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Impact of Thermally-Induced Microstructural Evolution on the Mechanical, Thermal,
and Electrical Properties of Strontium Cerate
Arpita Tripathi!, Shail Upadhyay”
! Advanced Materials Laboratory, Indian Institute of Technology (BHU), Varanasi, India-221005

E-mail: supadhyay.app@itbhu.ac.in

Abstract: Perovskite oxide SrCeOs has been emerged as a versatile material due to multifunctional
properties. Its application for practical devices requires in-depth understanding of the role of grains,
grain boundaries, and porosity on the properties. In this study, SrCeOs was synthesized via the
conventional solid-state reaction route. To study the effect of grain growth and elimination of porosity
on the properties, pellets of the synthesized powder were sintered at different temperatures (1300-1600
‘C). The mono-phasic formation was confirmed through X-ray diffraction (XRD) analysis and
structural parameters determination by Rietveld refinement. Scanning electron microscopy was used
to study changes in the microstructure. The optical band gap was estimated using
UV-Visible spectroscopy in reflectance mode. To measure the hardness of the samples, Vicker
microindenter was used. Hardness and grain size follow the Hall-Petch equation. Oliver and Pharr's
method was employed to measure the elastic modulus of the samples. Phase and thermal stability of
samples were confirmed by recording XRD and TG/DSC regularly at an interval of 10 days. The
dielectric and electrical properties of the sintered pellets were measured across a wide frequency range
(100 Hz - 2 MHz) and temperature range (RT - 600 ‘C). Conduction in the sample above room
temperature is governed by doubly ionized oxygen vacancies. This study further helps in application of

strontium cerate as TBC materials.
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BRERGHE *0 B2 AL EAEM Nd F— 7 HIO, FRDO R & 51l
Preparation and characterization of Nd doped ferroelectric HfO: thin films
with 130 enriched layer
RREHRKE!, YEHE - #HHOTREHE
O(mMnEHE B L2, BFK EELEBKR #F KO W2
Tokyo Univ. of Sci. !, National Institute for Materials Science 2
°Seiyo Yoshida !, Takao Shimizu?, Yuka Takagi !, Isao Sakaguchi 2
E-mail: SHIMIZU.Takao@nims.go.jp

2011 4RI HfO MBI W TR lEMEN R BT 2 Z L 3G S, RERIERZHEH T
U, HO- 1 ZE R O TFH M K & < T 10 nm LA F O © b iRFFEIE 2~ 2 LTz T
PR T w2 X L OB N2 HEAGRFEEER A TV AME L LTHIff Sh T D,
HOJER B O RGHEEMIT, WEWREMTHLIEHEHTH D EEX LN TNDIR, ZOMAE N
B0, R—/3r R oE A B LI O R, BREILOSIENEE T
D EEZEZLNTWD, FrICEEFEZZIL L MEMEDZE N, DF D BmEFEEEOFKIBUZ OV TITE
DBERICEID2ENEEZ GO TROVICER ZED TOD P, BHENRERGIT D2V, 22T
AMFFETIX, Nd & F—7 L7z HIO, #lEICKI LT, BB O~ — I — L 722 180 Z @RI
BUEERA LTBEEREOER L | OBEORMRHE 21T > 72,

HEREERLT, LR L— W —HEREEIZ L > T PYTI/SIO/Si Foi EIZAT - 72, BRI IEIER D
I CTHREZ TV, S00CTEULEE T 5 Z LI L » TRidbZiT o7, #—7 v h&E LT,
Nd5%B L% R—7 L7z HIO, £ 7 X v 7 AX—7 v M & W2, 180 & @RI & T8 X,
180 2T 1000°C TEVLEE L 7= % — % M & W RRIEIZ K- TIEREL 72,

BBt L LT, Nd IRE O Kb Z & —

30
Ty MIEEND Nd OBRZELSED 2
LIk o THT o7, Nd EZ 5% & T%0 ol
Z—7y MR LUTCRER, 7% TR BirEss 0 r  -34V

WRT D ZEnMER SN, KIZ, Nd7%
R—7'® 180-HfO, & °O-HfO. D& HED 1
WA Tolz, M 1ICHEREEEIZS TS P-E b
AT U ADORERRETT, T Ok, : . . ‘ ,
THH O FEIZ Lo TERL L 72K & RI% 0 6 4 2 0 2 4 6
FEPEDS BT b RS 5 = L NTE T, plectric Reld (Mem]

[1] Béscke, et al., Appl. Phys. Lett. 99, 102903 ~ Figure 1. P-E hysteresis curves for HfOo-based

Polarization [puC/cm?]
¥ B =

3%
(=]
T

)
S

(2011) stacked film under various fields.
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MPB # /X Pb(Mg15Nb23)0s—PbTiOs D K A £ VigEE EBREIZEITS
RS BORERBIEFGE

Frequency dependence of domain structure and piezoelectric performance in AC-poled
morphotropic phase boundary Pb(Mgi13Nb23)03—PbTiO3
BXE!, OMNREKXK' HRREHRIL! BHAOHK=', EEELE!
Kumamoto Univ. !, °Taisei Adachi', Hiroki Matsuo', Yuji Noguchi', and Yukio Sato!
E-mail: sato-yukio@kumamoto-u.ac.jp

