLZ LR TFMUEE N FEITTE L L
PR LT, Alomaty bMid, |, u,r, &>
Thd, 0, ETEAENZENICX LT
a7 AR & EZSHERI 2 HET 5, mh
v MEIZK 72388 LT\ < Ko icmaE

% & EZSHIE RIS 2 e T 2 05, i) & iz D
unwkob\fidfﬂbjiﬁf&)ét&b W%ﬂ

D4y F7 10 B (d) & E22E]E RS ()
{LDIBERNR-> TS DL e n—7 75:’9”5%
1E &5 (Fig.1 (b)), ZAUT KV | AR T
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Fig. 1 Single-electron PC circuits
(a) PC logic gate
(b) The structure of the PC logic circuits
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Multiple tunneling
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o

O 08
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Fig. 1 Two-dimensional array of single-electron

oscillators using multiple tunneling junctions.

(+/- indicates polarity of V4.)
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for Diffusion Limited Aggregation model based on single-electron circuits
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Fig.1 Improved Brownian motion circuit by single-
electron oscillators. Configuration of oscillator is described
in balloon. “+” and ‘- in circle indicates polarity of bias

voltage for oscillators.
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Fig. 1 Design of comb-shaped circuit. It consists of two-

dimensional array of single-electron oscillators.
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and its application to signal amplification circuit
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Fig. 1 Triple single-electron box circuit.
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Fig. 2 Simulation result.
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AC signal sensing 6 Orders of Magnitude above Cutoff Frequency in non-equilibrium
DRAM
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The development of information technology
requires advanced communication and data
processing technologies. In both domains, the use of
high-frequency signals is one of the important
factors that enable handling vast amounts of data.
Devices operating in the frequency domain
generally operate within specific frequency ranges,
making the cutoff frequency an essential parameter
to consider in the process of designing circuits. On
the other hand, from the perspective of
thermodynamics, non-equilibrium in an energy
scale generates energy flow as like thermal gradient
generates energy. This energy flow is independent
of factors of time such as flow rates and time
constant. As such, operating devices in the non-
equilibrium domain may provide an avenue to push
device performances beyond the limitations of the
cutoff frequency.

In this study, we focus on the high-frequency, non-
equilibrium performance of a nanoscale dynamic
random-access memory (DRAM) device, in which
the DRAM reads out an AC signal over six orders of
magnitude above its cutoff frequency [. Fig. 1(a)
shows the device, composed of a DRAM and field-
effect transistor (FET) labelled the sense-FET. In the
DRAM, single electrons shuttle between a nanometer-
scale dot (the node) and an electron reservoir (ER).
The sense-FET is capacitively coupled to the node and
detects its charge. Electrons shuttling between the
node and the ER induce a step-like change in the
sense-FET current, as shown in Fig. 1(b). In this
manner, the evolution of the number of electrons N in
the node can be monitored with single-electron
resolution at room temperature [1]. The addition of an
AC signal on the ER changes the probability
distribution of », seen on Fig.1(c). The features of this
distribution depend on the frequency f,. of the AC
signal as shown in Fig. 1(d): at low frequency, the
average value of N, N, , remains zero, although the

observed variance of N, N, is large. The electrons

(c

Probability

20

Time (s)
d
) g 0 12
041 w/o AC signal
‘ mm W/ AC signal 3{® "
0_34‘ 2 .-ﬁwﬂ 9
7 o} LIPS
0.24:‘ = . 6>
0.1" 0 .- L) 3
————— Sectoesmenmtes
0.0 -1 0
10°  10°  10°
fac/To

Fig.1. (a) False color scanning electron microscopy
image of the device. (b) Sense-FET's current over
time. Discrete jumps are visible that correspond to the
number N —(N) of electrons in the node. (c) The
change in the probability distribution of N with the
addition of the AC signal on the reservoir when
fac > I. Average Ny, and variance N,g- of N —
(N), as a function of fsc/Iy, frequency of the AC
signal normalized by the DRAM s cutoff frequency.

shuttling in and out of the node follow the AC signal,
the node and the BL remain in equilibrium. As f,
increases beyond [, the electron shuttling no longer
follows the AC signal. As a result, N, saturates
around lef;ﬂ), the value of N, without AC signal,
while N, increases significantly compared to
NP [2]. This increase of N, corresponds to an
increase of the charge stored in the node, and as such
the node and the BL are no longer in equilibrium. In
this manner, the operation of the DRAM in the non-
equilibrium regime allows the device to behave as an
AC signal sensor, detecting AC signals up to six orders
of magnitude beyond its internal cutoff frequency.

REFERENCES:
[1] K. Nishiguchi, et al, Jpn. J. Appl. Phys. 47, 8305 (2008).

[2] K. Nishiguchi, et al, Nanotechnology 25, 275201 (2014).
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DRAM D =R /LF—hZ Iz T 7= FBED—> & LT, DRAM BV D B RN 2 4 KR
HZENFTOHND[], ZHIZEY A R L —UF v SV X (SO)DFEILEILE H = RV F —Hbk,
TROLENZMEITE D, L, BEdMELEORTICLYHAEZIZBN T T —D3RAE
AIREMEDS B E Do MEE IR M ) 7o g s e — 5 CL AofSAYIZ DRAM BV EIE AT RE/R =
FILF—NROBFITARIZIHA STV, DRAM L2 L7 RC [BIE A AWT, Btk
2 FEENDWNTE Z A T BNTHRE STV D A2], FEE /NI L TR Y . /o= T — 3R
Th o,

Fox ik, BEFIHEATEEZR > U = DRAM # % HW T3] FEE L = T — D S R LI E %7l 7
Too ALY YU a3 FF1E, SC. By MRBL), U — FH(WL)H) 5725 DRAM & /LA & | B
LI —0ERI) 5 SC DEfIq = ne (e: electron charge)Z & H7 % & D THh H[Fig. 1 (a,
b)), HEXZIR(T = 300Ky TIT1o7, F72D5ENL SC OEM Z MET HERIZHEAT 5, Fig. 1(d)
2, FREHF D SC Ikt LT Fig. 1(c)D & 5 124k 12 WL BEREZ T THE S B 72BE DI DR 7=
D— R, IpBEERANICZEL TRY ., ;75>En = q/e DY A BT —HO 5 fiFRE TRIE T
& Do nOHEEUIAE S B DAY AQIZ. RIFE D T /L ¥ —BVAE & = L ¥ —{R1FHIAQ = —AEH
SHEE TE . SC DALFERT v ¥ N, = 2E.(n—1/2) + aViy, & BL EEV, & VT AQyon+1 =
eVeL — Un+1, AQnon—1 = Uy — eV CH X HILDH[4], T 2T, EJE SC DFFET= R /LF —, alX WL

(BJE: V) & SCOFEMEE TIRELMBEETHY ., TOMUEFETH D, Fig. 1(e)lZ. Fig. 1(d)
R T 2 3ENQ = 25AQ % 7”7, kgT (kg: Boltzmann constant) X ¥ /NS WEAD A Y %l E T
TWDHHENRTHN%, DRAM B/ TRIE L R 5 AEN R =T — 3BT EROFEZ AL T T —T,
WAE 0" & <1 D ik BB AATE AL (M L 7on DM 3Aip, (t = 0)DER D 6T X 5 [Fig. 1(H].
AHETIE, NS OMERBRICESE | DRAM B O R X =R RFUZ OV T T 5.

[1] T. Vogelsang, Proc. 43rd Annual IEEE/ACM International Symposium on Microarchitecture 363-374
(2010). [2] Alexei O. Orlov et al., Jpn. J. Appl. Phys. 51 06FE10 (2012). [3] K. Nishiguchi et al., Nanotechnol.
25,275201 (2014). [4] D. V. Averin and J. P. Pekola, EPL, 96 67004 (2011).
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Fig. 1: (a) Schematic of the device and (b) its equivalent circuit. (¢) Time evolution of the WL voltage Vi,
(d) the detector current I and n = q/e, and (e) the heat dissipation @ during the discharge operation.
(e) Initial probability distribution p, (t = 0) for the states “0” and “1”.
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EBL & ELGP I & 37/ BEER L T34 RAICADRERA
Nanoscale Device Fabrication using Electron-beam Lithography (EBL) and
Electroless Au Plating (ELGP) and Development of Applications
EEE
Yutaka Majima
RRIEXKXF MERMWRIRMARER 70> T 1« PHRMRAR
Laboratory for Materials and Structures, Institute of Innovative Research, Tokyo Institute of Technology
E-mail: majima@msl.titech.ac.jp

F 7 G, MO TRKEBRNGEN N S 2 & 2MfE - FIAL CTEBT 25 2 L BFE
Thb, MmEIENEZOREBRED DT 777 2DiEA] (Laplace’s law) 1C X % &, PIHEAN
MDENZEAp NmP)iE, Ap=y (UrnEl/r) (Fz72L. v Nm)ZRIE, r. nix. Fih
KOmFALLE, fFaix. s, BHEcIIE, NihEcixf) cRans, Hlzid. HH’A'
FE10mm OF /) T4 Y EETFHY V2777 4 — (Electron Beam Lithography: EBL) |
BAER L& L, 2RI INm EFT 2L, 7 74 FYHERICIE 100 MPa@jt’a"
BNESESI M 5, TORNEFICHTIZF 7 7 A YIROE L E, 77 74 YGOSR E
b72H73,

k41X, EBL LM H OMEHS® - % (Electroless Au Plating: ELGP) @ 7' v & Z[i¥ % 7K
b HEDTE 72, EBL Tld, S/SIOER LICF ¥ v 7R 6nm. ¥+ v 7IE 10 nm, MHEGRAE
5000COHEF /) ¥ x v 77 TT%{/Fﬁ%j—éﬂ‘/Lﬁ/HTTI%EﬁJ_LK . ELGP TlZ. A&7/
¥y v FEBF v 7RKEIC FRT~TBI X F O Y VRET 2 E0N 2L 72, ¥ v
v 7R3 ELGP IZ X MJE%L SRR ANLF =2 R/Ne 2 2BkikE 20, HOFIRBRE
X VERNICEKT . Fr vy 7K 0.7 nm, MHAEE 300°0CO~T R X F
¥ VERIR Au/Pt 7/ ¥ % v 7TEMZ RS 2 Bl 2 7 L 722,

Zlﬁliif 2275 EBL & ELGP Z W7o F / HEERH 2 N 5, $72. 7/ AT —n

> L S
CH T 2 HEIGTT &R EBLEELGPIC & 37/ iBiEisfis &5 )\ RIGH
ﬁ ZRAL 72754 26 wf*;g’;iggtz (BIRF ) 25— IUICHT BBFHEES) 1 DA
4 5 DED _

HelT, —2oox ikt 1 BFBUYIS5 71 (EBL) T AT 72

Mz #FIE10nm, F+ v IR6nM®D e -
SF Bk e LT 4 o v RSl ST S00C THRLE-SGORFE
LHESTE T YR A e 4. MHFHBR ORI NSO SRY
- 7Y 2.3 ) 25— I RRBRI B (ELGP) REBBECeRRERR

AFOIESYFSvILRE 5. F)FvvT-FJ)D Atz
N ELGP ﬁ_ / -i_ 7 DI?IA %EI?\)L;F‘—%/NE\ Eaféﬂiﬁgﬁg BEBAROBRIBORIE
V=T v¥—, F/Fx *;S%Z%g&“;?ﬁc/ B&F/FryT 6. ERNSEERAVE 2 REARBLBARERE AT
v FH A ey PS5 — 7. ) OOAKA > MBEIC L SHRE NS RILIES
7 v — @R RE—ILTOHBA
RICHRERTE K % U F DA RDI000REDENC LB || BHILIPO=I2
K -5 3. WEREMANLE(C & BL1 A BB ORI
= Sl R
7= T N 47 Wi 7 B B AL MERF /o1 ¥ SER-—EEER(TTA)
HRE LSy URx ey [0 - 8. BUERF YT I —S3>
e EBLTHE® /SIEAR(ICT /RT 0. i 1 A THSEEEMEL
6, F ) FEEEAE L1, ELGPT/R7#E%2 nma THE ‘ :
N F/R7ZDNANBIB S BB A > B 10. ERABREMOEHRILICHT-REMEHE

{t. CoPt il liﬂ‘ J 74 11. ELGPFJ RPDNAS —4 >4 L )

¥ 77z Ll oW AT % Fig. 1 Nanoscale device fabrication using EBL and ELGP and their applications

AHFFE1Z. JST-CREST (JPMJCR22B4) . MEXT D2MatE (JPMXP1122683430). JST-K program
(JPMJKP23H5), JST-A—/3— A 7 = A4 DHIRIC X VTN,

[11Y. Choi, A. Kwon and Y. Majima, Appl. Phys. Express, 12, 125003 (2019).

[2] Y. Choi, T. Teranishi, and Y. Majima, Appl. Phys. Express, 44, 025002 (2019).

[3] C. Ouyang, K. Hashimoto, H. Tsuji, E. Nakamura, and Y. Majima, ACS Omega, 3, 5125-5130 (2018).

[4] D. Yin, M. Furushima, H. Tanaka, S. Izawa, T. Ono, R. Shintani, Y. Majima, Adv. Electronic Mater.
accepted (2024).

[S] T. T. Phan, T. Tosa, Y. Majima, Sensors and Actuators: B. Chemical, 342, 130098 (2021).

[6] S. Miao, R. Nitta, S. Izawa, Y. Majima, Adv. Sci., 10, 2303032 (2023).

[7] R. Toyama, S. Kawachi, J. Yamaura, T. Fujita, Y. Murakami, H. Hosono, Y. Majima, Nanoscale Adv., 4,
5270 (2022).
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Investigation of dependence on SiO: film covering for nanogap formation by

electromigration method
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T BIY] 7/ X v TEmIT, GRS ) A= DZEME 2 K D4R EmR T
TG T, EERIMZ L > TR RESENE L L R~T. ZO|BAAL v FREZFMA LT
Kﬁ%@%%U(T/%?/7%%))&LT@E%%H%SHTV%M.%/??Vﬁ%%U

L4 (P) 7/ X v v 7EHANDZ LT, 600CHEIRERE F CORE LIZEEN
zh‘(% D, T /X¥Y vy 7TORRDP A EBMEATY & L TOMRICEETLZ ERHREINTND
[2]. ®ilEl, FxixT /v v ST NI T EEEa—T 4 7 T5H52 LT, AL v TFEEFORE
Wﬂ:;’%%ﬁﬂ%ﬂ‘(%é ZEERLIE[B] AMETIE, U ars g ATIRELY —ICHN B
% SiO, T & 2 BB A fRGE L 7=

(%Eﬁjﬂﬂﬁg. l(a) ZH TV ORIEIX 2 7R T Si02 DAFRIE A 2 722 U = o FER BIT T, P,
Ti, SiO, DEIZFILFZL Inm, 30nm, 1nm, 30nmKEL, EFE—ABEEEICTNY —=
J U, B —AHEMEEIC TR L2 LY A Mo F— %, ECR A A2 ¥+ U—4EE T Si0,
WCHRB L7e. VORA MEBRELIEE, Ar I U U7 3ETSIO, O — % /— RKv A7 L LTF
JEDOPtaNRE—=2T7 1L, PtDT ) UAVIEEZER LT, Ar IV V7 OEBEZRE L, ~— R
~ A7 D Si0 EZEDOTRED Ti Z#brEL THERZ Pt & LI2HEF (Samplel) EN— v A7 D
Si0y 4% L CixF Mm% SiOy & L7=FE (Sample2) Z/ER L7, {ERLL7=F /U A ¥iZxt LT
feedback controlled electromigration (FBEM [4]) I\, T/ F % v 7T &Z1T> 7. Z® FBEM 3

O BRI RS Y 7 — N — 2T L 7.

