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We previously found that the enormous phonon drag effect was observed in germanium-tin thin
films, where the power factor (electricity generated when a temperature difference of 1K is
applied per unit length) surpasses that of other materials. In this research, with the application
of thermoelectric conversion devices in mind, we focused on developing surface and interface
control techniques that enable temperature regulation to maximize the phonon drag effect.
Previous studies have grown the alloy films on conductive substrates; hence, their electronic
and thermoelectric properties have not been fully understood. Therefore, this study used high-
resistivity wafers as the crystal growth substrates. As a result, the high-quality formation of
various silicon-based alloys (germanium tin, silicon tin, germanium silicon tin, silicon carbide,
and calcium silicide) thin films and clarification of their low-temperature thermoelectric

properties were achieved.
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Recent advancements in single-cell biology, driven by microfluidics and next-generation



sequencing, have significantly expanded our ability to analyze gene expression at scale. It is
now feasible to obtain comprehensive gene expression data from thousands to tens of thousands
of cells at a realistic cost. Additionally, the omics layer of measurement has extended beyond
gene expression to include various omics hierarchies, such as chromatin accessibility and
membrane surface proteins. However, conventional single-cell omics approaches primarily
capture omics states, lacking crucial phenotypic information such as cell function and
morphology. As a result, they fail to provide a comprehensive view of the relationship between
molecular states and cellular phenotypes. In this study, we introduce a novel measurement
method, ELASTomics, that quantifies cell surface tension—an essential mechanical phenotype
closely linked to cell migration and proliferation. By integrating this approach with single-cell
omics using minimally invasive nano-electroporation through a nanoscale insulating thin film,
we enable large-scale parallel analyses of cell surface tension and gene expression. By combining
large-scale, parallel single-cell analyses of surface tension and gene expression, ELASTomics
provides a new avenue for understanding the intricate connections between molecular states
and cellular behavior.
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Fabrication and physical properties of novel atomic-layer materials
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- BFZEHEEE  (Abstract)

NIRRT X —MBE)EZR T 1 EEECES LR WEBEBE I V2SS4 K
(TMCs) 7z Kk x4 721 @il A (E 9~ 2 = & AW AlRE 7258 1 72 FIEThH D, Z4LE T MBE TS
D ENTE D% O TMCs 13, fsaEIc 61 5 3 [EIE 7213 6 [k 2 KB L 7= /B IR E &
. AEFEZ A T2 TMCs IR L TIEZNETIEEAERAL T LT, ZTOMEEITHE SN
BRWEETHD, T TARIIIETIX, HIFERE TH D RN A T 2 5 OxFRER L O
TR D EMRIBFE AT LT, ke 2 BitE 2+ 23R 78 TMCs 2 EBLL, TOETY
PE& SR CET D HEARPES) Z W TS NCT 5 Z L 2 B & 9%, BRIOAISE T, T4
HFHZEEDTND 2L AR P NVIE O T 72EMWE Th 5 TMCs 4 [BIxFRE 2 A7 51
T-J& TiTe <° 2 Bl #2492 IR 1@ 1T-WTez 72 £ & TMCs JR -@WE 2 B L, O\ TR
eI AT 5,

Molecular beam epitaxy (MBE) is a powerful method for fabricating a variety of
atomic-layer thin films, including transition metal chalcogenides (TMCs), which are only
about one atomic-thick film. TMCs films obtained by conventional MBE have so far been
limited to materials with three- or six-fold symmetry in the crystal structure, and have
been realized so far for TMCs with four-fold symmetry, and their properties remain unclear
yet. In this study, I aim to realize novel atomic layer TMCs with various symmetries by
utilizing the crystal symmetry of the growth substrate and the substrate temperature in
thin film growth, and to clarify their electronic state using angle-resolved photoemission
spectroscopy (ARPES). In particular, novel atomic-layer materials such as atomic-layer
TiTe with four-fold symmetry and atomic-layer 1T'-WTesz with two-fold symmetry which
candidate two-dimensional topological materials that have attracted much attention

recently, are fabricated and elucidate their electronic structure.
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DFEDSDOOMEME] (IZBT 27 7 e —FIIRBAH ORI H D, ABFZETIZ, AR T BB
and MG FRY ~—1] OEHbZ BRYE LT, BOFRY ~—OREICER Lz, #8aFRY
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FNITEY TR ~—DF a2 LpEHEE BT,

ZOare 7 NEEIET D720, 2O00MEEED T, OEDODOHTFRY ~—Iid, gL
LT, REVRRD 2FEHEOT NFNVHEAT D, ZIUT K-> TG FR Y ~— ORI ELHEHE S
o, TR v —NEET 2 2 R LR TICH =0T 2 2 L 2D, b O —DDHSy
FARY ~—I, MEHOBERAEICEH UCRE Lo, BEHLEO DT NREWIZ L > T, BoF=R
U~ —DOUHAREHMENRE S R D Z L2 R LT,

