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Figurel. Thermal diffusivity measurement of the thin wire using SEM and IR Thermography.

(a) SEM image, (b) IR Thermography image, and (c)
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Fig.1 Micrograph of the mr-DWL structure fabricated Fig.2 Thermal diffusivity measured along the red line
on the Au heater. Heater area is 53 pmx=53 pym and in Figure 1 by temperature wave analysis method
structure size is 100 umx100 pmx21.5 pm. using an atomic force microscopy.

[1] M. Ryu, J.-C. Batsale, J. Morikawa, Int. J. Heat and Mass Transfer 162, 120337 (2020).
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[1] Q-Y. Li, et al., Carbon. 141, 92-98 (2019)
[2] Q-Y. Li, et al., Int J Heat Mass Tran. 134, 539-546 (2019)
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[1] H. Nishikawa, K. Shiroshita, H. Higuchi, Y. Okumura, Y.

Haseba, S. Yamamoto, K. Sago, H. Kikuchi, “A fluid liquid-

Figure 1 The temperature dependence of the

crystal material with highly polar order” Adv. Mater., 29,  thermal diffusivity measured by Temperature
wave analysis (TWA) method along two

1702354 (2017). [2] H. Nishikawa, K. Sano, F. Araoka, different directions of DIO-C3 molecule (n// o
& n L ) shown with red and blue lines,

"Anisotropic fluid with phototunable dielectric permittivity",  respectively. The dark plots correspond to the
apparent thermal diffusivity of spontaneously

Nat. Comm., 13, 1142 (2022) aligned DIO-C3 between two glass substrates.
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Fig. 1. Ultrasound attenuation (longitudinal
wave) of several silver and copper
chalcogenides measured by pulse-echo
method.
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Temperature Dependence of Broad Peaks Derived from Ge-rich SiGe Thin Films
by Oil-Immersion Raman Spectroscopy
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7—1Z1mW 225 9mW E£T2mWHARTEIE, 70 —FE—270DL —%F—7 —( RE)K
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(W3R - EBR]Ge k27 2 3 20kl BT 2 70— FE—2 DA< b L% Fig. 1 IZRT,
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Fig. 1 Broad peaks spectra from three samples
with different Ge fractions.
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[1] B. Stoib et al., Appl. Phys. Lett. 104, 161907 (2014).
[2] D. Kosemura et al., Jpn. J. Appl. Phys. 55, 026602 (2016).
[3] K. Takeuchi et al., Appl. Phys. Express. 9, 071301 (2016).
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Exploration of mid-infrared thermal radiation mechanisms at longitudinal-optical
phonon energy via u-GaAs/Au mesa-type surface stripe structures

Hnin Lai Lai Aye!, Masahiko Kishi!, Daiki Yoshikawa' and Yoshihiro Ishitani'
1 Chiba University, 1-33 Yayoicho, Inage ward, Chiba 263-8522, Japan
Email: ishitani@faculty.chiba-u.jp

Light emission or absorption at terahertz (THz) — tens of THz frequency range had been investigated
through inter-sub-band transitions in quantum wells and resonant tunneling of electrons. Because of smaller
interaction energy width with the radiation field in phonon system than that in electronic system, greater optical
gain of oscillation at room temperature is observed and operation of THz radiation at higher temperatures is
possible using phonons. THz emission based on surface phonon polaritons (SPhPs) has been explored using
various micro/nano structures although careful selections of emission direction and geometric conditions are
indispensable. Unlike SPhPs, we have reported thermal radiation at 8.5THz resonant with longitudinal optical
(LO) phonon from undoped (u-) GaAs/Au surface micro stripe structures . Here, we will discuss distinctive
characteristics of LO resonant thermal radiation by adopting narrow window of less than 1pum stripe structures
under the condition of improving LO phonon coherence.

In this study, photolithography process was performed on undoped GaAs substrates followed by chemical
etching to fabricate mesa height of stripe lines, followed by the deposition of metal on stripe patterns. Infrared
emission measurements were observed for the polarization perpendicular to the stripe and parallel to the stripe
using a Fourier transform IR spectrometer at 450 — 630 K.

The origin of LO phonon resonant thermal emission of radiation (LORE) comes from electric dipoles
formed by coherently oscillating polarization charges at GaAs/As interface. One main factor affecting LORE
intensity is the magnitude of the electric dipole, which is fundamentally concerned with the GaAs emission
window. This also becomes a reason for greater LORE in in narrow emission window with low mesa-type
(mesa range, H =0 ~ 0.7 um) structures, in which the formation of higher electric flux around the mesa region
is involved (Fig.1). On the other hand, LORE intensity significantly decreases at high mesa structures (H >
1um), especially at wide emission window. This phenomenon is due to the reabsorption of emitting radiation
causing the extension of the effective radiative lifetime, which in turn increases the nonradiative LO phonon
annihilation process !?. This extended longer radiative lifetime is exhibited as a decrement in FWHM (Fig. 2).
In addition, LORE intensity of 0.62um of GaAs width is found to be decreasing due to smaller dipole moment
by narrower emission width and its drop in FWHM suggests that radiative lifetime becomes longer in smaller
dipole-occupied volume.