(F% EBE lmgumi Samplel @ FBEM % ® SEM #C& v, Fig. 1(c)iX, Sample2 ® FBEM
BOSEMBTH L. MG L bIZEMRT Yy PHS D7 7y MEENRNAL TV DA, Sample2 Tl
W7 LA U DBRE L TE D, Samplel IZENRWE F LEWRRNL TS, Z ORI, Bl
KM SIO JBRHFIET HZ & T, PO EMEESI - RS SH. LED X 51, K
fFFE% @ U C, SiOx BEd 7L X I L [FIERICTE RS E IS B A 5.2 5 2 E R LT o7z, F
KT, ZhoORREOFEM, IO SIOENEIIA A v FRRIZH T2 DB ONTHFET
THTETHD.

[ 3CHk] [1] Y. Naitoh, et al., Nanotechnology 17, 5669-5674 (2006). [2] H. Suga, et al., Scientific
Reports 6, 34961 (2016). [3] R fill, 55 84 [FUS B TSR FIMGREHSS, 21p-A501-1(2023). [4]
D. R. Strachan et al., Appl. Phys. Lett. 86, 043109 (2005).

(a) (b)
Sample1 Sample2
PYTi i, SIO/Ti/PYTI

Nanogap
Y s

Sample1

Fig. 1 (a) Schematic of nanowires without (right) and with SiO, covered structures (left), respectively.
FESEM images of typical nanogaps which were formed using FBEM without (b) and with SiO» cap-
layer (c).
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BRALER 13K R, Rifi e 4 4 v RERTH Y | BEI O FURL il sE3ek, BT 1R,

BB R KIS T W3, £72, CuS. CuizsS. CuisS. CuiosS. CusS 78 & D% Hk
&ﬁm%ab\Jﬁmi\ﬂﬁ%i\ﬁﬁ%%\ﬁﬂ%%&g\mm TIRTF L 7= 2 ik A fi iy
RBFET 5, FICHKICEWTH ., L TEER ERTER. D 0IINTHE EBEMERD
L0 ICHRBTEPFEET 5, 2NHDOMKOH T CuisS 1. K TFHOKIBRT 7+ 7 %
— WML TR L BT p BUPEERRRE R R T S L THIL N TV R, L Ledd b, CusS
FIRFDE T VI RIBFHICONTIE, ZNTTIIFLAERED v, LAl T
WCANTERD CuisS F/ 7L — F ZFEEEK
L. HEEL CT& 728, milEl, CusSF/ 7L —
bEF Xy TRICEALZETOERE O ‘ ]
P s L7, ' e

Sl 2 k. EFHRY V77 7 4 (EBL)IC &
D ¥v vy 7RK57nmm. ¥+ v 7IE 400 nm D H

BT/ F vy TEMAEIFRL 72, WUMEREST T | |

mm, BX 7om OINFHED CugS F/ 7L— =

FEF ¥y TEBEICEAL, FT VY

A RFFEEMET L 72, CuisS F/ 7L — b DS Ve 20v
¥ vy TRER~OBAR, HlEEOE Yz 18V
RO TIC X D To7.CuisS F/ FL— F 08 1= VE 23
FSYURZDSEMERBIELL TS, K — V= gsy
17 CusS 7/ TL— b AF ) v v 7E o N T
FRRICE A X Tz, CusS F+/ 7L — b Va (0A)

C— 25 (Ig- =
é}ﬁ##‘l’-f%ﬁ?bf:o 2Dy ]‘knﬂ (]d Vg) CI:TIBL‘
AffZE 1. JIST-CREST(JPMICR22B4, JPMJCR21B4), HERAFAC AW FEArE BRILFIF] A -
LRI (2024-118), R T K7 v v 7 4 THERZEFT LR R O LRI X W iThih 7z,
[1]S. W. Gu, Y. X. Zhang, J. Guo, J. Feng, Z. H. Ge, Mater. Res. Express, 7, 015923, (2020).

[2] P. Qin, X. Qian, Z. H. Ge, L. Zheng, J. Feng., L. D. Zhao, Inorg. Chem. Front., 4, 1192, (2017).
[3] Z. Li, M. Saruyama, T. Asaka, Y. Tatetsu, T. Teranishi, Science, 373, 332 (2021).

[4] H T, Yin Dongbao, + B, %ﬁEHEﬁ\, R BR, fRILAEsE, SFraflis, B8 S,
55 71 G H Y B A B T2 TSI ZY, 23p-1BB-11 (2024).
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Trapping single-Cgo molecules in liquid by static sub-nm gap electrodes

ISIMIT-CAS, 2lIS/PINQIE, Univ. of Tokyo, “Univ. of Liverpool
Hongsen Qiu?, Yue Tian?, Xiaohang Qiao*, Kazuhiko Hirakawa?2, °Shaoging Du'?
E-mail: sqdu@mail.sim.ac.cn

Understanding electron transports of a single molecules in liquid has attracted widespread attention
due to its great significance in nanoelectronics and molecular dynamics. To date, scanning tunnelling
microscopy break junction (STM-BJ) and mechanically controllable break junction (MCBJ) have been
used to read single molecular conductance in liquid, demonstrating the feasibility of obtaining
single-molecule information in sub-nm gap structures under mechanical dynamic strain. However, both
methods necessitate the dynamic adjustment of the distance between the two electrodes, thereby
incorporating the effect of the mechanical squeezing force induced by the electrodes on the molecules into
the results. In order to obtain the properties of single molecules in a more natural state, it is necessary to
develop a method of measuring the current flowing through the molecules without introducing electrode
motion.

In this work, we use the static sub-nm gap electrodes to investigate single-Ceo molecular electron
transports in liquid. We created a sub-nm gap in a gold nanojunction by using electromigration [1, 2], and
immerse it in a liquid cell. By measuring the current flow of the gold electrodes, we observed the
conductance change due to single-molecule trapping. Fig. 1(a) shows the traces of the conductance G
normalized by the quantum conductance Go (=2e?/h) of the sub-nm gap electrodes in air, toluene solvent,
and fullerene solution environments. We see when the device was in air and pure toluene solvent, the
conductance value was ~0.0021 Go. After the Ceo solution was dropped, the conductance moved upward
randomly as a whole. Furthermore, we measured this sample for 1 hour and plot the histogram of
conductance in Fig. 1(b). The histogram for Ceo solution shows an additional peak around 0.00235 Gg
which is consistent with theoretical calculations [3], indicating that the observed change in conductance
may be associated with the capture of single molecules. This result tells us that the static sub-nm
electrodes have the potential to capture single molecules in liquid, and the random capture process may
come from Brownian motion.

(a) , (b)

air toluene Cygp in toluene Cgp in toluene (1 hour )
2.6x10° 2.6%107
| | B i
2.4%10°%) t ~1 nm ~1nm 2.4x10°
—
g } e g S
o Pt Y o
©2.2x10%} ey 2.2x10% g
R T
P
| —
2.0x10%} I 1 2.0x10°
0 100 200 300 O 100 200 300 0 100 200 300 0 200 400 €00 800 1000
Time (s) Time (s) Time (s) Count

Fig.1 (a) Traces of the conductance G normalized by the quantum conductance Go (= 2e%/h) in air, toluene,
and Cep solution. The bias voltage for all measurements was 50 mV to avoid geometric changes of the
gold electrodes. (b) Histogram of conductance of fullerene solution within one hour.

Reference: [1] A. Umeno and K. Hirakawa, Appl. Phys. Lett. 94 162103 (2009). [2] Y. Tian, et al., Appl.
Phys. Express 16, 085001 (2023). [3] S. Bilan, et al., Phys. Rev. B 85, 205403 (2012).
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Ortho-Para Nuclear Spin Isomer Fluctuations of H20 molecule in H20@Ceo Single
Molecule Transistors
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TIS/INQIE, Univ. of Tokyo, *SIMIT, CAS, “ICR, Kyoto Univ., > Phys. Dept., Tohoku Univ.
°Yue Tian!, Shaoging Du?, Katsushi Hashimoto®, Yoshifumi Hashikawa®, Yasujiro Murata*, Yoshiro Hirayama>,
Kazuhiko Hirakawa'?

E-mail: tianyue@iis.u-tokyo.ac.jp

Single molecule transistors (SMTSs) are useful structures for probing electronic transport properties
of individual molecules. Furthermore, it can read out electronic states of encapsulated atoms/molecules
in the endohedral fullerene cage[1]. The nuclear spin isomers of a H,O molecule in H,O@Cgo, Where a
single water molecule is encapsulated within a Ce fullerene cage, is attractive for its potential
applications to quantum memory. In our previous study, we performed tunneling spectroscopy
measurements and observed para (p)- and ortho (0)-states in tunneling conductance spectra, which
means they fluctuate very quickly between the p-and o-states. However, a systematic investigation on
how the o-p fluctuation takes place is still missing.

Figure 1(a) is the Coulomb stability diagram of a H.O@Ceo SMT measured at 300 mK. We focused
our attention on the excited states below 10meV (rotational excitations), whose excitation energies
reflect the nuclear spin states of the H,O molecule. The excited state lines with energy of 1meV and
2meV that terminate inside the Coulomb diamond correspond to transitions between excited states. We
think the 2meV excitation arises from the rotational excitation of the ortho-water molecule, (1o1-110),
and 1 meV excitation state corresponds to the transition from the excited 110 (N-1) of the o-water to the
excited 111 (N) state of the p-water. This diagonal transition is one of the paths for the o-p fluctuation
of the water molecule. In addition to this path, more paths are available for the o-p fluctuation. A
conduction electron flips the H nuclear spin in H,O molecule by fulfilling the conservation of the energy
and the total angular momentum. Such processes can be indicated by diagonal arrows in Fig. 1(b). The
vertical arrows represent possible rotational excitations of 0-H;O and p-H.O. The details will be
discussed in the presentation.

(@ ,2ves  (b)

0 = =

+10 2,5(N)
= () 110(N)
2| 0N — = 154(N)
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Fig.1 (a) Coulomb stability diagram of a HoO@Ce SMT at 300mK (b) Full map of the possible transition paths
for rotational excitations.

References [1] S. Du et al., Appl. Phys. Exp. 13, 10 (2020). [2] S. Du et al., Nano Lett. 21, 24 (2021).
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AuPd BET/ Fry TEBOESHIE L BSLLORE
Electrical properties of AuPd mixed nanogap electrodes: mixing ratio influence
FREIK!, ERE BHHEE CMyksE |E, M)fH B&' ONH KE"
Nk |/A2, B —£3 ' F&!
Chiba-Tech!, AIST?, NIMS? °T. Sato!, Y. Tsutsui,! M. Takei!,
Y. Naitoh?, K. Tsukagoshi®, and H. Suga!

E-mail: hiroshi.suga@it-chiba.ac.jp

:H:E_

EEe Q] 0 X% v TEMIIE S ) A— MLV ORBIRE R Cm2o0 4 B EMm DA S F, EIn

FIZ K> THERFIOZN R E DA A v FRREFD, FERMEA T ~OICHPEIFRFCE 2.
FATHFRIZEB T, ZOEAA v FROERFFED BB OB SIIKGFET 2 2 LR HE SN T
W52 B EHIIR G R 2 W T2 RO B RHFEIT 620272 o TV RN 2o, ARBFSEIZAU & Pd% iR
A LICEMMEI DT /2 X v v 7EMEER L, TOEKFHEZFHIL-.

[32B2 51%] Fig. LICHIE L= RO X 2R3, JE £250 nm D SiODHEfZ I % i 2 72 /& X525 pm
SiFk LI, BIHRY VI T T Ik o TE— /%1’E§zb AuPd (8:2, 6:4, 3:7) % JIE/F10 nm CHEHLN
BUkE L. =L buwA 7 Lb—a Rl Y, SRR LERMICERS N &R T /U A
YEBWIL, 7/ Fv v T a2 L. BXHE ;t 1X102 Pabl F D ELZE &U@{mbaf‘?fﬁot
FMRHEIZ0-10 VOO ff 5 HEE 2 FIIN LU s o & RIS E R (Reset) S &, 0.2 VOEE THREUE Ot
B 11572, ZDO%EIHIREZ L - 720-10 VOsws [ B EFINZ2 2R TV @Gt SRRt %@(Set)
S, TNTNOEIERIZ0.2 VOEE TEIUEOGTR AR Y 21772, ZOEERINOY A 7 /1 %1000
A T AT, ERURHEZ TN L7z,

[F5R - #55m] Fig. 2 (2)l2 AuPd (3:7)) / ¥ % » 7 ED Reset KD [ —V etk 2 "3, F /¥ v v 7&
R EE B AE 2N B KIZ B LT b BBUT i - 5 APERS#BT (NDR: Negative Differential Resistance)
ZRBT5H. Z O NDR % Btk 5 EILEME % peak voltage & EFE L7=. Fig. 2 (b)iZ Au & Pd DIRER L
peak voltage DBIfRZ /R, ZOFERND AuPd F / F v v FEMITIBNT, Pd DIREENRKE 2D
& peak voltage 2ME T J MM A e, ZOMEMITIMEI OISO EAIZRK L TEY, Bzt
% Au, Pd DJEFOWTIADESE L TEET 272 ERIOBERNZ X bLd. i TILI O OFEMIC
DN Tk d 5.

(£ 3CHER] (1) Y. Naitoh, et al., Nanotechnology 17, 5669 (2006). (2) S. Furuta, et al., Jpn. Jour. Appl. Phys 47,
1806, (2008).

(a) (b) Ratio of Pd[%]
200 0 20 40 60 80 100

SiO, Nanogap
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0L & 30
0 2 4 6 8 10
25
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AuPd

Ratio of Aul[%]
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Fig. 1 Schematic diagram of the Fig. 2 (a) Typical / —V characteristics of AuPd (3:7) nanogap
device structure of the AuPd electrodes during reset operation. (b) Relationship between
nanogap electrodes. Avu/Pd mixing ratio and peak voltage.
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RFHEZAVHEEIZ&S PUTIOBEER KRV YOEMRIL
Improvement of Performance of Pt/TiOx Junction Hydrogen Sensor by
Miniaturization using Atom Migration
ERW "NERA, BA, MKIEE
AIST °Y. Naitoh, H. Shima, and H. Akinaga

E-mail: ys-naitou@aist.go.jp

IR, WRFEHEOF—T 27 ) mY—& LTKBEZRAF—OFNEHARREBINL TS, L
L. KFEFZELKPOIBIERIAD 4~T5% & FEFITIR, £ DRy, BRIPKFEFMTONT, @k
ETATRNX—RAKBEVYRLETH D, ZO Tt vy 7IcEiettm by % H
WDHDBRH I TWDD, ZOREN EDT=HIZ )/ HEEZ D AL D FIEDNEAICHE S
No[Al ZOPTEADIT V=13, T/ F v v TAEIN IS L, |IETHINE TREZR KR
TV ERRFE LR, LrLZotr i, @EBERICERCTCOE 713 TE3, 50CH L
DMEAZ LEEE LT e, ABFFETIE, RIERE T CEEEEL EHT 5720, & 572 501k
IZ R DmE LA HEE L7z, AiElOFEFTliE, M@)ERD X 512 TIOWBEEREOE ST/ Fv v 7
DOIIZEY . &S« BHFRO 2 RGTEDOT /A b ZFBEL L TR, SRIEES 52, EERN
\Z & 2 RATEIC R B B (Forming BhF) & F84 S RPN EEM S22 M % 2 & T, K(a)
HERLHEO)D LD ICBATH b G2 3IRIDT ) A ZfbaFEBL LT, £ORE, WEIC X
e YPREOREIIZDH D b DD, HEiR THMLE 88% DERE N Th->Th itk
JAREIRARFE R Y A FEBL LT, S HICEMEBLE D IV S ImV IEBARETH D5 Z & 2 EFEL .
JRPE ) 1720 T ORIEZREE ML b FIRFICEI L2 [3], F#EH TIE I b OFEMIZ OV THRES
2
[1] H. Gu, et al., Sensors 12 (2012) 5517-5550.