[#E] mFERITE LV —HEGZWA T v AT a—P =7 EOfix DIEET A A
INKFIHENTWS, ZOFRTHLENAL T+ bu By ZHEFMPB)LAD Pb(MgisNby;)0s—
PbTiOs (PMN-PT) 1% 1000 Z 2 % D IEF ITEWEBRE (ds) 2T (11720, FEER
REFREFICRB O T/NUE & miEe b 2 EBLT oM B e L TEESNTWD, EEERZMEH
THERICIL, PLIEROEEOEELHIL, BLRWARH > -k ThH 2D KA A 2 H—1k
T 5B S D, PEk, LERITEEL TfTh T&E 2 (B2 (DCP)) 723,
VTR, ZSIMBIETIT O [ZHAM(ACP)) D78 & 0 EEECRWES - B2 7067
ZENME SR, L Lenn, ACPIZXDIERE - FEREN EDOA T =X AIZB LT
M— L7 TunZeny, & 2 CTARMSE Tid PMN-PT (28T ACP BRHIBIT 5 i B
DJE BN « FEFFESC FAAL LV OMEICE X DB EZRL L2 HNE LTz,

[3EB71E] PMN-PT B ICEME KR, 7'n 7 7~ 7 VENR%E VT 12 kV/em (peak-to-
peak) DAL 2 HIM L, ACP Zfifi L7z, ¥ 7 V4% 90 THEE L. BRI 1,20, 50, 150,
450Hz & L7z, F£7-. —#OREHI DWW TIE 8.49 kV/iem DEFEEIR 2 HIIN L T DCP & hii L
72o ACP, DCP, KRupMEAEHIX LT, dys A—F—&F A\ dss ORE, A o E—F AT F
TAPIZK DEERE, FERK A =X A MHOWEEITT-, £z, WEINT
FREA R & PBNE S B L OVEMmE) D LFE R () 2R/ Lo, KoOoMmatE & 50Hz T ACP
i L723UBHZ DWW T, BIRA A v — 2435 (FIB) CHEFBUEIZ/ERI L, Fil e B
FHTEM)IZ L DR OB 21T o 72, AT, BIELIZREREIRDO T~ 712 FIB IIT.L
A RE 2GS L, SHORER LAY —%2 AW, EEAMNZOS TEM 82251772,

[HRBLUEZE] ACP TduBI W e 1T EL, AHEEDEBEEI EIE E @ MEE T
o7z, JAWE 20Hz LA ED ACP Tid, ds B LD e BT L DCP 04 K 0 & < 72 0 (Fig.
1), —fl& LT, 450Hz ® ACP T, ds3 1% 1890+ 105 (pC/N). & 1% 6946 &, DCP IZ K B fED
d33=1305 (pC/N), &=4773 LV &Moo, TEMBEND, ACP REHI B W Tl R fatet &
T A 78 RAAL N ROWA XN SUVMEIANZ & - 72 (Fig. 2(a)3 L (b)), I&x T,
BIEEINE O TEM 8123 TlX, 0.1 Hz ORZWEEZEHII L TH RAAL U HE D ILE L)
ST, 23U 20 Hz OZFELEDEINT R A A VR RE AT D L9 BITaFZE[3]1 0%
BT, OO EEE DD E, ACPIZEBITDEKREIL R A A LV DIGEITKEL
WELZH5Z2, OWTE, daBL Ve b RELELTLHIRTFTHD Z ERRI AR I NI,

(& 3R]

[1]J. Kuwata et al., Jpn. J. Appl. Phys., vol. 21, p. 1298, Sep. 1982.
[2]Y. Yamashita et al., US patent, US20150372219A1, Dec. 2015.
[3]Y. Sato, Appl. Phys. Lett., vol. 125, p. 242906, Dec. 2024.
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ACP frequency (Hz) Fig. 2 Dark-field TEM image of PMN-PT single

Fig. 1 Dependence of ds; on AC-poling crystal (a) without poling and (b) AC-poled at 50Hz

frequency in PMN-PT single crystal by 12 kV/cm (peak-to-peak). Yellow lines indicate
domain walls.
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T-Learner Z AWz Ic A FREFEIRE SrTiO;

IKEITS7LFVERMRNOEAREHE
BRBRMEL, RKEeHE?"
BFR —EAN BREEAZHEBGT®
Identification of flexoelectric effects in the stress-induced ferroelectric state SrTiO3
using causal inference in statistics.
Kagoshima Univ. 4 and NIT, Suzuka Col. B
Kazuma Seike 4, Hirotaka Manaka #, Yoko Miura B