Acknowledgment: This research was partly supported by Iketani Science and Technology Fund 0331065-A.
[1]Y. Ishitani, et al., Appl. Phys. Lett.113,192105 (2018) [2] Hnin Lai Lai Aye et a/ IR Phys.Techno.134,104924
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dipole. The utilized photo-mask size and mesa height

are indicated.

© 2024%F [SRYEES

Occupied volume V (um?3)

17-009

Occupied volume V. (um®)

Fig.2 Emission line width relative to the effective
dipole-occupied volume.

22.1



19a-D62-8 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

NAZRW—T v FERESBY—E) I LI 2 D ABMORRE
Development of the High-Throughput time-domain thermoreflectance technique
EBH, OFR EAL, WTH—B, \K BE!
AIST!, °“Hiroto Arima!, Yuichiro Yamashita!, Takashi Yagi
E-mail: h-arima@aist.go.jp, yuichiro-yamashita@aist.go.jp, t-yagi@aist.go.jp

ReSEIR Y —E Y 7 L7 2 U A(TDTRIEITHERE OB M 2G5 7D D Fik & L TIAL
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Thermospectroscopic imaging is MIR range imaging technique that enables simultaneous detection of the
thermal emission and the transmission or reflection spectrum distribution!'}: 21, This technique can determine
the heat diffusion process and the structural change at the same time, and it is profitable especially for the
dynamic process, such as the phase transition. This study provides analysis of thermal properties of phase
changing material (PCM) composed of alkane compounds in textile-replicated MEMS structures for the
analysis of heat transfer phenomena in PCM loaded smart textile. The investigation is centered on
understanding the transmittance and absorption of the PCM, which are crucial for its application in thermal
management systems. Infrared (IR) spectroscopy and thermal imaging method is utilized for simultaneous

measurement of IR transmittance spectra and thermal images, allowing for the observation of the

IR camera

thermoregulation effects of the PCM. o) I

Moreover, the thermal diffusivity of e
Chopper
the PCM is measured using method

temperature wave analysis (TWA), a

InSb FPA

novel technique that offers precise IR spectrometer

quantification of the rate at which heat

spreads  through material.  This

measurement is critical for determ]n]ng Light source Monochromator Condenser

the PCM’s effectiveness in Figure 1 Measuring setup for simultaneous microscopic measurements of
thermal and spectroscopic image in mid Infrared wavelength. (A) Ceramic

applications requiring rapid heat  heater (light source), (B) grating monochromator to select the IR
wavelength, (C) condenser module with a parabolic mirror, (D) thin hot

absorption and release. stage acting also as a sample holder place in a XYZ stage and the IR camera.
(E) Schematic explanation concerning the functioning of the

[1] M. Ryu, M. Romano, J.C. Batsale, = monochromator. (F) Synchronization module based on the arbitrary
waveform generator:

C. Pradere, J. Morikawa, “Microscale

spectroscopic thermal imaging of n-alkanes”, Quantitative InfraRed Thermography J., 10.21611 (2016) [2]
M. Ryu, J. Kimber, T. Sato, R. Nakatani, T. Hayakawa, M. Romano, C. Pradére, A. Hovhannisyan, S.
Kazarian, J. Morikawa, " Infrared thermo-spectroscopic imaging of styrene radical polymerization in

microfluidics", Chem. Eng. J., 324, 259-265 (2017).
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Automated tailoring of the phonon dispersion for highly anisotropic phononic crystal
IIS, The Univ. of Tokyo!
°Michele Diego!”, Matteo Pirro!, Byunggi Kim!, Roman Anufriev! and Masahiro Nomura!
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Controlling acoustic/phononic properties at the nanoscale is crucial across numerous fields, spanning
from thermal transport, mechanical resonators and nano-sensing to quantum technologies. In recent
years, phononic crystals have emerged as a highly advantageous class of structures for tailoring
phononic properties in advanced devices. However, the current design of phononic crystals often rely
on conventional shapes and follow simple rules based on human intuition. In this work, we
experimentally demonstrate an automated way to design phononic crystals, exploiting an inverse
design method called genetic algorithm [1]. With this method, the desired phononic properties are
input into the algorithm, which automatically identifies the optimal structural design to meet these
specific requirements. This enables the discovery of shapes beyond traditional human-made structures,
resulting in crystals with unique properties. In this case, we optimize a two-dimensional phononic
crystal to exhibit high phononic anisotropy along different directions of the crystal. Subsequently, we
fabricate the structure by means of clean room techniques and experimentally validate the predicted
high anisotropy using Brillouin light scattering spectroscopy.