[2] Y. Naitoh, et al., Sens. Actuators B Chem. 371 (2022) 132531.
[3] Y. Naitoh, et al., SSRN (2024); 10.2139/ssrn.4781236.

(a) Conductive (b)
’ %
Pt Pt
8 nm
onductive;
W ilament
TiO, Thin film 40 nm
— Y-

Figure (a) Schematic diagrams of hydrogen sensor before and after forming operation (b) FESEM

image of a conductive filament fabricated by atom migration.
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EHBEMLEIEZ X vIL MgsSh, BIRDRERHE
Thermoelectric properties of strain-relaxed epitaxial MgsSbz thin films
ZAREIL! BAXET? ELB° OB Bt #) B YE £

WA HE? KRR B2 WT #—8° &k aE!’
Ibaraki Univ.1, JEOL?, AIST® °Shunya Sakane!, Akito Ayukawa?, Nozomu Kiridoshi?,
Wakaba Yamamoto?, Akira Yasuhara?, Yuichiro Yamashita®, Haruhiko Udono?

E-mail: shunya.sakane.sz12@vc.ibaraki.ac.jp

[F] ZavE CTERLE Ced SRR 2~ 3 BGEMEL & L T BixTes R BN RENIFES T
723 A Mg F Zintl bS8 Z U IEECS D YERE A R 2 & VRS ST [1]. BRI, Te,
Cu R—7 L72 Mg32ShoxBix (CEBWTEIRITET ZT 8 1 282 5WENH Y . EAL~DOHEN
BESTND [2, BAIZINET, R EX 3y — (MBE) EICXV V774 7HM I
MgsSh, # B X oy Lk L, TOBEREZFHME L C& 72, 7 74 7EBRICH L TREAT
TOBMIRZ N Z 5 2 & CRBLAPED T B X % 2 v L MgsSh IO ERUC I LTz, F7-. A
BEEmWEBEINE AR L, 2 E THRE STV D MgsShe A LAl 5 @m0 IR 2155 2 &7
ShroTe [8le ABFIETIL, HIROME ZFEAICTHET 5 2 & T, 2 0mWEVERMEORIREA 5
ML, b7 tkREn oA HL LA HME Lz,

[ERFIE] €7 =T WiRE AT ey 7 747 (c-AlOs) FER A BEH L, Z D% K& T 1000°C
TELHT 5 2 & T, kR ZH 7 LV TR LT, £0%, MBE EEIZEA L, Satkii
JE 550°C T/ X—t ot/ ZHWT Mg & Sb Z[RIEHIAET HZ L T EHX X % /L MgsSh, /#
A ERL U 7=, R a4 (RHEED) (24D in-situ C© MgsSh, D= & ¥ & v LR %
R L, X #REHE (XRD) R B BOEL G BB A= 45025 M 7R 7 BMeE (HAADF-STEM) JAIC XY
ex-situ CHEERHMI 21T/ o 70, Flo, (ERL7-EEDOE —~» 7455 S, EXiniE®Eo% ZEM-3 T
BIEL, A—RRIEIC LD ¥ U 7 HE L BB EZRIE Lz, P8R IRk —E Y
7L & A (TDTR) EIZK W flIE LT,

[ F2BakE ] S E T O RHEED /8% — > % in-situ THER T2 &, REELICY 7 7 A 7 0O
Proxz—2NARY —=ZHRIZEIE L, MgsShe P E X XUy LR L TWA Z Engnot-, &
7o, RAEBIZEYT NS = OMBERIRNR Y BHPEMTIHETFAR O, £ 2 CHrim
HAADF-STEM #5232 1772 5 & FEH S E AIZB W TREICZE B 03EFD L 72 MgaSh, IR 235 51T
WD Z EDBino T, AR TR, BAERM LI OBEREIC OV TREMICE R L2 NE &
RRKY D,

(el ARRFTED—EE, AMEEAN D > ARHARBLU O R IC L v {Thbiviz,

[ k] [1] J. Zhang, et al., Nat. Commun. 8, 13901 (2017). [2] Z. Liu, et al., Nat. Commun. 13, 1120
(2022). [3] A. Ayukawa, et al., Appl. Phys. Express 17, 065501 (2024).
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Effects of Annealing on the Stability and Thermoelectric Properties of Li-doped Mg2Sn

Epitaxial Films

°(D) Kenneth Magallon Senados'?, Takashi Aizawa?, Isao Ohkubo?, Takeaki Sakurai!, Takao Mori!*?

IUniversity of Tsukuba, ?National Institute for Materials Science

E-mail: s2230087@s.tsukuba.ac.jp

The recent focus on thermoelectric (TE) devices tailored for Internet of Things (loT) applications has
highlighted the potential of thin films, particularly Mg.Sn and its derivatives Mg.(Si, Sn, Ge), due to
their cost-effectiveness for such applications.! In our previous report, we examined the efficiency of Li
as a p-type dopant to the TE properties of Mg.Sn films grown via molecular beam epitaxy, where XRD
analysis revealed prominent Mg.Sn(nnn) peaks with the presence of secondary Sn phases, and
thermoelectric property measurements indicated an increase in electrical conductivity with Li doping
and increasing p-type Seebeck behavior with rising measurement temperature.? However, further
investigations through cyclic measurements of thermoelectric properties showed instability in both

conductivity and the Seebeck coefficient after one cycle of measurement.

To address this instability, we investigated the
effects of annealing on the thermoelectric properties
of Li-doped MgSn epitaxial films in this new study.
After annealing at 473 K, all Li-doped samples
demonstrated a uniform trend of decreased electrical
conductivity accompanied by an increased Seebeck
coefficient. These results suggest that annealing
significantly  enhances the stability and
thermoelectric performance of the films. The
highest power factor was ~2.86x10-* W/m-K for as-
grown samples, while it was ~2.40x10° W/m-K
after annealing. Hall measurements revealed that
carrier concentration decreased while carrier
mobility increased post-annealing. Analysis of the
carrier scattering mechanism using the Pisarenko
plot, which shows the relation between Seebeck and
carrier concentration at 300 K, suggest a shift from
ionized impurity scattering to acoustic phonon
scattering, resulting in a significant increase in the
Seebeck coefficient and a decrease in carrier
concentration. This also suggests a significant
reduction in defect and impurity levels (Sn phases,
Li interstitials) after annealing, further supported by
the observed disappearance of secondary Sn phases
in XRD measurements. These findings underscore
the beneficial effects of annealing on the
thermoelectric properties of Li-doped Mg.Sn
epitaxial films. Additional studies will be presented
to provide insight into how annealing alters the
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Figure 1 Thermoelectric properties of as-grown
and annealed Mgs.xLixSn films.

dominant carrier scattering mechanisms and impacts thermoelectric performance.

References

1. R. Santos et al. "Recent progress in magnesium-based thermoelectric materials." Journal of

Materials Chemistry A, 6(10), 2018, pp. 3328-3341.

2. K. Senados et al. "Efficiency of Li as a p-type Dopant in Epitaxial Mg,Sn Thermoelectric Thin

Films." The 71st JSAP Spring Meeting 2024, March 22-25, Tokyo, Japan, 2024.
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RTADEEETOERIZEITEBBHRA R 5 —E&& Fe,VAI MEOER
Formation of thermoelectric Heusler alloy Fe;VAI thin films by the alloying process of RTA
RIKESREF OM)NIRE X4, BH BX, il 4
Tokyo Tech, oDaisuke lida, Yota Takamura, and Shigeki Nakagawa
E-mail: iida.d.aa@m.titech.ac.jp

[1Z U] B PEECIRIR 2 W BVERE T A A [1]% FEBLT 5121F, 100°CLL F OKIREREE
THEW ZT 2R THMEIOBRBRNLETSH L. TOEME L TEE CEELR TRZN LR EIND
Fe J ok A 2T —BEICHEENEFT > TV B[2]. FxlTZnE THRA AT —5H4 CoFeSi & @i
IR D8k e LT, Beoiaiond o BRI A2 FEkE L 7-M& % Rapid thermal annealing(RTA)
WX TAEILT D HEERB L TCER[E]l. X618, ZOFEE ESUSED 8O HER) D
SN D Fe FahA AT —A4 FeTIAI EIRICEH 35 72912, Hii-cB{EbsIEE a2k, 7=
VEKRBORETADBEILFMRAERND Z EARE LT, TOREER, RTAFHFOREHRTE L
W XD O Z I L, L21 fHD FeTIAl EEDIZERIC T LT, [4] AR, ZOFiE%E
IR RS DB — = 7 RS FeoTIAl £ 0 & K 7¢ FeoVAI IRIZIE A L, L2 & OFERICEED L
Tl OHET 5.

[328J71%] Fig. 1 12 RTA (2X % FeVAI OB HiEE R~T. AHEER EICA Ny ZIET
W(30nm)/V(30nm)/Fe(30nm)/Al(30nm)/W(30nm)/Al,03(30nm) % ELZZ—E Rk L7-. F#o ALOs &
IR OBIL D=, ETFTO W BIXE4 L ALOs ], A4 & SiOo O RIGHIEE THh 5. RTA
IERRUCE D H L7152, T2 LKFEOIRE T A(Ar: 98%, Ha: 2%)5PHAH T, TR 700°C,
R[] 20 73 DS TIT o 72

[FEAAS 3] Fig. 212 RTA % Okl XRD /3% — > %777, RTA #13 Fe VAL D[l & Bh1EE T
HHW OEHTOHLBBHIS L. ZOZ Enn, HEtEOBBERMENTXTEalbL, WITH
Kge LTEDOEEED Fig. LITRTEEMGHEEST-EEZEXLND. F£72, FeVal 8%, (110)
Blim U, #8803 5.74A (7L 7 fil: 5.76A[5]) 72~ 7=. Fig. 3 I FEZMG Y 728 HHlE L7z XRD /%
Ho— 2 Ze g, FEAKS AR (400) & BBES FRR(200) & (LIDEHF S R 5TV D Z &b, L2 A
EEAT D FeVAl SO R 2 MR Lz, 72, MER»ORAELZFE LZE 25 B2 Sl
FEE L2 AT & BT 100%E 720, TR LR A AT —A&@R7R ) mWHAEZET 5
ZENbom. MHEIL, ARTERICHEIH L7z FeVAI RO EVEVERE: K ORI S BE T 5.

[#tFr] R TERFA—T 0 7 7 U T 48 o Z—OHE P & B Wi S e R 2 F)
HL7.

5
AlLLO, AlO5 - 121 w:Titangle o
- - a100058|\§ e B
Al g Ec|lZ = 8tz )5
= =, = = =4 2 =, ]
Fe RTA Fe,VAl g ; §c||| & 5 8 % g g7
A s = = g 6r
N T B -
e I R
C 2r
40 60 80 100 26 28 30 32 62 64 66
26 (deg.) 20 (deg.)
Fig. 1 Rapid thermal alloying Fig. 2 XRD patterns for the Fig. 3 FexVAI (111), (200),
process for full-Heusler Fe;VAI film formed with RTA. and (400) XRD patterns for
Fe;VAI alloy thin films with the Fe;VAI film formed with
reaction prevention layers W RTA.

and A|203.

[1] Y. Shiotsu, et al., IEEE Trans. Electron Devices, 67, 3834 (2020). [2] Y. Nishio, et al., AIP Advances,
9, 125003 (2019). [3] Y. Takamura, et al., J. Appl. Phys., 103, 07D719 (2008). [4] &k, %5 71015 H
PR RIS, 24p-P05-28, 2024. [5] E. Popiel, et al., J. Less Common Metals, 146, 127(1989).
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& - REGHIE L 72 ZnO FAR/r-AlLOs D€ — X v 7 {ZEIE K

Seebeck coefficient enhancement in ZnO films/r-Al203 by controlling strain and defects
BRABEEMT 1, BRABEL 2, OD)/MAR #i', FH& &EE' (ki A2 Sf FHA!
Grad. School of Eng. Sci., Osaka Univ.}, Grad. School of Eng., Osaka Univ.?,
oYuki Komatsubara?, Takafumi Ishibe!, Kazunori Sato?, and Yoshiaki Nakamura®

E-mail: u838364f@ecs.osaka-u.ac.jp

[FR - BHH] BE, =XV F—n—_2 T ¢ VT O—2 L LT, BEREER A EEA R
AIREZRBVER ENEH ST 2, BV R B2, ORF (S2o; S 1T —y 7 {25,
OITERLE ) OWR, BYZER (0 OREANETHDH[1,2], ZivE THRL T, BVEMEO
SRR T, BIABVEMEHCEH LT & 28], MR, Foxid, Bix 2R Ao FER
ZHWTZE X % v /L Aldoped ZnO (AZO) A (ERL7- & Z A, AZO #lE/r-AlO3 28 AZO
HENREIC-ALOs KV WS A RT Z L AFA L, EORLLIERECIIADER (m) R L
I BT LT2[4), EVRHNERICH L CED LI IERT 200805 Z LI L TR
Wi Th oo, £ T TAWIETIZ, AZOI-ALO3 IZH T 2w SIL O 2 Elip L BRIt R 4 2 2 T
HOMITHZE2HNE TS,

[EZBFE]  AEBEREICIE, SV A L= —HEREE A e, RS X — 7y MZiE, Zno
B3R & a-ALOs 3 K Z1RA L. 1100°CTHERS L7 AZO Z Wiz, fERL7=%—47 v hE MW,
FERFAK T T r-AlOs 5 FIZ AZO A = v 4 & ¥ v LR Lic, fBEREmICIT X BREITE

(XRD) %, BNEHEFEICIEL ZEM-3 & BEESSERELEE 2 -,

[BR] KA AESGEICHERT 2EEZZIT THE Lz AZOI-AlLOs DR EH A W TH i
HEEAITV, EFOmMEZFHHELLEZA, KEREICHA SN TS ERETEIMIXIZEALE
LN EBNhoTz, —Ji, Al O R—7 &% [EE L CRRIRRF OIS /YT 2 I L TRk E
ATl & 25, BRESEMERT HICoNTH v U 7HE, £, BLOm KT 2ERE2S
oo ZDOZEND, BEHEDERHE L OEIZEL 5T, AZO NIZ R —XKIETh 5 IRFELK T
MR ER T 5 2 & TIRERNIZRBEM TR S, RO RNRMT 2 Z L1280 m 23R
L7ceEZbND, AFRHTIX, KRB TH LN SR EZOYIIZOWTHIRT 5,

[BEE] ARFTEO—#E, HARFZE A (23H00258) D AEIC X v iThiviz,

[51A] [1] Y. Uematsu, et al., Nat. Commun. 15, 322 (2024). [2] T. Ishibe, et al., ACS Appl. Mater.
Interfaces 15, 26104 (2023). [3] T. Ishibe, et al., Appl. Phys. Lett. 122, 041603 (2023). [4] /IMAJF hifst

[2023 47 %5 70 [7] s R 2 iamsi ], 16p-D411-9, 2023 43 H 15-18 H.
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BELGNV FMEEZFTHIEZ T vILB20-CoSi HMIE/Si DERERE
Thermoelectric properties of epitaxial B20-CoSi thin film/Si with peculiar band
structure
BRABEEBET ', BRAOTRIZ BRABEI S, FE#H*
OR#EE B2 {kik FAI°, LT ME—BRY S FH2
Eng. Sci. Osaka Univ.!, OTRI Osaka Univ.2, Eng. Osaka Univ. 3, AIST*
°Takafumi Ishibe'?, Kazunori Sato?, Yuichiro Yamashita®, Yoshiaki Nakamural?