INFTARIL—TTE SITIO; THBRT AR FRBFEGHBEUELHS N ICT
258, BRINAA -V TRAE®T->TEL AMEIC[001]|FA» LN EMA S
ECRANTH—ICRET S0, BFEEBBEEMHD R —IIET>TVWSEZ %
RELTEANMOEZLOMELY, RAFEBFEERTIIRBELLZRAREI
LSE2EEMRICLZ9BLIT TR, VT AABRICLSZTILFVERIMRICIHIES
BEETHLEALLNTVEY, TNLOFSEREHTET WY1k,
RKINL—TTIIEREDTERMAHNLSRARENDRIILEITRL, NS0 EF
LTWBEEINMHETESZLICEBL, MRFEBE O — D THE MR R#R %
AWT, EEMNRCILFVERMRNFTES 20T 22 2l ATWVWS[1]. 85BN
ZF42TIE, 141K, 40.0K. 90.0K. 1301 KD 4 DNBETEREBLLERIFEYL Tr L
DEBIIOWT, BEHABEXET Y VI (SEM)t BARIEKE 7 5 7(DAG)EAHWT,
HEAEGRERRBARICOVWTEMLZ. THIT400K L 141KICBIT5MBEEZTA
\\ 7= Two-model learner (T-Learner) DT LR LM E L =, SO TIE, ¥ TICHRE
TN TWS K-shape ZEAWVEI SR> ITORER*FAL, 75 XY ElLLE2T
IRANEFTL20ER, 75 RJE3 L EATIIRAN—THEKRNERYL L -,
ZTORR, REBFLARNBEBRLOB T IFrNEH 183K [1.63 K, 204 K]THY, =D
ILEENRNDEEH 036K[0.18K,054K], 7L F VERNRNEFEH 1.49K[1.23
K, .75 K]t stz CORBMBTIE, REBFULANREFHLNDI TR IHZIFTITE -
THERRINELSHENH->1-, &, RABRBRE CIIHET 2@EZB TRLENE
wYEIED, TNDEFEEE*EELLEIFTRI) TR LE, TZTARRETIE,
759 ) IR EEICLT, BE, BCRR#ERZITV, 75 R99FD
BWIEL->T, #HEENPEDLHICEALT 205 MEL 2, TRICIESXSEED DR
HIEREBAAATITRI ) > T 52T ER*EICL -, T-Learner DFER %2 &
T, CORRLY, REBFLXNLE

Two-model learner (T-Learner)

BOMT IrDZEH 1.99K [1.87 K,

211 K]THY, 2N LEEHE ;;2 @w T ®)sv T (©r
L 2 LR 4 0.83K[0.80K,0.85 ~ = I T 1
K], 7ZVLFVERMREND LA ?52-00-5_'5 E E _
116 K [1.02K, 131 K] %> =, 3 9 1757 T o .
e 7528 IERTE, et G 150F T &= 1 — ]
BWVAERE T L YRS SERA o 1250 % E 1 il
Hor=HI 2 BERENEITKREL *qé 1.00F - %—- Eﬂ %—
Rofh, TLEFVERMROE  E 075 + 1 |
BIIHEGOITERS L, 2RI T E 0.50- 1 1 e ]
Leaner * AW/ RERENF AT 0251 1 1 i
H 5, X-Learner THBEFTH 5 0.00F | 4 4 ]

%, READVVETH 5, T o o o o o =
Pg?f’s w* Psxf“s h«;ﬁf“ gt Psxf“s Pgéﬁ o * p;\f’s

[1] K. Toyoda ftf: Sci. Technol. Adv.

Mater Meth. 3, 2278322 (2023), Figure. Box-and-whisker plots of effect sizes using T-

H. Manaka 18: iid. 4, 2342234 o2y, Leamer vilh (o) inar segression (Lo, (0) suppor
K. Seike fth: ibid. 5, 2503698 (2025). ’ '
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EEHRACES(ABEFANVBOE= VT LB RIGEEOREH
Mechanism for Pinning of Ferroelastic Domain Walls and Polarization Switching
Revealed by Direct Observation
BRI, ALXBRE? CO)EAX ', H#L ' RA B2 BRI EE!

U. Tokyo', Hokkaido Univ.2, °Itsuki Miyamoto!, Satoru Inoue!, Jun Harada?, Tatsuo Hasegawa'

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

SREAFEIRICISIT D R AL VEEDBSINEIL, WS HE - FEESE ORI R E S EET
D[] FRTTRBME N A A CBEQFEEROEE 2B 5 Z LITHEERFTETH D OO, (RO
BICIIEEOESEMND/NSNWZ ERENLNEETH o7z, FxlZIhE T, 2 FEABFICE
% Sl oy WA R R ARAE T S TS T[AH][ReOs] (K a) (ZVEH L, WGBSR G OBLA
AN & 0 58 R A A EEOEM A EEENTE 5 2 & aWiE L TE 3], AEl, RAA B
DESIGE A FREINIRIT L. ZHICHS X B = 7O E OB 2 F~7- D THET 5,

B R D IRG E CTORIERFE 14 2905 L 71° B A A VBEDENL Axo Z FERI MR LT FE SR, R
AA UBECAERT DS OE) ) & B = 7 OE T DT HALEICE Lo, #ikirye 7
—7HEEZ R TP BB S (K b), FEALEOESEAEZ SIS L 2 B
=v7 A6 1), misds (D), KA BRI V) L0 ) 4BEMENG R D 2 L3 gno
7z (Ke)e THULRAA EENREICKIT DL OSAICKHE L THY . BRI - e =
T DRI T A — )V ERIB LTS, 2D IREHIPA TR ATRER 720, B E O K A o1 L BE
(2R U ClRBEDFRNT 2 ATWREHIICIIR D Z N TE D, I HICKEREL FTIE. KA A VB
DJEFENES) & xHHEABIEZ S e (RdFEARD, ULEIsiEe 270 v 2 (Kd) ORE
72 CH Y | BRABIRD R AL VISEICHET 2EERMAE 525 2 E NI SRS,

[1] A. K. Tagantsev et al., Domains in Ferroic Crystals and Thin Films (Springer New York, 2010). [2] Y. Uemura ef al., Phys.
Rev. Appl. 14, 024060 (2020). [3] EALE, 5 72 FIS AW HF NGRS, 16p-K307-16.