(a) Automated PnC genetic design (b) Fabricated PnC (c) Experimental phonon dispersion
4 ' | e >
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Fig.1 Automated design and experimental validation of the highly anisotropic phononic crystal

a. Evolution of the genetically designed phononic crystal to achieve large unidirectional bandgap. b.

Fabricated sample with the optimized design ¢. Comparison between the designed phonon dispersion
relation (gray lines) and Brillouin light scattering measurements (blue color and circles).
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Fig. 1 Thermal distributions on the structure of /=0s and 40s for

the excitation of (a) mode A and (b) mode B.
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T LBIE—ORETIERL, T VOMGEE LTIR+Th5D. £ TAISETIE, Siv
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conductivity imaging of spark-plasma sintered sample and TBR plot along a GB coordinate.
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2302777. [3] E. Isotta, S. Jiang, ..., R Nagahiro, K. Maeda, ..., J. Shiomi, G. J. Snyder, O. Balogun, Adv.
Funct. Mater., (2024), Accepted.

© 20245 [CHMIEES 17-017 22.1



SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

19p-D62-6

ATOTA URBECEIZKD
AIBMIZHE LS| BRBEORERI VTV 5 O RFIE
Laser Heterodyne Photothermal Displacement Method for Measuring
the Thermal Boundary Conductance of Controlled Grain Boundaries of Si
EBRAXL!, £X? ORE MF! #HE @AM FEx EE2 B T, |\l B2
Univ. of Miyazaki!, Nagoya Univ. 2, “Tomoki Harada'!, Kentaro Kutsukake?, Noritaka Usami?,
Tetsuo Ikari!, Atsuhiko Fukuyama!

E-mail: harada.tomoki.q5@cc.miyazaki-u.ac.jp

© 2024%F [SRYEES

[IZUDIZ]) ZHEEM B OFFEIL X 7 v 7ok 50

2 £ > THRE S D70, BRIORIROME % ol

oY N B R e 2 ot 7 STOT i = (o I S

BT 5D, LnL, ZHRETHRORE= & Ng 3°§

7 42 ATBOWEFERM SN FBs D7z nie & %20 i ¢
MRS RO L CIE Sl B &

1o te, KT TITRR O~ 2 0 A EED < Pl e . !

T A= THLHEMa, HAFRABR LUK 067891011121314

FFIED B DOFAAOD 3 % BB HIE L7z
Bt B L. T v & A OB (LH-
PD)i%:% VTR D TBC #HH LT,
[RUBHREM & SEBRITIE] TTL 0D 573 2 Tl s &
BEMN DB DR ERTFIEN L0 1508
IZ 1 DORRZR D, KA D 3 SOFHRa, B
LOE B b &7 Si ik E HE L,
LH-PD I3 YIRS K 5 BB R A %
~NTREA CFWETTRIET 5 FETH D, i
L & A i oD IR A 2 4L 2 U fE 31 L )
T2 Z & TORAREBNIZRENTTRE TH 5,
AEHZIZRIA 225 10 pm BN 72 A7E 12 20X 20
pum O Al EZJER L. & O F eIl )t 2 i
$ U7, RIRAEWCRIEYE D 40 pm B
T ALE SRR A BRI LA B2 E LT, &

72 FHEITZER B DR RZ L Z BIERTEETH V) |

Z OWMZAIZ TBC OFEHRNEEND, 2O
72 EERGE R A B L BEE B LD 7 4
T 4 T IBRIRO TBC 2B TX 5,

Deviation angle 6 from growth direction (deg.)
Fig. 1 The relation between TBC and 8.

[S2Bfs R & B22] ARl D FBRC, TBC 12k
HakBOFBIIRNT LRy hoT, —H T,
Fig. 1 {ZRL72 & 91T, BlT oW TIEREWIZ
E TBC T R&EMoTc, TOEMHIT, KR DON
MR & ZHUTHED v U TIRE DL T
HDHEEZ LN, S TIEF v U TRES S
EBVRERPNE B, o, T4 b
X VR AAL A=V THIENLONKE N
1T & FE AR AHENRKE WERBE LT
WHM, L7eRoT, v U T7TREMETT 5
ZETCEAMRERENRELRY TBC b REL A
SletEZbND, —H T, /hENOTIEF ¥
U 7 I S HEB R O T2 O BRI AV N & <
TBC H/hSL 2ol B2 biLD,

AKHFFEIL ISPS FLbF#: JP20H05649 & ST

CREST JPMICR17J1 O3 42425 1F 7,

[1]Y. Fukuda et al., J. App. Phys. 132, 025102 (2022).
[2] B. Liao et al., Phys. Rev. Lett. 114, 115901 (2015).