E-mail: ishibe.takafumi.es@osaka-u.ac.jp

[Zr] Si For LEEEGEREHT Internet of Things & o0 HEZEFRE LTSN TW 5, 2,
BIERRM LI2I1X, ZT=S2cTk? (S B—_ v 715 H, o BRIAER, © BYEE, T HxhRE)
DERPRD B D, LA L7end & BAE 3WMEMICITMBIRIR & 572  ZT BRIZ# L v [1,2].
S RIZIE, F v U T ALY FEE ORI A LE TH 5, 2019 T, 7 = /b I AT
#7280 FiEiE (Dirac band & Heavy hole band) %49 % B20-CoSi /NV 27 4, #EF-7 4 / VHHA.
ERICE V@ Sorrmd ZENMESh [8, LL, =B #F T v /L B20-CoSi HIK/Si % 1Ak
L7e & 1T < . 2 OBVERHEIZI B 2N o Tvien, ABFETIX, =4 % 2 v /L B20-CoSi
HIEOBERE L v U THEMELZHA LT L2 I ET D,

[5#:] B20-CoSi #5130 T-Hr— &% % 2 —JEIC L 0 B S 7z, ARSI PEd L7 Si(111) 24K
HEBEEZEEA L%, SiNy Ty BAERKT S 2 & T SiERRE ARG L., KRIC, =t
Z X VEEDTZD . EIE 20 ML 0 Co W18 A Rl L 72, & #%I2, ZEiR-200 £ T Co & Si &
[FIFEIZ K353 5 2 & C B20-CoSi % ik L7, HibEigic TP EE L, N Mg
R 13 7 — U = BHIRGRAN 6L (FTIR) &2 7o, BVERHERIE 21X ZEM-3 (Advance Riko
Inc.). 4 %%, Hall ZRME %L, «HIEIZIE Time domain thermoreflectance 5% v 7z,

[FER] Co Wi 28 A5 Z & T X ¥ % /L B20-CoSi #lK/Si ORI Lz, ko
TeOIZT B H %o x VI & G EIRE O FTIR IE 21T > 7o /G5, W5 & & Bas & [Aiko /N K
WiEEATDHEMIRTEDLLDOTHoT, £/2, S OF v U THEERFEMEL, —8XF T v
Mo, Ak AN & b ICRIBROMR AR Lz, Zaud, W, RS0y Mgz 352 &
WA T, WERICRBWTIE, RFEOT X —KFE2 AT 2 BELaRIcHEE sy VT
WA AR T D Z EICERT 2, — T, KDDL 72028 X X2 v LRI, KMEEELOE
BRI ZRERER LD bEWBEIE A2 R Lo, KEBTIX, =B % %2 v /L B20-CoSi
N DENERE & £ OWEIZ OV TERRT 5,

[BiEE] AWFTEO —ERITREE: JEARATFE A (JP23H00258) . FAEHFZE B (JP23H01361) . #5F-HF

7t (JP24K17613) DIARIZ X W Tl
[Z%&C#k] [1] Y. Nakamura, et al., Nano Energy 12, 845 (2015)., [2] T. Ishibe, et al., ACS Appl. Mater.

Interfaces 15, 26104 (2023). [3] Y. Xia, et al., Phys. Rev. Appl. 11, 024017 (2019).
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J)L—Y A FRABZEEMHOEFRE

Electronic structure of colusite-based thermoelectric materials
AKRBRARIET L, BRABEL 2, AKBRL® SFEAHEY OXEH —8' &R &',
HE X2, B €20 BF B AE ®a FX EA2 KE R
Kyushu Univ.13, Osaka Univ.2, Univ. of Tsukuba®, °Koichiro Suekuni?, Takashi hagiwara?,
Shota Ochi?, Susumu Fujii??, Seiya Takahashi?, Eiji Nishibori*, Masato Yoshiya?, Michitaka Ohtakit

E-mail: suekuni.koichiro.063@m.kyushu-u.ac.jp

Z)L—H 4 b CuxT2MeSs2 (T =Ti, V, Nb, Ta, Cr, Mo, W; M = Ge, Sn, Sh)i, IR\ VAVRE R ¢ L Hiig
HEWH AR T %7t (S, B—~w 7485 p, BERIHTR) 20RO p MOBELWBIE TH 5
[1,2], CuxT.GesSz (T = Cr, Mo, WYDHFZE/N G, TO A F > DA X% W, Mo b Cric/hE< 4
Le. FYUTRENAFETHLIZH0POOT, S BREBIITHERT 2 2 LadmE Sz 3.
Bex OEFTOWIZETE . CueT2GesShsSs (2B W T TH*DH A X% Ta, No 225 VIS5 LA
RO S ORPBIHI ST [4]l, ZHE TIIH RSN T A —2 LWPEE L O EZ I~ TE
7oy, AL CTIEHE —FEEHEZ AW T, B a0 b & 2 OBER % iim L7,

FHRIZ X V13 54172 CuzsT2GesSs2 (T =V, Nb, Ta) DfEFnis & o JF 1 [# i (Cu-S, T-S, Cu-T) 1%
Jich e X MRIEIHTCTHF H A7 CuzsT2GesSbsSsz (T =V, Nb, Ta)D & @ & Hlgi) L < —# L7z, BXUE

w5 2B, MRS T RIC B h 588D K (LLF, MAEARY RET AR
¥ R) DB, CuxpTaGesSa i, 7 = /b IYENL B MlTEE T HNICALET 5720, BRI TH D,
TAAEZTaNb B VIZEZDE, MANAY REZ XAV X —BIRERETH LI, T RNV R
TR F—=MET LU ERICES< &I, VNS <ol TONY FEEERIERS T=VIZ
BITDSHEROFERKTHL LB HND,

N REE~DJRFHUE DTG E2FHRDH L, T A3 RIZIECu & S OHFEIZMA T, VO
WAEDR Y b EEND LD o7, 2O AT+ Th D SOLMEm<PuE Th 5, £/,
Cu26V2GesSz DA /X7 A — 2 Z T, V ZERW T ARAEFAL Cuzsl1.GesSs DFTH 1T -7
FEAL T RS RO M SRS RIZHRTRES EHIZV 7 P L, TROHDOFERNG, T 3y
ROTZR VX —I2E, V-SHE (T-SHEA) NEERERELZ 52X TNDLEE25, SHIT, T=Ta
Nb,VZH#ZT 5 & TA AL DAdED TR LXF—PMEFT 51T E T Ry RO LF—2 (Br

M) IR EWHHERA LN, LLEORERNS, a—Y A FOEFHEEICIE, T-S
BERBLOTAA L DOdPUBEDO= XX —PNEHBEREFEZ R L T0DHEEZILND,
[1] K. Suekuni et al., Appl. Phys. Lett., 105, 132107 (2014).
[2] G. Guélou et al., J. Mater. Chem. C, 9, 773 (2021).
[3] P. Kumar et al., Adv. Energy Mater., 9, 1803249 (2019).
[4] REEfh, 2022 4= 25 83 [HIIS B -k F A ifrak i =, 21p-C102-6.
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Fe &M Ge ¥V SAL— FDEREZDREREDHRE

Preparation of Fe-Doped Ge Clathrates and

Investigation of their Thermoelectric Properties

WE/NEFETILILOREX !, hKBREL?

OM)ARF HEAR', HBE B2 PR B!

Sanyo-Onoda City Univ. !, Kyushu Univ. 2, ©Yuhi Kimura!, Katsuaki Hashikuni2, Hiroaki Anno!

E-mail: anno@rs.socu.ac.jp

FC&HIZ

B4 RTEFEER—RALT5H7T A L— I,

Phonon Glass & Electron Crystal D& DO ELE
MEHERO 1 5L LTRSS TEYD (P TH
Ge K7 7 AL — MImWEEMLREZ S L
DHTH AL TN D, FERDBFFEIZ I TRE A DI
FEH & T OBERME~OREIHE ST
W5, ZAVE TIZH A 13, p i BasAusGes (235
WT Au % Fe THEEHT 5 L BVEMERED M)
oz aHmEIL TS, £72, Ba-Fe-Ge
FRIZBIT D7 T A L— MAEEICET 5 FSE
WEN D D D, AWFETIITHTIZ 72 n R E LD A
REVEZ PR D 728D Fe THB /7 EHA L 72 BagGai6Geso
DYERLE Z OBVERFEIZ OV TRA L7z,
EEBRAE

Bag>Gaje-Fe,Geso (x =0, 0.5, 1, 2, 3, 4, 6) DL
AHRE TR 2 & LB 2 7 — 7 18
fif LS4 > 2> h% 90 um DA FITH#EL
Tete. £ OMKREMET T A~ BERE Lz, 3B
Al & LT BR X T (XRD) R, Ak
T BAMEE (SEM)#I%E, 7 n—7~A
7 v Zitr (EPMA) % Efiii U 72, st D ERnE
o, B—_y 75 S, Y8R k., BILD
Hall % v U 7R n ZHE L 72,
HWREBER

XRD [EHff /5 — 2 b 45F Bz alkk o A1
37 7 AL — MEETH-ToH, Fe BEELEAT
S TCRBHIII A S E EN T\, 7

EPMA #5R0> HALAMARICHERTY T AL —
NMHED Fe ML END 72 < HIFFB D ICEHR T
XTWRWTZ PRI, Figl (2R
PZH1F D S O n A7 EZ =<7, x>0 DOk
TIE n EEINT D721 o 1TEML S 13D
L7=25, ARVEE m¥I Kk Lz, ZOfE»
B, ARVEENER LT Fe BEHLE CREE L,
Ga/Ge LhZHIHHI LT, n 2D S DT T
SHUTBEMREDS R T D LRk S5,

-
o
o

Seebeck coefficient (uV/K)
3

0 L
1020 102! 1022
Carrier concentration (cm™3)

Fig. 1. Carrier concentration n dependence of

Seebeck coefficient S.

SE Xk

1) G.A. Slack, MRS Symp. Proc. 478, 47 (1997).

2) R, EEE, BEZEEA, 2023 455 70
B B S BRI 2, 16p-D411-
13, (2023).

3) A. Grytsiv, et al., Int. J. Mat. Res. 100, 189
(2009).
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Starrydata [ZE T HBEOREMBEARDILEHERE S
Chemical composition distributions of thermoelectric material research in Starrydata
WATERAE |, BLIK °, BT, BB, S =X’

O Wh V25, [ B, /bl ST B SR, Dewi Yana!, BEE RHIE M,

B S—1, EH K, AN K BB R S
°Yukari Katsura 3, Tomoya Mato!, Eiji Koyama!, Atsumi Tanaka', Dewi Yana!, Erina Fujita'#,
Fumikazu Hosono!, Yu Takada', Kaoru Kimura*®, Masaya Kumagai’*

NIMS', Univ. of Tsukuba?, RIKEN3, ISM*, SAKURA Internet Inc.5, Univ. of Tokyo®
BVEAMEHITRRZZEM OIEF I R ERBEEEME TH D, FTEELRITFERITI WV TEERICHE
Bl 5720, BVEMEIOBEMWEITIEEICZ ), ERIBETHRBEIRIC K 2 BMRESR R CEVERF
PENBET D7, ALFHEROBHES &V, £ L Tl R—7&~OF v U 7 R—7IZdhd
% F TIHRWERGTEREFE R ZT L SivienWic o, FLEREEM B WK & S5 aRgtk
b, TARBEHES & BREND, BEM B TIZ%ERR T — % 0 Materials Informatics (MI)73
RERBERNZR-ST EZ2 005, 20D, FxlZMAEBRF O Starrydata2 web > 27 A[1]% H
WT, G B EVEREOIREEREIED 7T 71T N T2 ER T — 2 A LA —T T — 4
N—ZEMELTE e, ZZETHNI TamXhb 5 FEULEORBHZONT, 14 TH—7 LD
BVERMEDIRERFNET — 2 2D TE e, ZOT — X T LT, EDHIEE RIT LIk
ok — L LI BATKEED Z LB TE U, mWBVERMEZ S b T 9 ZoRIRSRZEH 2 Al i
LU T, BVER B ~OHHS AL THRRIICEMEHRRONIEZITO TN TE D,

% ZCARGE TlX, Starrydata FICEVEREE OISR S VT2 EHZ DWW T (LFHAUC S < %
TV, SESELMERICBVTBERICER S NIALFMK D /34 &2 PCA (TR 5HT) |
T2 LIERR AR T 2, K 1ITRT LI, 3 R TIEEAMBROZIR, 4 50R 2
ETIE R VMRS S, SO BVERHE DR B D TEI A~ OIFERI O R A BIZR TE T2,
2 3CHR [1]Y. Katsura, M. Kumagai, T. Kodani et al., Sci. Technol. Adv. Mater. 20, 511 (2019).
BEE  AHFZEIE IST-CREST JPMICR19J1, FHJF# 19H05820, 19K04999 D3R 12 b D Th %,

(Mg,A10.666(S1,Ge Sn)0.333 [20 clusters, 1221 samples] ey P e e ey o Goj0.5(Te,56,510.5 [20 chustors, 4116 samples] R
WigSi VgGe o [BiTe, S PbTe i
] ] S
po [}
1 (%]
. | i
Bi,Se; | oS a
szTE3 1 : )
%' Sb, 5BigsTe, " . ) é__sn‘e
3 , Mg,Si0.4SN06 . o 2] p‘o‘\'ei %
| P @ . . \ ;i 1 o)
Me;Si . ~ ' Bi,Te
L ‘ Mg,Sn ‘ 23

1. Starrydata Sample Explorer (https://explorer.starrydata.org/){Z & - T R[4k L 72, Mga(Si,Ge,Sn)>&
(Bi,Sb)2(Te,Se,S)3 . (Pb,Sn)(Te,Se,S)5% DEVER BRI DL FHLAL D PCA v~ v B 7
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Ks[Fe(CN)el/ Ks[Fe(CN)lKBRZBREL LTAHW:
FBHEBRRRN AE ORI
Semiconductor-sensitized thermal cell using Ks[Fe(CN)s]/Ks[Fe(CN)s] aqueous solution