5 d
— Vdepin1 .
£ 201 Ll
2 7’ @)
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Sis{ |E ™| <,
H I O’
"qc'J' Axg |
AUNMEE ¢ S )
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8 S
E 150 5 051 ; g
€ " 2 # — Fiting | O 07
< 100 - Creep | O - Data
é /Shift 0.0 /
0 200 0 2 4 6 8 10 12 14 16 18 20 20 -10 0 10 20
Delay tq (ms) Modulation voltage Vi, (V) Voltage V (V)

Fig. (a) Crystal and molecular structure of [AH][ReO4]. The thombohedral lattice permits the electric dipole p in
(111 )pseudocubic directions. (b) Dependence of the domain-wall displacement on the delay time. (c) Dependence on the
modulation voltage. The fitting curve represents the distribution of pinning force. The inset shows polarized light
micrographs of the 71° domain wall under +12 V. (d) P-E hysteresis loops measured by a virtual ground circuit with various

voltage amplitude and the corresponding micrographs. The yellow arrows are the polarization direction of each domain.
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R FERI 4 b TFa—J LT DFIA
Non-Destructive Soft Electric Contact Probe: Principles and Applications
mrE ', OHR EF
NIMS?, °Michiko Yoshitake!

E-mail: yoshitake.michiko@nims.go.jp

AFM ([T WTHEMIEIAIE & 172 S 2 VR TEREDIE ) 2, ARM O X 9 7488 72 il e L
WCHE TR CE 527 e —7 2% - JMb L[L,2], Wil 0 — N—TilH OFHIRER & 2H L
THLE ATREZ eS¢ X (Fig. 1 IZHMBLEED) (IcoW T T TIcfilkanTWB[3], £7z, 3k
O UAHTEDOHIE T E LML L TWA[A]l, DY 7 v 7Fa—7%2H0n5 L, M bk 4 s
FPICEBLRFERECEBERNEZTT S 2 ENTE, REICL Y BEBEKT 5 & RESRBAREN
IV IAATLE D SAM AR — 7 A 725 0BC b B8 23 BUBH RIS 0 AT DB 22V,

Ko —T%HND L, aamIEDEBIFEL S T 7 = o 7p 8 R R PICE KM BN [1)1F
i, WEIR 7 & OIRERIREEZAGIC X DU R LT b & E Lo ER MR LS (QST -
BieE) [5], BHSIRAL DR & T ReRAN A A v F o ZEMESIE TE 5 (BUREER}
K ARTFHAE) [6], MOF @ X 9 7 e\ Vil O BAURE R OWRE RS E T 5 (GRUREAK -
KRTFHAE) [7], BAEFHBRICB VT Au A8y ZREEM L b BRSNS B & Bbh 55
PERIEN CTE D (REAK : /MBIEAE[8], Fig. 2 2M) 72 &

ORAEDHD., YHIIF > TVRFBIT) TETHS, = . e

[1] e-J. Surf. Sci. Nanotech. Vol. 13 (2015) 307-311. Figbl Appearance of standard soft
) probe.
[2] RGBT, M RS, FNnUEAR . RFRFAS 6408257
[3] /5\ EJ /ﬁ\ H: KIK : 8000 50 —
AuR /%y 2B e | O-V 1 oLt
https://www.kik-Ilc.jp/ 0.0156 mm? 4000 Tt
2000 F o 10 F
[4] 2021 474 82 [AlIE A4 | gl
S & 20 |
S KT AT o | 15
£, 12a-N203-10 : M e w0 10 » »  am w0 20 o0 a0 w0 o
, Ba0.7Sr0.3TiO3 Volgate (V) Electric Field (kV/cm)
[5] 2022 4F-2F 69 [aliE ) STO(110) o o . .
5 R A s | w2
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Simulation of Structure Dependence of Absorption in InP Nanowire Solar Cells

EERFRPR BTFER, BUHS, THAOZ
Sophia University, Yuya Sakiyama, Kazuhiko Shimomura
E-mail: kshimom@sophia.ac.jp
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[1] L. Hu and G. Chen, Nano Lett. 7, 3249 (2007). Fig.3 7/ UA Vi SIS 2 MIFE O LA

[2] J. Wallentin et al., Science 339 (2013) 1057-1060.
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The alignment of silver nanowires under the influence of surfactant
Konkuk Univ.!, Yewon Han', Yeonho Kim', °Ildoo Kim!

E-mail: ildookim@kku.ac.kr

Silver nanowires are conventional material to make a thin sheet of conducting layer. There are many ways
to process the nanowires, but the coat-and-dry method is perhaps the most common technique. However,
the evaporation of complex fluid usually accompanies the emergence of strong internal flow effect, which
sometimes changes the deposition pattern.