17-018

22.1



19p-D62-7 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

CeO: BRILFEHNUURE: BMREERD CeO REIKF M
CeO2-based Electrochemical Thermal Transistors:
CeO2 Thickness Dependence of Thermal Conductivity
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Effect of Capping Layers on CeOz-based Electrochemical Thermal Transistors
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E-mail: hjkong1113@gmail.com

An electrochemical thermal transistor is a device capable of reversibly switching the thermal conductivity
( «) of the active oxide layer high and low, through electrochemical redox reactions. Our research group
demonstrated thermal transistor characteristics of several active oxide materials for thermal transistors such
as SrCoOy (2 < x < 3) 1131 LaNiO;-s [, and CeO,-s 1. Among many active oxide materials, we focus on
CeO»-5, because the CeO»-based thermal transistors show a wide x switching width of 9.5 W/mK and an on-
to-off k ratio of 4.8. An interesting feature of our CeO»-based thermal transistors is that reduced off-state is
composed of partially reduced CeO,-5 and fully oxidized CeO, domains. Reduced CeO,-s would exhibit
rather large oxide ion (O?") conductivity like rare-earth element (Gd, Sm)-doped CeQ.. If oxygen gas is
supplied externally, O> -conduction occurs instead of electrochemical reduction. Here, we used a capping
layer to suppress the external oxygen supply to the CeO,-based thermal transistors. To clarify the capability
of the capping layer, we used SrCoQ2 s as the capping layer, because SrCoO-.5 grows heteroepitaxially on
CeOo. Further, we used 10% Gd-doped CeO, (GDC) as the active layer since it shows large O?~ conductivity.
The GDC layer (100 nm) was completely reduced after applying an electron concentration of 2 x 10?2 ¢cm™3
when capped using the SrCo0O; 5 layer (10 nm) (Fig. 1a). Thus, the electrochemical reduction obeys Faraday’s
laws of electrolysis. On the contrary, it did not occur without the capping layer (Fig. 1b). From these results,
we concluded that the use of SrCoO> s layer (10 nm) was useful to suppress the external oxygen supply to
the CeOs-based thermal transistors.

002 YSZ """"""""""" 002 YSZ
a b 002" Fig. 1 | Out-of-plane XRD
Q (x 1022 cm’®)

PRI [\~ patterns of the GDC-based
B 5 e |- thermal transistors after the
i:’, ‘S’, 100 J \"“d \' : electrochemical reduction at
2 2 0.8 280 °C. (a) with 10-nm-thick
£ k= 0.6 | SrCo0z5 capping layer, (b)
(@] (@)
o (o)
- -

0.4 without capping layer.
J \L}mlh le Y]

34 35 36 37 38 39 40 34 35 36 37 38 39 4.0

Scattering vector, gz/2n (nm-1) Scattering vector, gz/2n (nm-1)

References [1] Q. Yang et al., Adv. Funct. Mater. 33, 2214939 (2023), [2] Z. Bian et al., ACS Appl. Mater.
Interfaces 15,23512 (2023), [3] M. Yoshimura et al., ACS Appl. Electron. Mater. 5, 4233 (2023), [4] Z. Bian
et al., Adv. Sci. in press (2024); Preprint at <https://arxiv.org/abs/2404.08307> (2024)., [5] A. Jeong et al.,
under review; Preprint at <https://arxiv.org/abs/2404.19385> (2024).
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Electrochemical Thermal Transistors with Lanthanide Oxides as Active Layers
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Table I | Thermal conductivities and On/Off ratios of the LnO, (Ln = Ce, Pr, Tb)-based thermal transistors
measured at room temperature.

CeOx PrOx ThOx
On state 7.8 Wm1tK! 54Wm!'K! 23Wm!'K!
Off state 1.8Wm 'K 1.6 Wm ! K'! 1.7Wm 'K
On/Off ratio 4.3 3.9 1.4

XER [1] Q. Yang, ML.Y. et al., Adv. Funct. Mater. 33, 2214939 (2023), [2] M..Y. et al., ACS Appl. Electron.
Mater. 5, 4233 (2023), [3] Z. Bian, ML.Y. et al., ACS Appl. Mater. Interfaces 15, 23512 (2024), [4] Z. Bian,
M.Y. et al., Adv. Sci. accepted for publication; Preprint at <https://arxiv.org/abs/2404.08307> (2024). [5] A.
Jeong, M.Y. et al., under review; Preprint at <https://arxiv.org/abs/2404.19385> (2024).

© 2024%F [CRAYEER 17-021 22.1



19p-D62-10 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

B2 RTEKRFEERY FI—V 2F T HRVBEEROREX T
Thermal transport properties of a boric acid single crystal
with a strong two-dimensional hydrogen bonding network
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Figure 1. Schematic illustration of the crystal Figure 2. Phonon dispersion of a single
structure of boric acid, highlighting the 2D sheet crystalline boric acid.

(left) and stacked direction (right).
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Thermal conduction in transition metal dichalcogenide moireé superlattices
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Optimizing cryogenic graphene: how Golomb ruler-designed isotope
interfaces suppress thermal transport
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The Golomb ruler, a mathematic concept, is a set of marks at integer positions along a ruler such that no
two pairs of marks are the same distance apart [1-2]. Applying this concept to physics may shed light on some
entirely new phenomena, especially in some optimization problems.