Recently, depolymerization of macromolecules to low-molecular weight compounds has
attracted much attention; alternatively, materialization of low-molecular weight compounds to
obtain plastic-like substances would be one of the solutions to achieve sustainable materials,
which however remains a challenge. In this study, we attempt to use supramolecular polymers
to create materials which potentially replace conventional plastics. To this end, we focused on
side chains of supramolecular polymers, as it appears to be a key to control the interactions
between supramolecular polymers in the solid state. We conducted two projects. We found that
a subtle difference in the side chain structures dictates the higher order structures of
supramolecular polymers, which in turn affect their solution viscoelasticity. We expect that the
research along this line will lead to sustainable supramolecular plastic, of which the

mechanical properties can be controlled by molecular design.
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- FFZEREE (Abstract)

InGaN (XA cRt L, =R LED £fbA Wit sih, ~1 7 2@LED 7 4 A7 LA
JISHIZBILREE > T DA, K InGaN fEfaIc KX 5@HE Y 7'm—F Tk, RERORIEZhHRN
< BRI RGB F£REICIRED S 5, AWFZETIX, Bl 5 Z O#EZ ., REO &L
k& RGB £EfEbiciE 3 2 BAIALY] InGaN F/ 27 AT X > TRk 5, 7/ 27 28— {bhix
A LD, T2 TIHHTZIC, InGaN/GaN F/ 2 F A+ /7 o7 L— MR E (selective
area growth: SAGHEZMEN. LT, 27 A by TIROKEERIEZITV, BOART hLiliarE%
HERFL-DD, 27 ABEINC Ko TR, k. HO~EHLOHIEZITO LT 27 AfilEEE
BA¥E L. ZORNA N = X L EFNIHIT 2 & & b1, Rty LED OE# bz D, =JFME
uw-LED SRt 2 Z8 T %,

InGaN emits light across the entire visible spectrum, and there is great interest in its
application to micro (1) LED displays, as it is expected to be used in the integration of the three
primary colors of LED. However, the conventional approach using thin film InGaN has low
emission efficiency in the red region, and there are issues with the integration of RGB within
the ultra-fine region. In this study, we will overcome these issues by using regularly arranged
InGaN nanocolumns, which are suitable for increasing the brightness of the red region and for
RGB integration. Since uniform nanocolumns are the key, we have established a new selective
area growth (SAG) method for InGaN/GaN nanocolumns, and have developed a new
nanocolumn control method that precisely controls the column top shape and controls the
emission color to red, green, and blue by increasing the column diameter while maintaining
high spectral purity, and we have also we will work to improve the efficiency of red LEDs and

achieve the integration of the three primary colors pLEDs.
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- BFZEHEEE  (Abstract)

ARFZETIL, BILAD VT LTI =7 A(ScAIN) & 2L U 7 A(GaN)D~T A DK
& ZOYMEREM « BT A ASHICOW TR 21T 572, GaN MR EIc Ay & U v 7IRIC &
ST ScAIN Wiz X X v LR SE7-E 25, BT L-ULTRHARER X ORIk ~7T
2 REAER S TND Z LGRSz, MRk 6-14%, IHE 20 nm F2 £ TH Y, GaN kic=k
— LU MR LTS ZEDMER I, 5l BEHAZ 2T T e MR FEBDO0M/ N 2 2 &7
boofe. Fie, STV TV A MY —IZ LY JEPROHEERE, KBFEWANL RE v v 70 Sc il
FRARTEMEZ B BN LTz, 2D OfESaAR EA A JeiZ, AlGaN/AIN/GaN/SiC K 12 ScAIN %
ARy ZERER L, ~T a#ESICBT 5 Ik E T A QDEG) O Rk & <72, ScAIN FiL
Flc XV 2DEG BEN 4 EREICHF ML, ZOBENEOEERFIEDSBIEE 7 + / Vi
BLERH T 7 X ABEL TS TE 2 2 E¥bo T, 72, BETBEHE 72 P2 % (HEMT)
OFRIES FM L, B2 IIRNE - (2 R LT,

In this study, we investigated the crystal growth, characterization, and electronic device
applications of heterojunctions between scandium aluminum nitride (ScAIN) and gallium
nitride (GaN). Epitaxial growth of ScAIN thin films on GaN substrates was achieved by
sputtering, resulting in atomically flat surfaces and sharp heterointerfaces. The films had a Sc
composition of approximately 6-14% and a thickness of about 20 nm, and coherent growth on
GaN was confirmed. It was also found that the c-axis lattice constant slightly shrinks due to
in-plane tensile strain. Furthermore, spectroscopic ellipsometry revealed the Sc composition
dependence of the refractive index, extinction coefficient, and optical bandgap. Based on these
crystal growth techniques, ScAIN was regrown by sputtering on AlGaN/AIN/GaN/SiC
substrates, and the transport properties of the two-dimensional electron gas (2DEG) at the
heterointerface were investigated. The regrowth of ScAIN led to a significant increase about
fourfold in 2DEG density, and the temperature dependence of the mobility could be explained
by polar optical phonon scattering and interface roughness scattering. Additionally, a
high-electron-mobility transistor (HEMT) was fabricated, demonstrating excellent output and