In this study, we report the spontaneous patterning of silver nanowires when a small amount of surfactant
is added to the solution of silver nanowires. Using nanowires of diameter 200 nm and length 2000 nm, we
make aquatic solution and added sodium dodecyl sulfate. We simply coat a glass substrate with the solution,
and we let it dry by heating the substrate at 150 degree Celcius for 15 minutes. Our visual inspection shows
that the pattern of nanowires after the solution is fully evaporated is influenced by the concentration of
sodium dodecyl sulfate. When the surfactant concentration is below a certain value, nanowires form a
random and isotropic pattern. However, when the concentration is above the certain value, nanowires starts
to align in a single direction.

This work is supported by National Research Foundation of Korea (NRF) grant, funded by the Ministry

of Science, ICT and Future Planning (No. 2021R1C1C1010158).
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Positioning and Isolation of Al-Catalyzed Si Nanowire Formation Using

Al Catalyst Nanoarrays Patterned by Nanoimprint Lithography

MANA, NIMS, ocWipakorn Jevasuwan, and Naoki Fukata
E-mail: JEVASUWAN.Wipakorn@nims.go.jp, FUKATA.Naoki@nims.go.jp

One-dimensional nanowires (NWs) have garnered

significant  attention for their potential in

high-efficiency solar cells and high electron mobility

transistors (HEMTs) due to their exceptional electrical,

optical, and mechanical properties. In our previous
reports [1-2], vapor-liquid-solid (VLS) growth using
aluminum (Al) as a catalyst was proposed to
(Si) NWs,
effectively addressing the issue of metal catalyst
SiNW-based solar cells with
efficiencies of up to 9% were successfully
demonstrated. Additionally, the tuning of hole gas
accumulation in the intrinsic germanium (i-Ge) shell

synthesize single-crystalline silicon

contamination.

region of unintentionally Al-doped p-Si/i-Ge
core-shell nanowires (NWs), achieved through various
core-multishell NW

demonstrated promising progress toward vertical

structure  designs, has
HEMT applications. However, for advanced device
fabrications, the precise positioning and isolation of
SINW structures are essential for manufacturing.
Therefore, in this study, we aim to tackle the

challenge of achieving Al catalyst array
nanopatterning with controllable size, position, and
shape using nanoimprint lithography processes to
facilitate the growth of SINWs.

All samples were prepared using n-Si (111)
substrates. A 50-nm-thick Al film was deposited
via sputtering for both patterned and non-patterned
catalyst samples. The formation of SiNWs was
carried out with a growth time of 10 minutes, using
a SiH4 gas flow rate of 20 sccm at 700 °C [1-2].
For nanopattern creation, UV-imprint lithography
was employed with a quartz mold featuring a
200-nm-diameter and a 500-nm-pitch circular
[3-4]. Then,

performed to reveal the Al catalyst nanoarrays after

pattern lift-off processes were
the Al film deposition, as illustrated in Fig. 1(a).
Figures 1(b) and 1(c) present a comparison
between the as-sputtered Al catalyst and the Al
catalyst nanoarrays. The as-sputtered Al catalyst

exhibits scattered nanohillocked structures. In

contrast, the nanoimprint process successfully

(a)
/‘ =% 3 Al Catalyst
Si Sllbst[‘gte Nanoarrays
+ 4 ¥
e mmEmEm - =
uv phot'oresist Al nanopatterning

Si substrate

Al sputtering
and lift-off process

Si substrate

Nanoimprinting
and resist removal

(b) (c)

Al-Catalyzed
5i Nanowires

Fig. 1 (a) Schematics of Al catalyst nanopatterning by
and SEM images of (b)
as-sputtered Al catalyst, (c) Al catalyst nanoarrays

nanoimprint processes,

patterned through the nanoimprint process, (d) SINWs
formed by Al catalysts without patterning, and (e)
SiNWs formed by Al catalyst nanoarrays.

facilitated the positioning and isolation of the Al
catalyst, resulting in 50-nm-thick circular patterns that
closely match the dimensions of the quartz mold
design. The formation of SINWs using these patterned
Al catalysts demonstrated improved control over
position and isolation, as shown in Figs. 1(d) and 1(e).
Although location control was successful, the SINW
vertically misaligned orientation and their rough
further
optimization of the catalyst or growth conditions. The

surface remain, indicating a need for
adjustment of Al catalyst thickness and growth

temperature is currently under investigation.
Additional results, characterizations, and their Si/Ge
core-shell structures for HEMT applications will be

presented at the conference.

References:

[1] W. Jevasuwan, ef al., Nanoscale 13 (2021) 6798-6808.

[2] W. Jevasuwan, et al., ACS Appl. Energy Mater. 6 (2023)
7169-7179.

[3] W. Jevasuwan, et al., JJAP. 56 [4S] (2017) 04CPO1.
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SiC Formation on SiNW and Si Surface via Close Space Technique Carbonization
Research Center for Materials Nanoarchitectonics (MANA), NIMS!, Univ. of Tsukuba?