Driven by strong impetus, the need for thermal management at cryogenic temperatures is rapidly emerging
in several fields including quantum computing, quantum communication, life sciences, etc. [3] In this work,
inspired by the Golomb ruler sequence, graphene nanoribbons containing linear isotope interfaces were
constructed as depicted in Fig. 1(a), and efficient suppression of phonon thermal transport was achieved at a
cryogenic temperature of 20 K. As shown in Fig. 1(b), compared with other sequences such as Equidistant and
Fibonacci, the extremely strong disordering of the Golomb ruler sequence makes the isotope interfaces have a
stronger scattering and confinement effect on the phonon transport. The isotope interfaces arranged according
to the Golomb ruler sequence greatly impede the phonon transport over a wide spectral range. Through phonon
analysis of a pair of systems, based on a Golomb ruler and an equidistant structure, the results indicated that
the difference in the phonon mean free path (MFP) of low-frequency out-of-plane phonons is a crucial factor
for the difference in thermal conductivity. This effect is notably pronounced at cryogenic temperatures where
phonon energies are lower, otherwise, higher phonon energies render phonon transport less sensitive to
differences in isotopic interface positions. Furthermore, the isotope interface density and doping ratio have no
significant impact on thermal conductivity at cryogenic temperatures.

This study provides valuable insights into cryogenic thermal management and is expected to inspire
extensive theoretical research and practical micro-nano applications.

a Golomb ruler (Sl)th-order) _ 1 - b 1700
3 12 25 27 35 41 44 20 K
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Fig. 1 (a) The illustration of graphene nanoribbon with the Golomb array isotope interfaces. (b) Quantum-
corrected thermal conductivity of the graphene with different sequences of isotope interfaces at 20 K. The
subplot is the wave-packet simulation results of Equidistant and Golomb ruler-based structures.
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Shizuoka Univ. !, Kindai Univ. 2, "Haruto Kurono!, Hisashi Sugime?, Hiromu Hamasaki', Takayuki
Nakano!,Hiroya Ikeda!,Yoku inoue’

E-mail: kurono@cnt.eng.shizuoka.ac.jp

[(BE] TF, BT AHBE R & OS5 CRAE BRI T 5 —~v v A b
NEBEL->TWD, I TEHWEMRESRA $-> CNT(Carbon nanotube)2¥VFEH SN TCW5, 7277
L. 7/ MECToH D CNT OBVREE L EfEICFHT 2 OIXNE#ECTH 5, = 2 TR TIEaz=p)
FEEG 2RI LTk RO R R CNT 72 £ OfgiER % Wz CNT O~ 7 1 27— /L TOERE
FrPE D2 AT > T2,

[328r] BVLFSHM AR (Hot-wall CVD)IC X 0 | Si BRI HhfENE 2 % BL3 % Tl ALA CNT 7 4
VAR LT, 74 VA MlE22G CNT U = 7 EHR S RN 65| ST Z LIk k%
ERI LU 72, —J7, 9 1llem OBERBGER CNT 27 20t 007 VI =T A Y T aRF T R
ZYSH L7z Cold-gas CVD 12 X W Ak L 7=,

BMRERAE DT, B HREBIRE UCHRE L7z ONT 3UR O IR EEREE 4@ & — R e L
BORATHENT 5 2 & T, 2WEBCEax AFE D o 72(Fig.1). CNT O HECII R ZEAEZEFHDSC)
ZHWTHIE L7z, CNT OEEH Epld @ & EAN BN L, BMmig Rz k=apCl L TEMH
L7z, BMLOERHEIC T DRI LT D720, TUEFENEUZ LY CONT % &fb it
L7-. CNT OffifhtElE Raman 73 E#s I CHIE L, sp? MNIREIE— RO G B — 72 (1575cm™)
& RMEREIK D D B — 27 (1350em™) D88 He(G/D Eo)Z CREME L 7=,

[#ER] Fig2 ICE#EMLILBER A2 1T 572 CNT #5%k LR R CNT ORISR R7, #ER CNT
DEMRERITFERVED LB BICONBAEIC EFH L, 8 3.5 Lol fRAMRoOEERICLY 7
F ) CHELA L, BRERNFE LM ELZEEXOND, —FH T, RROBYREROE E
IFE R R ONT 1F EBEE TlE72V ), ZAUE CNT/ONT RSB D 7+ / VHELOR B A 1),
et miRIE S ER LAanWEEZBND, 400 ——