RIKME " (HelleThermo? O M) FEH KXH L T #F 12
Department of Materials Science and Engineering, Tokyo Tech?, elleThermo, Ltd?.
E-mail: nishii.t.ab@m.titech.ac.jp

[FZEs 5] Fox (HKIEPEEV: Eol EIC B EICHFET DRI A —0FNEHZ BN E LT,
a3 (R R BV EE . (Semiconductor-sensitized thermal cell, STC) DHFZEIZEY FLA TV 5.
STC 1T aRHBA KB A BRI L TR Y, B 22 EhilcE &z CTRET 2 HEMT
b5, TIETEARET LD STC OWFZENT2 S TE 7N, JRERER e & OLBEMEICIEE -
TRV, WEBRMZR EHAM BIZET 2523 TN TRV, 22T, BEEREICERT
LIRS A —F O—D, EREROILER O B2 B Lz, ko STC TIXEMIKRE LTH
DARRE DT R, —RICE S FIEIR LD SRR T DIEBIRE O B R E N & o
5, AW TITEMIKE L TKEEZ WS Z L& LTz, Ks[Fe(CN)g)/ Ka[Fe(CN)e] /KT 13643
HRAUKIGEMOERFIN SV, BER—BE LG ERI L, JEHREBREZ D L0 ) FFERH
5. TD7=%, Ki[Fe(CN)gl/ Ka[Fe(CN)e] /KR & BEfiftik & L CTHWT STC OB NMAERIZIT 72,

[FEBR ] 9, Si D Ks[Fe(CN)s)/ Ki[Fe(CN)g]

IKEHRIZ3HT DLTEME DR 21T > 7=, Si FE# (10 mm

X5 mmx0.525 mm) % 0.04 M Ks[Fe(CN)g])/ Ks[Fe(CN)g] [Fe(CN)g]3-/[Fe(CN)e]*+
KPR B C 3 D45 min, 1 day, 10 days) Ciz L o
THREZNFHMBE CHE L7z, 51T, ICP oHTIC &

D Ks[Fe(CN)e)/ Ka[Fe(CN)el/KIEHRIZ X3 5 Si DIAH &

BRI L7 2 PO si{} \ Insulating

HE L7z, WIS, 7 v %2175 72 SiZEH (10 mm double-sided tape
X10 mmx0.525 mm) |2, £EMHmE L TH—R L X—2A Carbon paste

1(0.125 mm)%& A% — |\ K0 B L7z, Bk E v

T 24h, 25°C, 500 rpm OSMETRAHET 5 Z ik Fig. 1 Schematic image of the

Y 0.04 M Ks[Fe(CN)s)/ Ka[Fe(CN)slZK iR A {EHL L 7=. fabricated STC cell.

Mtk — 7 (2 mmX6 mmx0.114 mm) % Si R
OS> 72 B DIZ Ks[Fe(CN)s)/ Ka[Fe(CN)s] 7K

Wika~A 27~y hC1luL i F LT ITO (Indium 0.04
Tin Oxide) A% (10 mmx10 mmXx1.1 mm) &#e7r, 0.035 |
STC B &/ER L= (Fig. 1) . Wi, ERL7=&/LR 0.03 |
STC & U CHEBET 2 D esB 3 2 7= DI RFE O 0.025 1
A1 T>7C. g %27
[ 5 & 5%2] K[Fe(CN)e]/ Ke[Fe(CN)el KV I 15 L |
1o Si Mo A RSB CRERR L7 & = AREOHH] |
72 IR CE o T2, Ez, ICP Hric L 555 R ° ol
ICBWTH, Si DIEHEIL STC OE#NC K& 788 -0.005 }
PRIE SN L BN X7, Ka[Fe(CN)g)/ oot b L
Ka[Fe(CN)e] /K&K % EEfifHk & L CHw 7z STC &/LiT 06 -05 -04 03 02 01 0

Voltage / V

%f L ITO Z %, Si ZEffE LCHA 27 U vy 7R _ ! _
By A MY —Z k5T 25CTOREVERE DN 247 Fig. 2 Electrical characteristics of STC using
7 (g 0. SIS 05V, AAIT00% 5 < TeC KIFCN)] aumus sl
AThol. TNEDI LN, BHIKE L TARR P ' '
Z AW L STC O AR CHRBE DR S .
XTI, XVFEMRERIEFERIECOWTHRET 5.

[Z75 3]

1.Y. Hida, T. Isobe, A. Nakajima and S. Matsushita, Bull. Chem. Soc. Jpn. 95 (5), 813-818 (2022).

2.'Y. Inagawa, T. Isobe, A. Nakajima and S. Matsushita, J. Phys. Chem. C 123 (19), 12135-12141 (2019).

3. S. Matsushita, S. Sugawara, T. Isobe and A. Nakajima, ACS Appl. Energy Mater. 2 (1), 13-18 (2019).
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FEARBIBF B Ge IR BB D /FH

Preparation of Ge powder electrodes for semiconductor-sensitized thermal cells
T RYVE !, EPFL?, elleThermo?, Ltd. O (M1)#5%#¥ !, Thomas Bour? Eric Greulich? #A T £ 13
Tokyo Tech. !, EPFL?, elleThermo?, Ltd., Chunxiang Yang!, Thomas Bour?, Eric Greulich? and Sachiko Matsushita'-3
E-mail: matsushita.s.ab@m.titech.ac.jp

L[ E]

T2 L PEACHEN L Vo 2R CHARICEE ICHFES 2B AL F—DHMIEM Z HiV & L, R gEA
KIGE 2> & 5 1 % 15 72 - B A IR AU 2R FH 28 itk (Semiconductor-sensitized Thermal Cell, STC) D% - Fil
FZAT o T BN, AR T HER OB ERIC X 2 BLREITTKICEFIH L CRET 2 28 E RO
By CEEAREMEEOMMAGE L SN TWwb, £ 2 TR I H7- Bkl e LT Ge ¥
B X —F v 27 Ge ~— R b &M E L LCOREHL, RRIBE R 23557,

2.[RERFIE]

Ge A (Germanum Metal 99.999% Powder =45 um, 7 V7 F{L¥) % R — L I L (P-6,
Fritsch){Z X Y 600 RPM T 10 73 D &4 2 [kt L K828 20 pm LA R KK,
THEE T T, F6N07 Ge BMAEKRED GeOx & 7 v IEBRIC X VEREL 72, 7
v BRALELE 7 v B2 (4 wi%) T IC Ge A% 15 3R &R EMK T 2 BIYEES 5 2 &
TfT 2 7z. Poly(vinylidene fluoride) (PVDF) 0.341 g % 80 °CICHIZA L 7z 1-methyl-2-
pyrrolidone(NMP) 9.7 g,12.7 g 12 2 UE AR X &K ) = — Wil % —ofEi L 7=,  [i& 1. Samples prepared with
B = — AT L1250 0306 g,Ge Bk 4.002 ¢ % 300 RPM C 24 BsfliR Afitpp L, o O g (eft)and 12.7 g (right) of
MO Ge <—Z P A{FHIL 72, ZRNTHDOR—RA b E_—H—RT 7V r—x "ME

— C—[al#fE (1.5 cm X 3.5cm) FIC 3 em R4 L,80 °CT 24 Kz X & 5 2 & T2 D Ge *— A b

WA G2, ZD%, A=Y =L LZEZ 114 umA» 7 F v 7 —7(1.5 cmX 1.5 cm) D H.LICTERE 6 mm

DM %Y FTYIDEY,Ge ~— R P EMICH Y {1372, PEG1540 %M L L 72 B (Cu’0.25 mmol/g,
Cu?*0.25 mmol/g,NaCl 0.6 mmol/g) % 717} v 7 — 7 DA, 1.5 uL i F L, FTO &K (2.5 cm X 2.5 cm)

AL LT hichseTert L (KM 1D, REICHAL T E—HI—Y Y 7,40 "COIEI
FEICERIE L, Scanrate 10 mV/s DEEFETHA 27 ) v 7R Z v A b Y —CV)HIE
L7z,

3[RER & FE]
NMP 9.7 ¢ TF#LL 72 Ge ~— X FEM(X 1 /)DKE 7 7 4 A FHEMEIL 9.173
pum, BEEI 254 um TH o 7z, HE 40 °C,scanrate 10mV/s THIE L 72 CV IC
WC,NMP9.7g TIEHL L 72 2 W IZFEREEE IR S pA 35 X U8-045V OFRETEZ R L %5 05 o4 05 oz o1 oo

— [ Y

Current/ u A

6
5
L
3
2
1
0
1
2
3

. sy g Voltage/V
7oo K Ge 2— A M XY EMKMBELSAIREL RBTE 72, sEllII Y HFERT
2 Fig. 2 .CV at 40°C of STC
REHE (semiconductor-sensitized
[1] S. Matsushita, et. al., Mater. Horiz., 4, 649, 2017. thermal cells) prepared with

[2]2023 455 70 FIGHYB 2 A BT2MHERS  BHETHE [Ge kg7 97 gofNMP
3B R EH 2 i B AR o (A | HIFsE ok
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Toxic-Element-Free Inverse-Perovskite Oxide BasBO (B = Si, Ge)
with Low Thermal Conductivity and High Thermoelectric Performance
MDX ES, Tokyo Tech?, NIMS?

°Xinyi He?, Shigeru Kimura?, Takayoshi Katase!, Terumasa Tadano?,
Satoru Matsuishi', Hidenori Hiramatsu!, Hideo Hosono?, and Toshio Kamiya®

E-mail: h-xinyi@mces.titech.ac.jp

Keywords: Thermoelectric oxides; Lattice thermal conductivity.

[Introduction] Given the recently intensifying energy crisis, the focus on thermoelectric technology for
converting waste heat into electrical power has increased. The energy conversion efficiency ZT (= S%6-T-x™)
of thermoelectric materials relies on the Seebeck coefficient (S), electronic conductivity (o), and thermal
conductivity (x), which includes both electronic (xele) and lattice (kLa) contributions. Consequently, high ZT
thermoelectric materials necessitates both large S and high & to achieve a high power factor (PF = S%), along
with low x to maintain a significant temperature gradient. Up to now, high ZT values have predominantly
been demonstrated in heavy metal chalcogenides. However, the use of toxic elements, such as Pb and Te, is
not favored for widespread practical applications of thermoelectricity. In this study, we propose the inverse
perovskite-type BazBO (B = Si, Ge) as a novel candidate of thermoelectric materials, distinguished by their
absence of toxic elements and high ZT.

[Computational details] Theoretical computations for xia are performed based on Peierls—Boltzmann
theory using ALAMODE and VASP codes. Electronic band structures and the density of states are calculated
using the HSE hybrid functional. S, ¢ and e are calculated using PERTURBO and QE codes.

[Results and Discussion] We have found that BasBO exhibits favorable band structures conducive to a
high PF. The valence band edge, arising from the outer p state of the negatively charged B anion with a
substantial ion size, along with highly dispersive bands featuring multiple valley degeneracy, enables both
high o and high S, simultaneously. Additionally, we have observed that BasBO bulks exhibit remarkably
low xa of 1.00 W/(mK) for BasSiO and 0.77 W/(mK) for BasGeO at room temperature (RT). These values
are significantly lower than 8.2 W/(mK) of normal perovskite SrTiOs bulk, and even lower than 1.7-2.0
W/(mK) of Bi;Tes and PbTe bulks.]

We have investigated the origin of low (@) L o A

Kat in BasBO. The crystal structure of Ba3Sio

BasBO is constructed from a highly s s Sulfide 1
distorted O—Bas octahedra framework E | /BaGeo R Siicide |
with the weak O-Ba ionic bonds, as g, . a n "k
depicted in Fig. 1(a), providing / see
extremely low group velocity (vph) S ke e |
ar]d strong phonon Scattermg_' With Soft framework of O-Bag octahedron %300 500 700 900 1100 1300
high PF and low xia, BasSiO and Long O-Ba bond T(K)

BasGeO exhibited rather high ZT of g, 1 () Crystal structure of BasBO (B = Si and Ge) (b)
016 and 0.35 at RT, respectively,  cajoyjated ZT as a function of temperature (T) for BasBO

continuously increasing up to 0.84 at  ¢mnared to other eco-friendly thermoelectric materials,
T =623 K for BazgSiO and 0.65at T =

523 K for BazGeO. Furthermore, based on the first-principles calculations, we predicted that a higher ZT
could be attained by optimizing hole concentration in BasBO (up to 2.14 for BasSiO and 1.21 for BazGeO
at T=600 K, Fig. 1(b)). Further elucidation will be provided at the Meeting.

References [1] X. He, et al. Adv. Sci. 2307058 (2023). [2] X. He, et al. Adv. Funct. Mater. 2213144 (2023).
[3] C. B. Satterthwaite, et al. Phys. Rev. 108, 1164 (1957). [4] H. J. Goldsmid, J. Appl. Phys. 32,
2198-2202 (1961). [5] A. A. El-Sharkawy, et al. Int. J. Thermophys. 4, 261 (1983).
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[19p-C301-1]
[The 56th Young Scientist Presentation Award Speech] Mechanochromic polydiacetylene: a
breakthrough in bio- and force-sensors

Olianlu zZheng', Kaori Sugihara’ (1.Institute of Industrial Science, The University of Tokyo)

[19p-C301-2]
Boosting CO, Reduction Reaction via Synergistic Photo-Piezocatalysis in Ag-Doped
BaTiO3/TiO, Heterostructures

O(B)YenChang Chen', TingHan Lin', KuoPing Chiang’, JiaMao Chang', MingChung Wu'
(1.Chang Gung Univ.)

[19p-C301-3]
Performance of In-Material Reservoir Computing in a Ferroelectric YMnO5 Single Crystal
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Mechanochromic polydiacetylene: a breakthrough in bio- and force-sensors

Jianlu Zheng?, Kaori Sugihara!”
! Institute of Industrial Science, The University of Tokyo, 4-6-1 Komaba Meguro-Ku, Tokyo 153-8505,
Japan

“E-mail: kaori-s@iis.u-tokyo.ac.jp

Polydiacetylene (PDA) is a special kind of rm-conjugated material widely used in sensing applications due
to its facile polymerization and dual signals (visual color change and turn-on fluorescence) upon exposure
to external stimuli, which leads to sensing application of PDA in bloom. Despite ionochromism,
biochromism, and thermochromism having been extensively studied before, the related mechanism is left

unstudied. For example, how much and which direction of stimuli exactly twist the backbone and

alters its optical properties is unknown, limiting the further tuning of these applications. In 2021,

Sugihara Group?! first demonstrated quantitative and anisotropic force-fluorescence correlation of PDA
thanks to a unique setup in the lab, nano-friction force/fluorescence microscopy (Fig. 1). We expanded this
technique under aqueous solution to study mechanochromism at the nanoscale?. In addition, it is possible to
guantify the anisotropic mechanochromism. Our results will make all the previous sensing performed by
this mechanochromic PDA more understanding, which will open a new pathway for developing easy-to-use

(naked-eye detection) point-of-care diagnostic tools.