°Pengyu Zhang'2, Wipakorn Jevasuwan', Naoki Fukata'>?
E-mail: zhang.pengyu@nims.jp, FUKATA .Naoki@nims.go.jp

Introduction

Silicon carbide (SiC) has emerged as a promising wide-bandgap semiconductor for next-generation
power and high-frequency electronics, owing to its large bandgap (3.26 eV for 4H-SiC), high thermal
conductivity (3.7 W cm™ K™), excellent chemical stability, and high breakdown field strength. However,
the heteroepitaxial growth of high-quality, continuous SiC thin films on silicon (Si) substrates remains a
critical challenge. Under low-pressure conditions, rapid gas-phase reactions between CHa, Si, and residual
oxygen at elevated temperatures complicate process control, while Ar carrier gas can promote unwanted Si
transport. To overcome these limitations, we introduce a modified close space technique (CST) that
confines CHa/Ar flow between two boundary layers, suppressing undesired gas-phase reactions [1].
Experimental section

Silicon (Si) with a carbon (C) layer (a) (b)
formed by carbonization at 1000 °C, Ar+cH, L2004 30008
along with Si nanowire (NW) samples f/‘“

of uniform height (600 nm) fabricated
via electron beam lithography and
Bosch etching, were initially Figure 1. (a) Top-view schematic of the SINW substrate. (b) Schematic illustration
subjected to CST carburization at  of the sample placement during the carburization process.

1200'°C (Fig. 1) for 1', 15., and g (b ©

30 minutes, as shown in Fig. 2. X BT ’
Subsequently, SiNWs with different
heights ranging from 600nm to
2400 nm were carburized under the Figure 2. Cross-sectional SEM images of SiC/SiNW samples after annealing at
same CST conditions at 1200 °C for 1200° C for (a) 1 min, (b) 15 min, and (c) 30 min, respectively.

15 minutes (Fig. 3). These (a) 600nm (b) 1200nm (c) 1800nm (d) 2400nm
experiments, involving variations in
carbonization duration and the spatial
gap between the carbonized Si layer
and the SINW or Si surface, were
carefully monitored to enable the
effective formation of a SiC layer.

Results and discussion

Under the CST method, the growth rate of SiC on SiNWs and Si surfaces was significantly reduced with
shorter carburization durations and smaller inter-wafer gaps, as shown in Figs. 2 and 3. A growth rate of
approximately 1.33 nm/min was observed for SiC on SINW surfaces. Notably, Si surfaces without elevated
NW support structures, corresponding to an approximate 1 pm height difference, exhibited a measurable
increase in SiC thickness. This increase, approximately 10 nm of additional SiC per micron of height,
suggests a strong correlation between vertical confinement and localized growth enhancement. The internal
geometry and spacing between facing wafers play a critical role in shaping the local reaction environment
by suppressing gas-phase diffusion and promoting vapor-solid or solid-solid interactions. The confined
configuration retains reactive species near the substrate surface, thereby minimizing undesired side
reactions. Conversely, increasing the inter-wafer spacing reduces the confinement effect, potentially
disturbing local concentration gradients and altering surface reaction kinetics. This phenomenon will be the
focus of future optimization efforts aimed at further elucidating the spatially confined reaction dynamics
governing CST-based SiC formation.

Reference

1. T. Furusho, S.K. Lilov, S. Ohshima, and S. Nishino, Thirteen. Int. Conf. Cryst. Growth Conj Unction
Elev. 237-239, 1235-1238 (2002).

SiNWs

,28.9 nm , 29.1 nm

Figure 3. (a-d) Cross-sectional SEM images of SiC/Si surfaces formed by different
inter-wafer gap, showing the corresponding SiC layer thickness after carburization.
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The influence of size engineering for aligned-well vertical Si/Ge nanosheet array using
SWIR photodetector
°WANG Guanghui'?, Wipakorn Jevasuwan', Naoki Fukata'-?
Research Center for Materials Nanoarchitectonics (MANA), National Institute for Materials Science (NIMS)',
Univ. of Tsukuba®
E-mail: WANG.Guanghui@nims.go.jp, FUKATA.Naoki@nims.go.jp

Semiconductor nanostructures, especially optoelectronic
detection devices represented by silicon/germanium (Si/Ge)
core-shell vertical nanostructures, have received widespread
attention in recent years. The Si/Ge core-shell vertical
nanostructure exhibits great potential in improving carrier
mobility, enhancing photogenerated carrier separation efficiency,
and improving device stability due to its excellent heterojunction
interface quality and unique band structure!*. Although Si/Ge
core-shell vertical nanosheets have shown promising prospects in
the field of optoelectronic detection, there are still several urgent
issues that need to be addressed in current research. For example,
in the preparation process of nanosheet arrays, how to accurately
control the orientation of nanosheets and maintain the uniformity
of the array is one of the important challenges to achieve
maximum performance. In addition, the specific effects of array
density and aspect ratio of nanosheets on optoelectronic
performance are not yet clear, and existing research mostly
focuses on a single or few parameters, lacking systematic and
comprehensive exploration. In this report, we achieved a
significant improvement in the performance of the photodetector
by changing the aspect ratio and density of the nanosheet,
allowing its absorption to reach 100% and enabling selective
absorption within a specific wavelength range. The purpose of
this work is to reveal the physical mechanism between parameter
regulation and optoelectronic performance improvement of Si/Ge
nanosheet arrays, providing important experimental basis and
theoretical guidance for the design of future high-performance
nanostructure photodetectors.