" Ultra-long CNT
—o—

S e

L
Infrared microscopic

(a) thermography (b) E

(5]
o
o

<
£
z
= i e
T g ~o® + °
T g 200 . .
Electron gung | may T Transient 2 L
.E <~ Response § ° Twisted yarn
BaF; wind H w -
2 window e.beam E' g 100 @
_ CNT . e g
Ty X Ty | | | | |
Stage 0 heat point L 0 5 mRamLi ”IEO 2% 30
Position Fig.2 Comparison of thermal
Fig.1:(a) Schematic diagram of thermal diffusivity conductivity between twisted
measurement system and (b) transient thermal response. yarn and ultra-long CNT.
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BERISERNEICK H5EE-ONT REBIEROEZER
Study of thermal resistance at the metal-CNT interface by transient thermal response
measurements

FEKE OM2) MeEsh, hEFEZ, HER
Shizuoka Univ. °Kosuke Hayashi, Takayuki Nakano, , Yoku Inoue

E-mail: hayashi.kosuke@cnt.eng.shizuoka.ac.jp

[#E]1 CNT(Carbon nanotube)idE\  BYRE R ) & B HEIASEHThermal interface material: TIM) &
LCOISHPHIFF SN TS, 72720, 74/ MAZEDBLERI L CNT EE B8N E LR D88
I CRARA R BGIE L 72 D Z ENEETH D, £ Z TAMFIE TIL CNT/E B A OBMREIZAEH L.,
WEBISEREIC LD CNT Sl & AR OBAIRIEZ 20 S T BHI DWW Tl A 21T - 72,

[32BR] AWFE T, BYLERMAEEIECVD)IC X v . Al KOS FEBRICEERL CNT 7 4 L A
MG L7z, CNT O 7 4 L A MR Z D3 300um, % EE 3% 80mg/lem?, Raman L GD th7234)
0.7 FREED @ CNT 74 LA ha Gk Liz, CNT ZelBilc A8y Z U 712 X0 Al ZHEfE S
B CHf BRI O L AT, CNT 74 L' X FNDELF OB 2T 5720, mEESE
I ELE 8 2 O CEVE S BIS 2 JE Lz, 45 D avio il HIdh AR 2 U A U OB A
L. A7 v &2 BHRNRT 5 2 & THREIOBURPLZ AL o7,

[FR] Fig.l1i2 Al Z8E L 72 CNT 7+ L X MEisEl o SEM 44 73, CNT Selmili 2 & 95 L 9
2 Al BSHERE L T D, Si R EICARR L2 CNT 7 4 L A b DSl s m Elgs \ c 84 2R E 12 ¢
WPEBUEE & HIE LR % Fig.2 (R d, CNT Jeiil o Al TR I X 2 B Bk & bk L
72 0.5cm?K/W F2JE F TEJFMIE D L DAL, £ OBRMERI O/ S CNT HROAEIENBLIL, Hfkl
BREBEOREZWHHAFROBENBIN D, EK E~AK L7z CNT 74 L A NH RO EIERHIT
31cmK/W Th o7z, JEsmiahic Al ZHEFE X &72 CNT 74 LA hTiX, CNT HSROERHIN
2.5cm?KIW £ TR LTz, ZOfERIE CNT Jedimii o4 )@ & CNT M COIRA e Bt & 72 > T

HZEERBEL TN,
—_ 1 T I T T Al
< 4f |— Al deposited
é’ [L— pristine
< 4L AldeposiedCN Coctlats
g UTE 245emzkmw
c o
© 4r
g o
g 001
- 4 Pristine CNT
3 o 3.13cm?K/W
T 0.001 | | | |
0 1 2 3 4 5

Thermal resistance (cm?K/W)

Fig.1: SEM images of the tip of CNTs Fig2: Comparison of thermal structure functions of
deposited (a) without and (b) with Al Al deposited and pristine CNT forests
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BIEEBT/NNA RERW=Si0/Si REZFHDSIBDO T+ / VEERDOAE
Investigation of the Phonon Decay Length in a SiO: Layer Having a SiO2/Si Interface
Using Superconducting Devices
EEKXERELT' OCM2)#RiF #|th', Jutarat Tanarom', KiF RE ' BH &'
UEC, °Tatsuya lizuka', Jutarat Tanarom', Yoshinao Mizukgaki', Hiroshi Shimada!

E-mail: i2333006@edu.cc.uec.ac.jp

1. HFR-HEB

FTOWH L OHEHEC L0 @EE T /) T 5, AOVERNFERE & 72 HITFE, T84T 5B DB
EXDBT RS ZAOMREIR TRMBEE > T D, [1] £, BREEFE Y MZBWTH 7 4/ VIR
£ 0 BB EMIZFE AT D Bogoliubov HERI 1 (LARE, #ERIf) Aot — LU ADKTE5EEITZ
ENHBNTNWD, [2] £DI=D, 7/ A7r—)LTOET x ) o OFNTERTREHEETH D, LU

ATOF 2 OWFIETIX Si02/Si FEK B2 7 + / » ORERL O AR & L TRIBET A A 2ERL, 7
)V DIGIERE AR, MHENTZ 74 /v DIFE AL SO BEGEIEL TEX b 07 E 0 ) fER
AT, ARAFZETIE, SiOy/Si REICBITD 7+ /) OFBBROERAZED 2 L Z2 A, Si0y/Si HEHR
FOBIRET N, RN LD 7 7 ORE - I ERZITV., Si0, BIZBITH 7 4/ VIBREONE
{127,