transfer characteristics.
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% Z°C, AL TIE, GaN LT ScAIN g2 #f fh kiR, il L7z ScAIN #ifiis U ScAIN/GaN
AT TS OFERME « HEEREO T, ScAIN/GaN ~7 n SRR S5 2DEG Ok Eo
A IC Y A, GaN b ScAIN piEHfiie 7, ScAIN K L O ScAIN/GaN ~F 144 D FEHE
YYEOEFEEE A BRO L Lo, BRI, SERFZEIZ £ 5 GaN k ScAIN OfKIE Ay & U
J R L OSIFZE RIS T 54 = v 4 % —MBE)IC X % 5k O @l SF5EIC i
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IEEDSNZ L > THIE LM TH 5. A BMEHAFM) CRIEBIE 41T/ 72 25, 20 nm
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ZEnbholz, WwIZ, XREFFXRDEIEIC LY, 10-15 [EIHTE 0 oiks -Z2fi 21 E L=, X
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6 12 ScAIN DHFHI72 /N ¥ ¥ » 7D Se MAIKF M Z 7”87, Se MR I D TRFRR
v R¥ v 73N L, Se ARk 6-14%F2 5 DOFPFH Tl 5.46-5.66 eV RRE TH D Z LM bh o7z
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B ORERIE, EbW B IRIZ BT % [ERE 25 The 14th International Conference on Nitride
Semiconductors (ICNS 14) CHEE#ZE L, “iiam Cit Appl. Phys. Lett. (253K KA Th H[1].
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I HAFAE L, %M%?ﬁi‘/\‘@lﬁc@éﬁk LTHELTWAZ EICERLTWA EEX bID.
9IZENTNDOY U T NMTEBIT HETBEINE OIREERFHEIZ OV TRT. ScAIN DAy X B
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HBEEOK FIXEFREOIMCES IR BELOZRITER L TnE (ARy X U 712k 7
W7 7FAOBERLELITAECTCVARAY) ZEE2RBTILIERTHDL. 20
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EREA TR LTS Z ENbnd. £z, F— Y —AMORE-EBE(C-VUEEIToT2 L T A,
?/%fh 1.4x1013 ecm 2 F2 5 & Hall 3R & —E T 210 HE o/, £7-, 2DEG (% AIN/GaN 7
C1BHFEL TV D ZERHRINT. B, TS AMERIT— R 7+ N Y 757 4 & H
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Z i, ScAIN/AlGaN FkEREIZRF e EOREANMMNIFEL, ADEEEME L TH
FETHZEICERLTWD EEZ TS, ScAIN HkEIZL > TREE XK T T2 000,
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I, FTHAEER E L TREORWESHEE SR Sh, MR VAT L—y g UROWRTIHTRE
2R ETEMOMEZ T TS, A F 2 D, A4 2ERIINE LYK T 5 2 & THED %
50 BAHEEDO—FET, K delta-V OFUELFLE EHIHAFIRETH Y, /INEERER 1T05S )
R NIREE 2) OFHERE LTS TWD. LaL, i ETOmARER CII+oI il s
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WSS 5 2 L TERTFHUHHMEDOR T 2 & BAIZEHE L 2 S 2/ RE/S- 2 LIA T, IS e LT
RE ERI AR Lo, AR CHE O RLE, BRHEER A E#T 2 FisER m O FHANCE T
LEMFEND.
In recent years, electric propulsion has gained significant attention for its high specific impulse
and has been increasingly utilized in applications such as satellite constellations and deep space
exploration. Ion engines, a type of electric propulsion that generates thrust by electrostatically
accelerating and expelling ions, enable large delta-V orbital maneuvers and propellant
reduction. They have been employed as the primary propulsion system for asteroid explorers
such as Hayabusa and Hayabusa2. However, in-orbit observations have revealed degradation
phenomena, including aging effects and deterioration of thermal control materials, which were
not fully understood through ground-based durability tests.
This study investigates the impact of charge exchange ions generated downstream of the engine,
which can backflow and collide with the spacecraft surface, leading to surface erosion and thin-
film deposition. These interactions may alter surface conductivity and degrade the
neutralization function of the engine. Experimental analysis of PTFE thin-film formation
revealed that the loss of nozzle conductivity significantly reduces electron emission performance.
Furthermore, an electron emission model was developed to quantitatively evaluate this
degradation, and an improved design was proposed to enhance thruster performance. The
findings of this study are expected to contribute to the development of design guidelines for
spacecraft surfaces equipped with electric propulsion systems, ensuring greater durability and

operational stability in future missions.
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