Preparation of Si/Ge nanosheet array:

Si/Ge nanosheet arrays were formed as follows Si substrates
were coated with a resist layer via spin coating, followed by the
formation of patterns with varying diameters through elctron
beam lithography (EBL).

l MgO depo

hotoresist
M A - = -
l remove MgO Ge shell

. M/

Fig. 1. Fabrication processes of Si/Ge nanosheet array.

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 NSs. Finally, these NSs were
reintroduced into the CVD chamber to form n-Ge shell, as
illustrated in Fig. 1.

(a) (b)

/isi (400)
Ge (400)] |

Intensity (a.u.)

b G DL R Bl At

30 40 50 60 70 80
26 ()

Fig. 2. (a) SEM images and (b) XRD data of Si/Ge nanosheet array.

© 2025% ISRYEE S

The SEM image from Fig. 2(a) reveals that the Si/Ge NS
arrays exhibit well-aligned structures and can be easily controlled
using EBL. Fig. 2(b) XRD reveals the assurance of good crystal
quality for the next step of optoelectronic performance analysis.

Optoelectronic performance evaluation:

Figure 3 (a) shows the PL spectrum of NSs, from which it
can be seen that the peak intensity of Si/Ge core-shell is lower
than that of Si, indicating the formation of type II energy bands
and an increase in carrier separation efficiency. Figure 3 (b)
shows the photodetector diagram, revealing a significant
improvement in photoelectric performance.

(a) (b)

——Si/Ge nanosheets array
Si nanosheet array

10°
——Sinanosheets array

. Si/Ge nanosheets array
107 F 980 nm

MEAAAA 1200 nm

A

PL Intensity (a.u.)
Current (uA)

n L L
800 1000 1200 1400 1600 10°
Wavelength (nm)

6. 9‘26 6 9‘28 6. QIBO 6.932
Time (s)

Fig. 3. (a) PL spectrum of Si/Ge NSs compared with Si NSs, (b)

Photodetector performance under the laser illustrated by 980nm and

1200 nm of 0.5V bias and 2mW/cm?

——si wafer
Si nanosheet_2um_100x150nm

pitch: 500 nm —— 100x150nm 10l

1.0 —— 100x200nm
—— 100x250nm

—— Si nanosheet_500nm_100x150nm

0.8

Absorption
e o
@

T

Absarption

o
N
T

-
o

L n L L L L 0.0 L L L L
400 600 800 1000 1200 1400 300 600 900 1200 1500 1800

Wavelength (nm) Wavelength (nm)

Fig. 4. (a) Absorption of Si/Ge NSs with different Si NSs planar size, (b)
Comparison of Si wafer and various density Si NSs with 2-um and
500-nm pitches.

Afterward, we planned to achieve selective control of light
absorption by photodetectors by adjusting the aspect ratio and
density of NSs. Figure 4 shows the results of the first attempt on
Si NSs. It was found that with the increase of aspect ratio and
density, the absorption peak gradually redshifts, and the
absorption efficiency significantly improves, which may be due
to the influence of Mie resonance. This result lays an important
foundation for the subsequent research on core-shell
photodetectors.

Conclusion:

We significantly improved the performance of the photodetector
by changing the aspect ratio and density of the nanosheets to
achieve an absorption rate upto 100% and achieving selective
absorption within a specific wavelength range.

References:

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

[2] N. Fukata, et al., ACS Nano, 2015,9(12), 12182-12188.

[3]1D. Suh, et al., The 9* ICST[C], IEEE, 2015, 187-179.

[4] D. Suh, IEEE Transaction on Electron Devices, 2018,
65(12), 5406-5411.
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Suppression of Concentration Quenching and Enhancement of Quantum Efficiency in Mn-
Doped Core/Shell/Shell Quantum dots

BRART OXiE &3}, EHE O E. MA sk, BN KB E B3l & KE
Osaka Metropolitan Univ.
°Y. Osako, T. Nishida, J. Okamoto, H. Nishimura, M. Shibuta, and D. Kim
E-mail: sr25786r@st.omu.ac.jp

I-VIEEARREF Ry M Mn A A% R=7425Z LT, RA NS Mn ~DER/LF—F
B2 L7z 4T 1go0A 1 D d-d BREIZHES <5E (BUF, Mn%6t) 2ElIE 5[], O Mn 5t
X, RERARN—7 AT ME@BWETHIFREZR L, L AHDRIC AT 5 R E A bR &
L COSHAPYIFRF SN TVD[R2], &5, FA MET Ry hO/NY RiFER/LF— L Mn BT
RNF=PIEET 25T, N Rindét & O 2 W RFEEABI S [3]. RENER Ot
Y E LTOREMS RIAENS[4],

FxIZZNETIT MnA A% ZnS ¥ = /VIE A LT- @& E+ N~ b (ZnSe/ZnS:Mn/ZnS)
ARBVERGETIELL . W R 2 BT 5 FEZAR L TE 22, 5], AFETIE, AR
Kz Mn F—7 & (ZnS:Mn) THE L. £ O LIZRH#ER ZnS 2R S EOMWEZ > TV D,
—5 T, BOEFERICE Y . F=7 AR Mn A 4> OBEARLETH Y | FER
& LT Mn BIHEEEAE L 220 = L F—BENC LD Mn BHEOIHINAET D &V ERH D,