2. ERFHE - HiE

AVAIOJAL $25 05 70 5 R E B T¥5t (SQUID) & H-—27 — <
—%XthZ A K (SCPT) %, JEX 525 um @ SiO/Si H:#i (Si0, /&
1 pm) BIC/ERLLU 7= (Fig. 1), SQUID X ELL L CHERL 03824
Z PRV LERET DI ETEOTRLF— (K170 peV) %Ff
274 /v (190 GHz) ¥ ASHE 5, SCPT X7 4/ U RNEE « )
& EBIREERNBADT 8L D, BIEED T + /7 Ui
FRELTHIHMNARETH D, [3]

Si0y/Si FEHD 7 A ) NBRE~DEELZHRD 2D 7 4 / A Fig. 1 The optical microscope
9 R HSRRREERE % 5, 10, 15, 20 pm & 252 CRUBHAERLL 72, photograph of the devices.
SQUID %/E5273 5 SCPT R 2 ~D 7 o+ / » OBIFEFE & T~ 5 7= EX‘)’ ;jenlrgfjegnjei“m and 15
(2, FEAEZOUER TEBIICRTT 2 M s OBIRE B IE OKRITE 4,

IR T=70 mK FCHEIE L7z, FAMEN L MManE 2 Bt 537 A —% (f,,) OREEEHKFE

MO T+ ) U OREE L EZRDT, 450
3. {ﬁﬁ% ¢ ":%ﬁ 400 ® Experiment
Sarr & d DX d 1Tk L TR X EREBEEAICRED L, 330 —Exponential Approx.

(Fig. 2) MERI T OILHEERED 300 um FRJE[3] & RWizw, Y
SQUID ® U — RN THL 74/ VNS 5 - b BE L
U723l £ Y 4= 6.2 um 27872, (Fig. 2 8 T
100 mK LLF T, SiO 0 7 o / > O A BT 100
um LAE & 72 0 [4], BERMEE A RETE D, LA T, “

<3 150

BERBELO Az BB L, 1 2B R OB ROFREZHG O 0 o
0 5 10 15 20 25
c d (um)
1] Arden L. Moore et al., Mater. Today 17, 4 (2014). Fig. 2 Dependence of far on the distance

(1]

[2] A. Bargerbos et al., Phys. Rev. Appl. 19, 024014 (2023). between devices d. Circles represent the
[3] Jutarat Tanarom et al., Appl. Phys. Express 15, 064001 (2022). experiment points. The solid line is the
(4]

approximate curve estimated using a
4]P.D. Vu et al., J. Low Temp. Phys. 113, pp. 123-139 (1998). phonon decay length A = 6.2 pum.
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TELI 7 ARICHFAEOEBRELICE TS
24/ 20TVyS0T  SFBARIZK S8
Interfacial Phonon Bridging Effect at the Transition Layer of

Amorphous Oxides Hetero-interfaces: A Molecular Dynamics Study
BXET Om# #hRiE EL BAAN EE #E
Waseda Univ., °Y. Nishimura, R. Watanabe, and T. Watanabe
E-mail: yusukeskelton@toki.waseda.jp

[1Z T IZ] LSI OFHI LI, A X AEHRS b T o VA ZIZBT HDEMEBEN LA L, V2 —
VRN L DWRE RN ETETRIAMET D, 2R PEBAD T2 0O1T1T, MERATEN B & OBt
ZIZ D LIRS, HEEATEHR O S mIC 1T BRI 2 il 2 2 E RNEE L e H[1], MEpE
LD FEBARGUIAE FIRBI O RESITER T 2720, WD 7 4 /2 RREEE 5 L i D5y
iz FEOROMEL T (T4 /07 vy ) 28T, RmBURPLZ K TE 5 2 & R
INTWA[2,3], miIFEI[4]. FmEEfFICHARER 2 50T /L7 7 AR bW S miEiE o x4 5 37
By fE I 2 b—ra CVORIREZHE L. BRESET VIRV SR mAEETME N
DERN DD Z L amR LTz, ARl 7TELT 7 ALY R OMBCERBIE D 7 + ) L IREEE %
it L MEGER N R EBRIUC 5 2 2B E2 7+ ) 7 ) v Uy FTHITE 20t L7z,