Photodetector
i a1 [ %
K EN
Cantilever Laser e
x‘. "‘ A i
.- '
Vertical force Lateral force

Fig. 1 Dual friction force/fluorescence microscopy?®

1. Juhasz, L.; Ortuso, R. D.; Sugihara, K., Quantitative and Anisotropic Mechanochromism of Polydiacetylene at
Nanoscale. Nano Lett 2021, 21 (1), 543-549.

2. Zheng, J.; Jo, S.; Chen, J.; Das, B.; Juhasz, L.; Cabral, H.; Sugihara, K., Dual Nanofriction Force
Microscopy/Fluorescence Microscopy Imaging Reveals the Enhanced Force Sensitivity of Polydiacetylene by pH and
NaCl. Anal Chem 2023, 95 (30), 11335-11341.

3. Zheng, J.; Das, B.; Sugihara, K., Dual Friction Force/Fluorescence Microscopy. Anal Chem 2024, 96 (3), 949-956.
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Boosting CO2 Reduction Reaction via Synergistic Photo-Piezocatalysis in Ag-Doped
BaTiOs3/TiO2 Heterostructures
Department of Chemical and Materials Engineering, Chang Gung Univ.!
Center for Sustainability and Energy Technologies, Chang Gung Univ.?
°Yen-Chang Chen!, Ting-Han Lin'2, Kuo-Ping Chiang', Jia-Mao Chang!, and Ming-Chung Wu'->"

E-mail: mingchungwu@cgu.edu.tw

With global warming on the rise, controlling carbon dioxide emissions will become one of the most
important issues of this century. Carbon Capture and Utilization (CCU) technology is considered a highly
promising approach. This study proposes the use of piezo-photocatalysts, aiming to utilize sustainable
energy sources (such as mechanical energy from rivers and sunlight) to carry out carbon dioxide reduction
reaction (CO2RR), thereby achieving the vision of sustainable development through circular energy. We
design a heterostructure catalyst based on the photocatalytic properties of silver-doped titanium dioxide
(Ag-doped TiO7) and the piezocatalytic properties of barium titanate (BaTiO3, BTO) using hydrothermal
methods. By utilizing silver-doped titanium dioxide as a structural template and meticulously adjusting the
compositions, we can precisely tailor the Ag-doped BTO/TiO, heterostructures. We also vary the
morphologies and crystal structures, further influencing their performance in three-phase catalysis for
CO2RR. Furthermore, we investigate the possible mechanisms to unveil the unique synergistic effects of
the catalyst. Attributed to the synergistic effects of photocatalysis and piezocatalysis, the optimized
heterostructure photo-piezocatalyst demonstrates significantly enhanced CO2RR performance under UV
light irradiation and ultrasonic vibration. Compared to individual photocatalysis and piezocatalysis, the
heterostructure of Ag-doped BTO/TiO; under photo-piezocatalysis conditions achieves a CO yield of 7.29
umol/g-h, which is 3.90 times (1.50 pumol/g-h for photocatalysis) and 5.40 times (1.14 pmol/g-h for
piezocatalysis) higher than the yields from the individual catalytic methods, respectively. The results show
that the heterostructure formed by BTO and Ag-doped TiO, effectively integrates charge transfer pathways
through its synergistic catalytic effect, accelerating the overall catalytic reaction and serving as a

nanogenerator.
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Performance of In-Material Reservoir Computing in a Ferroelectric YMnOj Single Crystal
oMuzhen Xu!, Kyoka Furuta?, Ahmet Karacali®, Yuki Umezaki?, Yuki Usami'®, Yoichi Horibe!2,
Hirofumi Tanaka'?

! Kyushu Inst. Tech. Neumorph Center, 2 Kyushu Inst. Tech. Mater. Sci. Eng.,
3Kyushu Inst. Tech. Hum. Intel. Sys.

E-mail: xumuzhen@pbrain.kyutech.ac.ip

[Introduction] Reservoir computing (RC) is an efficient machine learning paradigm characterized by
the training of only the weights between the reservoir and output layers in a supervised manner.
Utilizing various physical materials to replace the reservoir layer holds the potential for achieving
high-speed and energy-efficient in-material RC. Yttrium manganese oxide (YMnOs), a unique
ferroelectric material, features a network of semiconductive domains and walls analogous to a
reservoir layer. This study aims to evaluate the computing ability of YMnOj as an in-material reservoir
by analyzing its electrical responses from different conductive paths (same side and different side).

[Methods] The surface of YMnOs crystallites was polished perpendicularly to the c-axis, and a 16-
electrode array was deposited on both the top and bottom sides. I-V characteristics were measured by
sweeping the bias between +5V. To perform an RC benchmark task (waveform generation tasks), a
bipolar sinusoidal wave with a frequency of 11 Hz and a peak amplitude of 5 V was applied to the
device. Fifteen outputs from the same side as the input and sixteen from the opposite side were
recorded. These outputs were processed using ridge regression to fit desired waveform targets
(sawtooth, square, and sin(2w) waves).

[Results and Discussion] The I-V curves of YMnOs displayed significant nonlinearity when
measured on both the same and different sides, which is essential for providing the high dimensionality
and nonlinear mapping required for reservoir computing. The I-V characteristics showed similar
nonlinearity across both measurement types. Phase shifts were evaluated from the shape of the
Lissajous plots of the input voltage (Vin) and output voltage (Vout). These plots revealed that the phase
shifts were similar across both measurement types, indicating comparable memory capabilities despite
the differences in conductive paths. The above unexpected but intriguing results suggest that the
internal structure of YMnOs is complex (a) Sawtooth Square Sin(2w)

enough to support consistent electrical Inout 2E 77> Outout | Teroet Treinina Tesing

behavior regardless of the measurement %
direction. In the challenging waveform 2
generation tasks, YMnO; demonstrated g°
high performance with most accuracies i
exceeding 80%. The comparable ;é‘
Z  |Accuracy = 79% ccuracy = 88% Accuracy:ﬂg%

accuracies between the two types of
measurements can be attributed to the
similar nonlinearity and phase delay
observed. In conclusion, the in-material
RC performance of YMnOs is not
significantly influenced by its internal
conductive paths, demonstrating its
potential for applica.tion in in-material RC N Bi T ks Sooo ST ahHe. 8008 ToTE
due to its effective performance in Time (s) Time (s) Time (s)
waveform generation tasks. Fig. 1 Prediction of sawtooth, square, and sin(2w)
waves from multiple nonlinearized output waves
Ref. [1] Choi, T., et al. Nature Mater 9,  measured from the same (a) and different sides (b) of
253-258 (2010). the YMnOs.

—
o
~

Input Mompm
1

Norrpalized amplitude (a.u.)
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Performance of MoSe2/SWNT in-material reservoir computing device on time-series
prediction tasks
Alif Syafig Kamarol Zaman?, Saman Azhari'?, Yuki Usami'3, Hirofumi Tanaka?
LSSE, Kyushu Inst. Tech. (Kyutech)!, Waseda University (IPS)?, Neuromorphic Center, Kyutech®
E-mail: tanaka@brain.kyutech.ac.jp

Reservoir computing (RC) is an innovative framework derived from recurrent neural networks that
facilitates temporal information processing with significantly reduced learning complexity and power
consumption. This study presents a high-efficiency temporal signal processing device, utilizing a
memristor-based material with a core-shell structure. We developed a hybrid material device composed
of MoSe/SWNT, drop-casted onto a microelectrode array with a SiO/Si substrate and aluminum
electrodes. The device exhibited resistive switching behavior in its 1-V characteristics when tested
within a £5V potential window at a 50mV/s scan rate. The combination of MoSe; and SWNTSs into a
core-shell structure results in a synergistic and emergent behavior, that is, resistive switching. These
behaviors include enhanced electrochemical activity, high surface area, excellent conductivity, and
unique nonlinear dynamics. Huang et al. demonstrated that the hybrid structure enhances
electrochemical activity due to the high surface area and excellent conductivity of SWNTSs, which
facilitate efficient electron transport and reduce charge transfer resistance 1. Standalone MoSe; or
SWNT does not exhibit resistive switching behavior. This results in improved nonlinear dynamics,
essential for complex computational tasks. Therefore, several RC tasks were conducted to test the
device ability on temporal tasks. Fig. 1 (a) and (b) show waveform generation tasks for sawtooth and
square waves with over 90% accuracy. Fig. 1 (c) is the NARMAZ2 temporal benchmark task where the
device could predict 200 points with 90% accuracy. We believe the random network of the
nanojunctions creates a complex pathway for electron transport, contributing to the overall nonlinearity
observed in the system. Furthermore, the source of nonlinearity could be from the nanojunctions that
can form localized states and trap sites, which will influence the charge transport properties. In summary,
the MoSe2/SWNT device holds potential for future implementation in nanocomposite-based resistive
switching memory devices. It can be used as an information processing unit to compute machine
learning tasks by mimicking the reservoir computing architecture in-material 1.

Regression Results - 11 Hz Sawtooth Regression Results - 11 Hz Square

HETEE (2024 RBAVEIEFN2EIBEIVSIY)
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Figure 1 (a)(b) Waveform generation tasks example. (a) Sawtooth wave, (b) Square wave. (c) NARMA2 prediction task.

Refs. [1] Huang et al., Nanoscale 7, 18595 (2015). [2] D. Banerjee et al., Adv. Intell. Syst. 4, 2100145 (2022).
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van der Waals < )JLF 27 B4 49 X CuCrP:Ss M
HBERBE R & LB

Growth of Single Crystals and Evaluation of Photoelectric Properties
in the van der Waals Multiferroics CuCrP2Ses

HIKI7AVT4 70 °FHEEN, LB

Laboratory for Materials and Structures, Tokyo Institute of Technology
Ryoga Murata and Takao Sasagawa
E-mail: murata.rah@m.titech.ac.jp

CUuCrP,Se (ZE[HHT; Pc) I van der Waals #'E O CHFA 72, RS EMEE IOmBLME A2 M il 2 7=~
NTF T aA A TS, FENO L FIZARZ BEIZELYI LT CuSs PUm A (Fig. 1(a)) IZH L7/ WS4
CrSe J\ A& CuSs U ARDBRD = A (Fig. 1(b) M) (ZHRULIZBMEINEE R T, 2=—7
IefkEa G A IR ET S, Tn(= 32 K) LA CORGEIINC L0 A B S S TEY, Type-I~
NF T =af AL T B RMELHH[1], —FH T BRI Th OIS E N ST [2,3], Wik @i (%
B ; C2/c) ~DHENLRCRIE TOMMERHI I SOV IR AEIA /2 b 2V, 22 CTH & 13, itk iE%
b O EEAH CUCIP.Se D HfSE 2 B R L, #if s 2 SO L7250 - B SR R O BEAM L Z B0 fE
A CEIZ, T LT, B BIFANG IS IR O ATREMEIC DWW CEBRFEFET A2 % B E LT,

EHAR CIRALZEE T O S &2 B CliisHlE L CHWAKHREEETE R T HZ812kD, S A—F
N A XD BN ELNT= (Fig. 1(c) AKX, X BRETHIZE > TZORERO~EBEE DT 5L,
00L D [EITZ MR T&7= (Fig. 1(c), Z2C, HIET D8 EAH ORI B RS FREE /2578, 5B
Bt B SRR A B L OVE BB O X BREIHT S a2l — S au SR 58 008 ifi D[R a8 EE D ik
HI7Z2E WD H A2 B CE 72280 S 7=, 51T, Bulk BfSEsEZ2 W CGHERHAIEEITO L,
1000 nm I DFE R F N T 28 T2 BRIL . FIEERERIC RN A S 2 &b /30 -7z (Fig. 1(d)) .
PLEDIHIZ, CuCrP,Se 3 Al i fE Ik T 7 MW OB 23155 C X 5 28 [ SR kR Ol AL 7= sk
KTHOHZEDMER TEIT20 B E ~EHLIEER OT ANAAEERL ., RS T OB LBt
PEOFHmIZBLERVAA TS,
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Fig. 1 (@) The crystal structure of CuCrP,Se projected onto the (a) yz face, and (b) xy face. The
polarization direction is marked by red allows. (¢) XRD patterns of CuCrP,Se. The inset shows photograph
of the grown single crystal. The enlarged figure shows the 008 diffraction peaks. (d) Transmittance
spectrum of CuCrP,Se.

[1] C.B.Parketal., Adv. Electron. Mater, 8, 6, 2101072, (2022).
[2] X.Wang et al., Nature Commun. 14, 840 (2023).
[3] Y. Maetal., Nature Commun. 14, 7891 (2023).
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Control of Crystal Polymorphism and Evaluation of Magnetrotransport Properties
in Single Crystals of TaSe2

RIKX702 7478 CmiE #HE #) K3
MSL, Tokyo Institute of Technology, °Tomoki Maeda and Takao Sasagawa
E-mail: maeda.t.av@m.titech.ac.jp

EBRER A A N2 F A K (TMDC) I, 2 KDL=y M7 7V F AT — L 22 L
STHAELST-EIEEL L5 2 ENEMT, BERYMEZRTZ LD DEAMTHIEN TR
TW5, TMDC OfEDE/ ) FIZSEET, A aF U wEZENELELRICR U CNEEREIZEAL L
B, SAFERNCENL LT ORI X o THix 7o iGN EBLT 5, P THLiEMR
%% > TMDC Tlix, [l UL TH B 2N E LN 570, M S ORI %2R 425
WRFERRE I AT DI TN D [1),

FxILTMDC O THE L ORE A b, BREERSCBRE R 8 OB s r~d
TaSex IZVEH L7z, ZHE T TaSex IZHBWTC, NmERDOENFE CALEICER D 1T fiE L. At
B DRENANENDN X |ZHEe D 2H GRS S CTE 7o, Lo L, BHERR ik
b OMOLILITE L TIE, BAEROIED 55010 O 5 ECHMEFEMIZ B3 2 SIS R b T,
% TABIE T, fRx ZRIRESRMET TaSe: DHFERZ B L, fifmZ I Ofil#HI: L OE L7z

HE i ORI 21T o 72, 1 2 WAL FEMEEIEIC K- T, 1T Mg & 2H #dElchinz, =
IR &\ HARTL O JE 13 A2 BAZE 72 D 4Ho i1 O TaSe, Hiffh 2 BT 2D Z ST Lz, £7=,
BONTHEERIZT =— VI AT 5 2 L CEREBMPER I 52 L2 AL, 4Hy fEEN S, =
MIETLOJEH 2 g3 01 5 M X IZE2 D dHARE OB 2155 Z LIk Lz (fig. 1), WighiH
Wern g A T 0.2 K ORI £ CEXITIREZHE L, 5 Tl E 72 S & B o # S 313
720N AHp WS DRSS 2 300 L 72, Fig. 2 1R & 912, ERGE TOBREEEREIT 0.67 K
TE S, ZAUXLEF T 5 2H-TaSex THEKME SN TWo B FIEBIEE (02K [2]) % Lk
[ Z EBH NI oTz, FEETIEEIC, BIMEL2E 0T COBREDRL TN, HFH—
JREREHRIC K DB S A © LT, TaSex IZBT LT L WHEDOBMRIZ DWW CgR T 5,

T 0.03 T T T
1 T T ’I, B T T T
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Fig. 1 Crystal structures, photographs of grown single Fig. 2 ab-plane resistivity under
crystals, and powder XRD patterns of 1T, 2H, 4Hp, various magnetic fields parallel to the
and 4Hc-TaSex. c-axis in a 4Hp-TaSe; single crystal.