[FHEFE]Fig. 1 ITHERE DR S8 16A @ Sr0/Si0, AiEE T /L Tdh 5, Fig2 1R+ X 912,
S D SiOx Ml % TOERE 2 5 Lol 10A ORI Z Layer 1, SrO D 10A DOFE A Layer2 &
T 5, £z, TOIHIZHMAIOD SiO ] 10 A DOFEIE % Layer SiOa, SrO il 10 A O fElk % Layer SrO
ERESZ 2T D, MD FHE THEOIZEN T — #2026 45 Layer WO RO D B CUAHEIRIEL
R, Tk 7 — Y EE LT Layer 50D 7 4 J VIRREEE 2RO 7-[5], Fig2 i, FEFHoy
FENF I 2 b—rva 2T oBRORESMT 0 7 7 A VEHERATRLTWD, ZORET
Ry ANE Tk ) R R L, BRBLORRZ A LT,

[K5 7] Fig3 (253 O NZMREREOR &2 16 A D St0/Si0, RETT VD4 Layer D7 # /) >
ARAESE BS54 2 7”7, Layer 1 & Layer2 Tl Layer SiOz & Layer StO O HEH72 A7 RV RS
AU7c, FFIZ Layer | OARAEHEFE IS Layer SiO, £ 2L TH Y | LayerSiOo-Layerl [H DR & 0> Layer
M OIREZEIZHET/hEW, Zhud Layerl O U 7 — NaRRRIZ 7+ /o7 ) w0 7fge LT
BRELTWbH B LD,

(RHEE] AWFFRITR 2R SHRAFoE (B) (23K22800) D34k % 5 1 Tz

[ %% k] [1] E. T. Swartz and R. O. Pohl, Rev. Mod. Phys. 61, 605 (1989). [2] B. Xu, S. Hu, S.-W. Hung, C. Shao, H.
Chandra, F.-R. Chen, T. Kodama, and J. Shiomi, Sci. Adv. 7, eabf8197 (2021). [3] W. Y. Woon, S. Vaziri, C. C. Shih, I. Datye,
M. Malakoutian, J. Hsu, K. F. Yang, J. R. Huang, T. M. Shen, S. Chowdhury, X. Y. Bao, and S. S. Liao, in Int. Electron Devices

Meet., 1-4 (2023). [4] R. Watanabe, Y. Nishimura and T. Watanabe, JSAP EXPO spring 2024 (2024). [5] L. T. Kong and J. F.
Li and Q. W. Shi and H. J. Huang and K. Zhao, EPL. 97, 56004 (2012).
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Fig. 1 Interfacial Model of SiO,/SrO = Layer SrO
gig Layer.sio, | Layer_1 | Layer_2 | Layer sro =
340 Si0,:100% | Si0,:82% | Si0,:19% Si0,:0% 8
335 A 0.02
< 330 e, -
2 325
8 320 o
315
310 o 0
305 = 0 20 40 60 80
300
74 84 od B, 114 Frequency (THz)
Length (&) . . . . .
Fig. 2 Temperature Profile of Interfacial Fig. 3 Vibrational DOS of Interfacial Region
Region
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Development of high-efficiency thermal switching devices with heat pumping effect
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AgSSer MEH 0.4 Wm K- L il sd T
WEEFEMAEEZ A L. 200°CEL T OfRIR IS
BV THLIEMARE 27, (RIEM, siEMEE b
KRR TH DN, T U TIRENKE L
FACT 272D AHERERFIC AT v TR BMR
FEEEZRT, S HIT, TREHIC L HERE
REZHRET L ENARETH Y fHEEEL
WIZBRA A » F v T HEAORESMELE LT
WL TWD D,

ez 1T AgaS.Ser M Z AWV R 12V T
A DIREE Z R HIE T 5 2 & ¢ M RETR
FEE T O T, BE LR REDOMEABE

EBERAE IR & T 28R B VHIE) 285
L7z,

AR TIE, ZOBR L 7 BRIZHEH L,
BT AT 2 EIROMAL, B X O BT
PEa RV CHAT 92 2 & TUl b R
BRAA v T v TRHE R R TR R RE LT,
ERGIE

Pump laser

, | Probe laser

Mo : transducer
Agzsxse1-x

Substrate

p-type Si :

1 AR L= BUE AL v F o 73
& TDTR JI7E DRI

BGRAA v TF o 7 RAAEEEX 1 ITRT,

Ag:S:Ser BT Si Fibl Bl FRARBIEIZ L -
TR L 72, X BRIFHTIZ THRFE 36 KL O i
Wr&iT-72, SEM-EDX, # LT, EPMA |2 X
v MR ER & R T 21T o 7o, BMREEEE
EBGRAA T 2 TR DO FRITIZ UL, e iE s
Hh—V 7L XA (Pico Therm Fh5d
nano TR 35 LY pico TR) & Hu 7=,
R

1 OEGEAA v TF 2 7 FATHNE -
GIRAR, EHRARIC IS B 7L 2 INEMVE D S 132
T 1 DRI b A X 2 (2R3, FHASRERF O
BUZ L > TTIDTREZBADE L 7> TED
FHAERBIZME D BN AU TN D Z & A fEid L
7o FEMIZR BRI, B KON MRS RIE.
H OFEHIC THRET 2,

T YYNNTYW T T T T TTTT
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