[1] H. Katzke et al., Phys. Rev. B 69, 134111 (2004).
[2] K. Yokota et al., Physica B 284, 552 (2000).
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Electronic structures in magnetic shape memory alloys Fe; X (X=Pd, Pt) by
quasiparticle self-consistent GW

Artur Akatov!, Masao Obata!, Jakub Lustinec!, Rinku Majumder!, Takao Kotani?,
Tatsuki Oda!

Kanazawa University!, Tottori University?

E-mail: arturakatovi@yvandex.ru

The rapid development of new information technology has led to the emergence big
data. To solve the problems of transmission and storage of such information data, new magnetic
materials are required. Some of the promising materials are Fe-Pd and Fe-Pt alloys. Recently,
scientific interest in such alloys has only increased. By adjusting the percentage of iron, the
magnetic order can be changed. Such alloys are observed in ferromagnetic, paramagnetic and
antiferromagnetic states. Fe-Pd and Fe-Pt alloys can find applications in ferromagnetic shape
memory alloy (FSMA). In the research history to these FSMA, the electronic structures have
been investigated using the best method at that time. Indeed, for the Ni-Mn-Ga system of
FSMA, the theoretical various approaches have been performed as well as a lot of experimental
investigations. Our group has applied a new advanced first-principles theoretical approach to
the stoichiometric regular alloy and have found that the lattice modulation of martensite phase
suggested from the austenite phase was obtained as a result of electronic structure calculations
[1]. Such agreement with experiments has never been obtained by the conventional theoretical
approach. In this work, the electronic structures of Fe;Pd and Fe;Pt have been performed for
investigating their ferromagnetic shape memory effect with using the advanced method:
quasiparticle self-consistent GW (QSGW) method. This allows us to include electron
localization effect more realistically than those in the conventional method of density
functional theory (DFT). Calculations were performed for the cases with cubic symmetry. For
investigating conditions to structural instability in detail from the electronic states, we
calculated the generalized susceptibility yo(q). Its profiles indicated different behavior between
the QSGW and DFT methods. Such difference implies difference in the conditions of
martensitic transformation. We may also investigate both the effects on spin-orbit interaction
in the electronic structure and physical accuracy of QSGW methods compared with results of
the experimental measurements. The details of the systems and calculations will be discussed

in the presentation.

[1] M. Obata, T. Kotani, and T. Oda, Phys. Rev. Materials, 7, 024413 (2023)
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First principles analysis on optical properties in the transparent superconductor
®IRKZEL, REIKE, OM)FR B, DE EE, e E&£2 DA BB
Kanazawa Univ. ! Tottori Univ.2, °Haruya Niwa?!, Masao Obata', Takao Kotani?®, Tatsuki Oda*

E-mail: niwaharuya@stu.kanazawa-u.ac.jp

BB ZERTSC)IL, AR Y2 FiR T 2 BEER T, ZORENLIRAE R D=L
b =27 ZAF 3 ARKBEEMIZ AV B L BB E~OISHR SN D, AR
fili b 1 &2 b BB 2R IRIEY) LiTi0s(LTO) L TSC O The b i\ VB EH R L Te~13K & %
DT ENAMLNTREY[L], AECXABEHO T TIEME—ORRERTHLH D, ITHE, L—F—&
FEIC X0 & 7R RS B (E 100nm FEED) RIS D K HIC/R 5722 & T, LTO O
FYENERACT R D, BRI EXFm SN TE 722l —7F. EmiciE, BEPLE
FR(DFTIZ IS W — N O OB FHEENFHE SN TE[3], 7 = /b IWENAHEDOE TS
IXEMBENC LV 5F S 02p Wl 2 E5isr &35 /3 R & Tidd Dty 58 % Fhk sy &% 02p
E DR R, FUL egfuE%E Fpsyr & T HIRMANY RThDH, 7=V IWMIE, TifHY O 3
[ERTFRASE SR IZ L0 g BE D BT @ BB Z ER Iy & 55 2 KON N2> TED,
B4 720 2B A SN TS, DFT IETIHRATHEEO —HkE -V AET AN HIE LT
WHTeH, BRETD O N RE Ti Ny ROFERTT R F—(LENE L <5572 MER R d
IEE O REMEDSRE L <Gl S WE RN S 5, 2078, DFT IEOFH— R s kg
BCIE, LTO OFAMEZAREICHT 5 £ 2 RERIIE LN TR o7, & 2 TR TIL,
ZREEERICE OV, BRI A L0 BARRICEE Lz GW IRl AZ B L7 ki B O
& GW {E(QSGW)[4]Z W TEFME L FHE L. SFFEICOWTHT 21T o 72, ZORETF
15 CITELMER AT RIRPA)IC K 0 SRR SR L, itz —e UHEAEHZ VTS,

QSGW D FHHAHE R TIZ, DFT LT 5 L. O3 RO _ESHIH 1eV 72 K= R /L F—f{17> 5
Bldv, Ti @ tyg & eg /N ROWERZENEI 24%, 40%72 /NS < 7e>7-, DFT IZX HEFH#EET
1L, 7=V IVEMERDIDND tg /N K& gg /N RO RHEER R VX —Z28 2.6eV ThH Y| A]
BIEHENN(1.6~3 3eVIIOERINAMEE S5 A%, QSGW IC & BT, Z DB = /L ¥ —%
2 31eV L7xoTH Y, IR & FIHDEEE S OER Y AN KIEICE > TV 5, EE, FEM
X, 1.5eV~3.1eV O TR AT MU 0L 720 . FEEHAT R 1.5eV(# K 820nm
(AN D IE L 2o T D, AIBDEREIR TITIE & A ERBILA 22N Z L ITH YT 5, 72, %
BAE N DEHAE ST = kX — KRBT BT 25V — 7 (7T XE B — 7 )DALE I O #
MRE LSBT HALESCRIEREN B — 7 L e HAEEOERMER]E LR KL TWb, 20D
ZEXVBEOEBIZALOND LD RERBKKN LTO TIEALNAZWVWI EERIEBLTND,
QSGW IZ L B AT MUIELTO OFAMEZ R L, FEBRE D ESHIGLTWD, lE T, &
FEOHFART FAB IO VX —HAEEEZ R L, BEEE A7 MUVICBET 554 %
WD,

[1] P. P. Edwards et al., J. Solid State Chem. 54, 127 (1984)

[2] T. Ohsawa et al., ACS Appl. Electron. Mater. 2, 517 (2020)

[3] S. Satpathy, R. M. Martin, Phys. Rev. B 36, 7269 (1987)

[4] M. van Schilfgaarde, T. Kotani, and S. Faleev, Phys. Rev. B, 76, 16 (2007)
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WHhLATT A4 FRZROFRBREST =4 L EVDE R & WEETE
Synthesis and characterization of new layered mixed anion compounds with copper- chalcogenide layer
REXHE ! EHRH:

CEER B, ¥ W24 ®E B RS R’ MK RBE' Bk #F2
HE K—H8', 3% #h°
Tokyo Univ. of Science !, AIST 2
°Hibiki Ojima'?, Sonosuke Kono!, Yoichi Higashi?, Izumi Hase?, Takahiro Kato'?, Yuki Iwasa?,
Taichiro Nishio!, Hiraku Ogino?

E-mail : ojima.hibiki@aist.go.jp

[5] BRMEEZFOEET =4 AbE Wi, p BBV EMECRE -3 & BEMEICHhkL
Tokk 2 IRREREVE S BB 5 Z BT H 2D TV B2, RAFJETIX Fig.l O XL 9 IS A
BRSNS A RBEBIEY X T A A NERHEBE LT-WERIZEER Lz, ORI,
AE;MM2ChOs & 5\ ME AEsM' M ChyOs (AE : 7k ) TXE&R. M: BRBRAR - 13 ETHERE) O
KT A Rt EOMAEDLERARETH H, —FH T, AT D @mORHERLE T, ik L ik &
OREREA LT HHLERD D, AilEFH 21X, ZOROMOIEED IV /NS IRV A X &R 28
BALEY CaAlCuSOs DA FIZHI) LTz 2 & 28 LB, 4RI, BICHRELED, BxE
Ca,MCuSOs D& ikl & ik A7z,

(32505 15] BBt O G RIEEESRIETIT o 72, G L72aBHI R LR X #EFTEXRD)IC K 5%
FRARDRIE R K O EROWRE, B E RS K DA, ST B3 O EFHT K D4k
B A7 hVHPE, WG IEIC K 2 BRIEPIRAESE 21T - 72,

[FER] BRROFERE, HE L7z XRD /3% —>2 5 Fig.l O & FF O E CaxGaCuSO; DAk % e
W L72(Fig.2). 4.5 GPa DO EES T T, 900C, ALK O ~ 3.5 OEMEMFIZ LY | IZIFHMED
Ca,GaCuSOs sUEF 131G B 72, CaxGaCuSO; DS T EE T a~3.79 A, c~15.06 A T CarAlCuSO; £ ¥ K=
SVIEBUKH AT SAD 7 ST K 7 B TROTZ N RE v v 7% 2.7 eV FRE & CaAlCuSO;s £
D 0.6 eVIRVMEE 72572, N2 REHEFERND . Z0@ENIE Al>Ga [EHIC K D8R Tii~D Ga s
WMBEDOTFENELTLTOTHD LEZBND, MOYPEIZ OV TITEREE T 2.

Cu - °° v Cu,S
o . . a
sOp < o } @HLATF (R 2000, 455
Ga o 3
T Fe o } h
o (&) oy
’ o B®im e
OO“ 0 ’\ODjXﬁ‘f ~E £ Simulation pattern
oo Ly Hilll\;l..x
0° °“° 20 40 60 80
© ° 20/ deg.
Fig.1 Crystal structures of Ca2GaCuSQs. Fig.2 XRD patterns of Ca2GaCuSO,,.

[1] K. Ueda et al., Appl. Phys. Lett. 78 (2001) 2333-2335, [2] H. Ogino et al., Appl. Phys. Lett. 101 (2012) 191901.
3] B&E fl, 55 71 DS PSR R AR .
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€ F— 75 THEAUHIE L /- B 5 BRI ER F(SRD) D B K 5 E 514
Evaluation of Electrical Resistivity in Smart Radiation Device
with Controlled Chemical Composition in Low Doping Range
EEXREI !, ISASJAXA?, REREHLT S
£k =, K70 pid 2, Wk €21 RREH
Department of Physics, Sophia University !
Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency?
Department of Applied Physics, Tokyo University of Science?
K. Sato!, S. Tachikawa?, T. Saitoh?, and H. Kuwahara?
E-mail: k-sato-2z5@eagle.sophia.ac.jp

1. IU®IC FHZEMIZBIT 2FEHEOBEE HEL, RIS (LU F) DREICKD
PTEWT Vo —4 (B 2RV, SERHIES < FHS X HEERVE I L, IRIEFCIT e — X
A U CHEHEg RS ORE 2 RO HIER RO TWSD. L L, FHZER TOEIILR
SBNTEBY, b —ZOEEBEIMERREL 7o TS, Z 2T, IRHEAREEIFET X4 2 & LT Smart
Radiation Device (SRD) 23Bf %% & #172. SRD % Perovskite ! Mn B2 {4723 7~ 3 KIE.4 JE - i IR A fa (A A
B EZFA L, OB FEOREZLICEY, EEELELS, e —FOEENEFEB TE 5.
Perovskite %! Mn B{L#)1E AMnO; £ S, A A NOTLROMABRDLEEEZDH T LT, Hm—IL
R— 7B NIg, SR 725 2 il L, SRD Ot Hitt of) b2 X B HFZE 03T T A,
BUEE COMSET, KA —/L R—7 « RN BE Z R 3RS B R DB AL T U 28 ) 23 8
SN TWNA.

JER Y G Z2 R sa OVERUCIE, A A DO RE VA A %2 4 A NEERT 5 THEs
LTHWD. ZZ T, AT K R ED UTDOBA A IZE R Lz KHIHERHW Tz Ser =
Ca?t L LA AL BN KR E L 2D A 4> L RBET2{EDFR—/ =7 %472 5. 5F K
RED VDA A v U, KR —L =7« JEX2 FigZ2 Rt o/ERL A2 B L7z, £7-,
KH 3R TTRE TH D 7200, Bt SR & el USUEHMERYE E DRV S s sl 2 /ERL L Bk X
FAG RS AT, L - EBRIERPTER O ER AT E 2170y SRD ek 2 5 L 7=,

Sro.09Ko.035

2. %%& %ﬁ Fig. 1 Q:ﬁz;‘@ L7z Lao 84S10.16MnO3 KO
Lao $75S10.00K0.03sMnOs Ziffi g sl Bt O et () & EX
By (F) OREERGMEEZRT. W& 2T 5 &,
HEABFAL DR — v R—TBIZF U TH D0, %hEIL

Magnetization M [u/f.u.]

St LA A EEORKREW K 2L TWB729, 12 e 5" ZFC 1
KAy Rig L 720 K5 BRI LMk L e o T D, £ e
BR1Z, Lag.s7sSr0.09Ko.03sMnOs 1%, LagsgaSro.16MnO; & FLig 0 A

L, TREEMEFA D22 Bl L, SREEM ARSI EE D3 T )T & 10t L

Lo TW5 (Fig 1 (b)) . £ KERATOF v Y
T DRAEDRIZ BN TWD Z ERbas (Fig.l (F)) .
BRI L0, By R XORfs SRS AT 12 K ¥ SR D72 Mn-O
J7- T BEEE DS D FHEL L 72 O Mn 20, RRZE O #iPH
WT—E L CUW=728, Laos7sSr0.00Ko0.03sMnO3 2% KHE 4 gH=0T
WX o TERUIEIENNY RIEOENEN TS EE RN R T R R -
ZBND. Y EE KITAT, o 1 oBA 4= Temperature T i

- Fig.1 Comparison of LaosSro1eMnOs and  LaosaSroKoossMnOs
Ba2t Z VA U 7= 2t sh s Bl o # |2 T }y  polyerystals for temperature dependence of magnetization (upper)

and resistivity (lower). Inset shows M-H curves for the above two

i&%j— é . samples.
(1 feglntir, KIJIMZE, 7EAREE, REE, mim, R0, 5 84 RIS MBS EAIGRS, 21p-A311-11 (2023).

Resistivity p [Qcm]

Sro.09Ko.035
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tI3IVIEBEE VY —MEAT T BRIEEZRA:

HrEmmhoOMBARER

Synthesis of Wadalite from Clay Minerals Using Molten Salt Treatment for Ceramic
Humidity Sensor Materials

[RFAHHE - mEREL, LEEREXRE -T2 MMLUKFE- RIS FEXE-HD'

OFKH FAL "L BRIME" 2 READOHD 2, H#0O EM2 /MEFAS HHFI BHEE=
JAEA MS1, Hokkaido Univ. of Sci. 2, Wakayama Univ. 3, Univ. of Tsukuba 4
°Mitsunori Honda'?, Kosetsu Hayakawa'?, Yumeno Masebo?, Masakazu Muraguchi?,
Masato Oda?, Chiaki lino® Hiroyuki Ishii

E-mail: honda.mitsunori@jaea.go.jp

WY =132 D7 5 0B COREERICR IR 2GR 2 R L, Fri2E T I v 7RE
oY —TESHHAESN TS, BT Iy Z7REL Y —MEORMAMELE L TIRESNL TV D
FIHAIXEIEERS 7 et 2 2@ U TGS a X MIRBER & H[1], Fxld, Ktimns
WREIEZIE T 5 2 L2 K DHREMER BB I I D AL TV 5 [2]. ARFFE ClEa b BRERZ T
WTHEREIEIC K VAR Z G T 2H 7 n e A2 T2 L2 ANET5

BHTIT R SR ZE BE 2 AV NaCl-CaCl iR A 14 & U CaCly HiME & Fi VW - sl IAIZ 100 700°C
T 2 FFEIAOG SETRICHRMEA LTz, £ OBAKENZEET > 2R ICHESET XRD BLO
XRF A 217> 72,

11(1) Cs W75 L 7= WB, (2) NaCl-CaCl, iR &HEIZ L 0 IAREALEE L 7= Cs Wag L7 WB B LY
(3) CaCla #ilZ & v YARMEALER L7 Cs i3 L7 WB @ XRD /X% — > Th 5, WB A+ 2 @tk
EIZHRT 5 B =7 8 FCARTICHERE T & 7o, I AEIL 1T 9CH LD v — 7 AHAE L, WB &
IXEBRDFERBA RSN Z LR MERRTE -, ZORF CaCl, HEIZ X 2 ARMEEE U 7= 35575,
b AL CHHEANAK SN D F2fEE Lo, ) 2 1XFEO XRF TR TH 5, XRD (2
BWTEME THHEADNGRINTZHGEITIEL, CalE R R E< 2D 2 EDRHRI N,

Cs-WB

=
S
|

—— After molten salt o o g I Fe

NaCl-CaCl,) treatment

L
-
=
S
5
%

SNV NSPNYVANSVALVSN

—— After molten salt
aCl,) treatment

for Cs-WB]

Y A N S

E:ﬁ
L
S

9

Intensity / arb. units

AN
22% E346%
U Wadalite
L 1O SR —
10 20 30 40 50 60 0 20 40 60 80 100
° %
Fig. 1 XRD patgeren 6f each sample Fig.2 XRF analysis of each sample

[1] K. Hayashi, et. al., Electrochemical and Solid-State Letters, 12, 2, J11-J13 (2009).[2] M. Honda et al.,
AIP advances, 14, 055034 (2024)
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Na-X B4 54 FZHEIT5 PL D Ag EfaSikEN

Dependence of PL on the number of Ag exchanges in Na-X zeolite

BARTABREET CtBEHA WEASE EXKEE HAHRL
Grad. Sch. of Sci. & Technol., Hirosaki Univ.
oYuto Kitazawa, Junya Narumi, Takafumi Miyanaga, Yushi Suzuki

E-mail: uc@hirosaki-u.ac.jp

&S]

Ag VB4 T4 MIR—=TLT1AgIBEBA T A NI, MBAEOWBRIZ L VN7 + LI Rt
YAPL EFRBT L], ZoMEHNILV T T =R EEH LW IRERSANHREE TV D,
Fox Itk x 707 70 —F Z W C PL 3B O 23R A C & 7=, LLETOMFZE[2l T, X Bl 4
T4 NMTEBRT D Ag BaETHE L PLE#ZHAE Lz 2 A, Ag B ONBVEE D ZEALIZ A,
7RO N RORELOWHEEHER LI, ZORENS, BT D Ag BOZEL0EVILE
2L - T, BENANY FORBUTHE LB A b~ Ag BBEIT 5 Z & C, PLZE#HNENT S
ETR Uz, AT, Ag BAR#E L= Ag B €47 A4 F%&{ERk L, PL - EPMA - XAFS Jll/E&
IZ &V PL B OFAS, Ag JHIA O RPTHEEMRNT 217\, 203y RBBBT 5D Ag Of7E
EALNCT DI EERLTZ, ZNHOERNS Ag IBE AT A F PL ¥t 2 AT L %
HiYE LT,

(5288 774]

Ag A WY AT A bix, HIRO Na-X B A T 4 Y et Gl 47 1 ]
ZWiA AL KT pH 7 HTIC70 % £ Tl Lok, MHBRER/KIIRICIRIERS C, 2 KT 52 &
TR L7, 20%, KRKF TR L7, PLRIEX, RINEE 721324300 °C, 500 CT 3 K
I, 2 em R FHEF-2700 12 st OREERE H YA 7 7 A = 2 2408 % v T (b
R, SR E & $12 220-700nm, EiE)TT-7-, EPMA #IEX., =1 ¥—4H#A (EDS)E
FFu—T<A a7 Fr T A YP(IXA-8230 JEOL ) Z W CEBESIT 21T - 7=,

[ 3]

Fig.1 1Z(@)RMMEAD Ag #5 3.18 Okl (b)ARMEND Ag #5 13.41 OFEL, (¢)300 CTHEL 7=
Ag % 3.18 Dkt 3D-PL A2 M Th b, PL A7 MEAER LTS 5700, 2%
nNo27Z7CPLEEZRT Z izl L C\nd, (@&FEECD) LT 5 L. Ag BBz
Lo THEREOHEI Y RBEA L, REEOHEE N RBFBI L TS, [FERIC (o) & T 5
&L MBVAERIZ X » T, HEREO®EEANY RBFHED, REEO®E Y RBEHELTND, 2
NHEORERNG . Ag BOBLMBUZ K - T, AN RRELTDHZ ENRHALNTR -T2,
XAFS [ IHAEMNTH T D23, Ag ORFTIEE 2N 5202, 2D 08y RBRET 2
D Ag ODNEZH LI TE S, FEITREY BICHET 5,

PL intensity PL intensity PL intensity
400 y 400 —
?:‘rl
5
2
= 300 300
H
‘o
=
400 600 400 600

Emission Wavelength (nm)

Fig. 1 Comparison of PL behavior with Ag number and sample heating

[1] H. Hoshino, Y. Sannnohe, Y. Suzuki, T. Azuhata, T. Miyanaga, K. Yaginuma, M. Itho, T. Shigeno, Y. Osawa, Y. Kimura, J. Phys. Soc. Jpn., Vol. 77, No. 6, 2008,
064712-1 - 064712-7.
AN etal. 55 71 UG AP ER PR E R AR S
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Na-Y €454 FZHITSHPL D Ag BREIERFES &L U Ag/Cu HiEH#

Dependence of Na-Y zeolite PL on the number of Ag exchange and Ag/Cu co-exchange

EARTARRET CmEMEs LBHA EXRRE HABE
Grad. Sch. of Sci. & Technol., Hirosaki Univ.
oJunya Narumi, Yuto Kitazawa, Takafumi Miyanaga, Yushi Suzuki

E-mail: uc@hirosaki-u.ac.jp
GES1Ag 24T A4 MZR—T7 L7z Ag FBEA T A NI, MEVEOLIRIZ L V587 + K
NIF v APLERRT D[], ZOMEHIL T 7 — 2 2 H L7 7= d e s 2
HFE SN TS, Fox 138k~ 72IE 7 1E% AV C PL S HREHE O I 23 C & 7=, LIRTO
. Ag BB A T4 O PL BBUZIL, Ag OEEBEBBIIFET D afaethE R Sz [2],
Fio, Ag/lCu b BA T A FTix, PL O - MESHGR I, Zhid CuFIc L %
ThdEmasnlsl, &5z, EXAFS iffTOFfERN D, AgldBA4 T 4 MEK OIS -
ANEBROFUDITICEALT 5 2 L0, Cu KFIONAEEIZ LY Ag REN LIS 7
WZ EHEE SN[, BLEORERENS, Ag B YA T4 o PLIREEICITED R Ag BT
YA NBTFET D E TR LT, AR T, Ag Cu Bz 2N NaiiE L7- Ag, Ag/Cu B ¥
A74 FEERIL, PL-EPMA - XAFS @2 B2 ->7, 2D DOFERNE, PL B O
72D Ag DI EESC, Ag + Cu JE O R 2 B2 L, PL BEBLOBED Ag Bt A
N2 BNCT5HZ & T, PLEHEOMRIZRART,
(S8R HIEITR D NaY BB AT 4 FR Y XS, G4 T A RERA A2 KT
pH 7 T 72 D & TR Lok, A AV AT T, A AV RZHIT, AgIBEA T A4 FD
A TSR KRR, Ag/Cu TEE A T4 N OBA TSI - FE/KISKZ RS LAk
ZREA L, IR 25 CT 24 REMEHE 21TV, Teifth KR TR S ¥ TER L=,
PL HI5EX, 500 ‘CC 3 BEIINEGE, IR Tt e EFHEF-2700 £ /b e ERt A
SINA T 7 YA = 2D & VW TET o 72, EPMAE 1%, — %L ¥ —25 18 EPMA(EDS)
TEFFu—T <A 27 a7+ 754 PIXA-8230 JEOL &) % W\ CTEESHT 24T > 770
(5 B Fig.1 1< Ag $v(a) 1.25, (b) 1.98, (¢) 3.96, (d) 45.2 fH D Ag B4 F 4 k% 500 C
T 3 BEEIINEZ ICHIE L7z 3D-PL A7 hva 9, PLEEL, Ag MEIEmEEH I
TWAHDEY L, AgEF 1-4BRETH D @), D), @QDITAENZ LRI NZ, S
512, PLERENRE HIRODOIZD) TH-7-2 &6, PL RO Ag O BEERITH 2 ET
HDHZENRHLNIR ST, AglCuBE AT A h® PL X XAFS (ZHAEHEF TH 55,
PL Z#1OZA e, Ag « Cu B DO RPMEEZH 6325 2 & T, PLEILOEED Ag BifL
A FEHOLNCTED LSS, iFMIIREY HICHRET 5,

PL Intensity

g 400 — p e 510.0

= & 14(;2
g g% 3183
—— - 255.0
g 5 w0
o) 127.5

B 2 250 63.75
= 0.000

Emission Wavelength (nm)
Tig.1 3D-PL spectra of Ag-type zeolites with Ag numbers of (a) 1.25, (b) 1.98, (c) 3.96, and (d) 45.2,
measured after heating at 500 °C for 3 hours.

[1] H. Hoshino, Y. Sannnohe, Y. Suzuki, T. Azuhata, T. Miyanaga, K. Yaginuma, M. Itho, T. Shigeno, Y. Osawa, Y. Kimura, J. Phys. Soc. Jpn., Vol. 77,
No. 6, 2008, 064712-1 - 064712-7.

[2] WRIEATRE etal. 55 85 IS MBS K F LIRS
[3] WRIEATAE etal. 55 70 [ES MBS B AIHES
[4] WHEEDRE ctal. 5 71 [FUG MBS RS
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Zeolite-A 281+ 5 PL D Ag Bk
Dependence of photoluminescence of zeolite A on the number of silver loadings
SARTKRRET WA, RBAER, EBkK, BREE EXkRER
Hirosaki Univ., °Yushi Suzuki, Junya Narumi, Yamato Sato, Haruki Meguro, Takafumi Miyanaga

E-mail: uc@hirosaki-u.ac.jp

[(E1AgE AT A M R—TLIZAQEEA T A biE, MBAGEOMLEIZ LV EWNT + FLI R
LU APLERBET D[], THETELTA PRI ENDAgY 7 AX —ITESEYS T, Xkt
W LS S AR 1250 T (XAFS) <L RS ISR E (IR) & FAV Y CPLRS BFAE D il 2 A C & 7=, Z D
B, PLOABHI SN DM THLIREAIEFE T - BIBICBWTIEZ JAX =0 L TWD Z L 2
L7202, 3], = CPLITERESNDAGY 7 AX—ICLDHLDTHD ETETIMEBLH D,
I T, BEPRICLV 7 T A =R ST TEDOPLEBAI L& 2 A, KT TOPLA Y Z
ABZ—IZEDHDTIIRNZ EZH BN LT, [B] AlE, AgQBLAL T HPLYA MEB] o 2 #
N0 B DL 70, BT DAQEADS LZBEOPLEE 2 500215 2 & & HEICHIZE 21T - 7=,
HbOEHT, 7 I7AX—IEK « R E 7 T AX —IC X DPLIEZELN —F L2 L DBEL
179,

[ZEBHIE] TTRONa-ARE AT 4 N Y — RS, A4 T4 NEis Lizk, 14
REEAT oo A T 2 AZWT, THBEKISIE OIRE 2 2L S, AgEH#E ORI 21T > 72, PLHI
TEX, NN ERH(F-270002 A3 s YR HNinAg 7 7 A = U A B L O~ VT F ¢
> RIVAy s Flame(slit 100 pm, Ocean Insight)z AW TIT - 72, EEOHIE, =R/ —2r 800
EPMA (JXA-8230 JEOL#) % W TiTo 7=,

[FE 3R] S ERBLREOE AT A FAICESEZ0.07 7> 5 11# £ T L S, 400°C 3FEHINER
HmA L CHIE L723D-PLAEFig. LT~ T, BEHEEILUETH DD AT MANRINETH LT
Wb DTH D, BEHEEERBICHET S Z k) 2hE Toida B30 KBRS
Nize TNHIFLRRNE) TAX L DN FEBLRELS BR-TEY, £2<H LAV R
Thbd, ZOWRDENIXHEFLL L TWD, —J7, AgEBBZELIZR LT ENARZE THED
HPNEACT HYR L T2 B FETH D, 7 7 AX—ICLHPLEEZLLED, FEL 1T
H#ET %,

[1] H. Hoshino, Y. Sannnohe, Y. Suzuki, T.

450 0.07 - 100 Azuhata, T. Miyanaga, K. Yaginuma, M. Itho, T.
400 © i () 0.16f@ 75 Shigeno, Y. Osawa, Y. Kimura, J. Phys. Soc. Jpn.,
Vol. 77, No. 6, 2008, 064712-1 - 064712-7.

/ / e [2]: A. Nakamura, M. Narita, S. Narita, Y. Suzuki,

T. Miyanaga, Journal of Physics: Conference
—= —\ Series 502 (2014), Apr. 2014, 012033-1 —

(C) 0 81@ = 012033-4
s [3]: S. Narita, T. Miyanaga, Y. Suzuki, Adv. Appl.
boso & Phys., Vol. 4, 2016, no. 1, 13-22.
/ g s [4]: G.D. Cremer, E.C. Gonzalez, M.B.J.
| @
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Excitation Wavelength (nm)
N
g

g : Roeffaers, B. Moens, J. Ollevier, M.V. der

S 0.00 Auweraer, R. Schoonheydt, P.A. Jacobs, F.C. De

400 500 600 400 500 600 Schryver, J. Hofkens, D.E.De Vos, B.F. Sels, T.
Emission Wavelength (nm) Vosch, J. Am. Chem. Soc., 131 (8) (2009),

3049-3056.

[5]: &A% et. al., 84015 W ER 2 FK

Fig. LAg-A¥AF A h® 3D-PL A7 btV
2=y MEAEED D Ag
(a) 0.07 f& (b) 0.16 & (c) 0.81 f& (d) 11 {&
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