ABFFETIL, ZnS:Mn J&E DGR IZ —ER OMRE TRAZFHAT 5 Z & T, iR Mn o B AHE
ZEL. MmWIENFREZHERF L7 Mn F—7 &1 Ry FOERZERZ 72, BARIZIE, CdSe B X
O ZnSe Z7h A k& L, F—7EEREIZMIEIT T n HHERE Lo, iz iRk S S =g
W Ry FEER U7z, Mn OEAZIREE T Zn 12%F LT 22.5 mol% & L7z, (REHIHIHICIEE
OB L. 2R Mo b~ H o & LT L b0 LBz 6N D, il
RV ET Ry b ERBW % yiith, (R ZnS ZTERLLT-, Z O FiEZ MV, 1.6~2.4nm OHL
BEZ RO CdSe BL U ZnSe B+ N v b BRE S HOBUEZ/E L, R BHn = 0~14 THCHE
PEAFHE L7, ZORR. RE 4 HiR (n=4) [ZHREEZITER LIS EI2 2 TOMENT Mn ¢
WIS, n=0 TR TRRTH 14 FFOMER B2 Lz, BEHBRT v 7 7 A /L OH
TETH A OIER B S 4v, Mn §=E O EAIZ X 2RO 23 Rmme S v,

ARFFEIC LD . F—=T @A ORE TRIZ L > Tlfl Mn 2B IRAICFRE L, &2 Mn 5
Jea RELTE 8l /a 7 v AR LTe, AFETR R BV A XA EH AT
oY IS E OO R BT A ZA~DISHRERHIR S D,

[1] R. N. Bhargava et al., Phys. Rev. Lett. 72, 416(1994).
[2] H. Nishimura ef al., J. Mater. Chem. C 9, 693(2021).
[3] V. A. Vlaskin et al., Nano Lett. 10, 3670(2010).
[4] C. H. Hsia et al., ACS Nano. 5, 12, 9511(2011).
[5] H. Nishimura et al., RSC Adv. 12, 6255(2022).
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Plasmonic refractive index sensors based on I'TO nanoparticles ensemble fabricated
by a laser ablation method
RRES", BERRS D X4 ? O/l ShBEM. 4 REa) !, LM #'
The Univ. of Tokyo!, Nippon Paint Co., Ltd.2, °Hirotaka Ogawa'?, Seung Hyuk Lee !, Tetsu Tatsuma!

E-mail: ogawa07@jiis.u-tokyo.ac.jp

e E 77 XE g (LSPR) &, @& 7/ b1 O B HETOIREID KO ES & L4 58
LT 5, LSPRIE, T /KA JEFHOBHENEMNT 5 & ZhBiratis] L T RN 7 b
T5DT, T RXE= v 7 EFrERE Y (LSPR W) & LTHW O, BEIRFERIED AR
bt v 7 SIOEHTE D, 6k 5 Lotk AT LSPR 2R L, L5MIIC
LE I T ) KA EICHW B TE -, LSPR &Y OEPTREE 13— %2, LB ENERE
21 EmL< b L nbhd, &) /i FOREBREZRERICTAFIEE LT, F /R TO
BIFHER RS, RO v 7Y v 77 E3F bivd, —J5, LSPRIZ&R T/ ki 17211 T
T2 FEmRF v U T BESCBEE 2R LAWK bR, £ O T RSMEECT LSPR
R AR R=TW{bA UL (ITO) T /R Fid, H&R & L Tl Th VLFIIC b L
ETHD, £/, R—tr 7 CBLRIEFEIC E > CTx v U 7 HBEZHIEH CE 5720, LSPR £
PA~OICHPFFCE D, L LR 6 16RO ITO T/ ki 7 L EITEERF TR EN D729,
KEOFEIEHERN > o T2 BET BN D D,

AW TIE, L=V =T T L—a B L VIRER 7 ) —CHIT 5 &[RRI B IR 41
FFL72ITO F /7 i1 2 & VT, SERAMEIRIC I DTSR v v v T ERITV. T ORI & G-
Uiz, B7pd L—P—RESHRMHEIC LD 1ITO F ki FEERZER L, Zh b OO BT EE1{kiz

5 LSPR R ~7 b &, TOEITREE (Figure 1) X 1000 R
Figure of merit (FOM) % #fAfi L, LSPR & > ¥~ f] v] Tl .'...
TEAEERRI L1z, 7o, ITO T/ REFBREMAL TRE TR
SHHI LT, LSPRERERERICY T h S, BFHE g | RRAN
BB AT & 5z, (FR LI 1TO 5/ f 7405 TORER L
EROBITESEC VT, ARESHHEE (FDTD) ™ e o

1z 7 4= - pasd \ E Sib IR
B L DRI O o T APPTEERBMIEARBAM - g e 1 sz b ciem Lz 1m0

(Bh5 AF-2023237-C2) DO FIEZ 5T CTEE L7, F kL FERIC B D I R
(RIS) @ LSPR I EA&AFME

BE IR

1. M. Kanehara, H. Koike, T. Yoshinaga, and T. Teranishi, J. Am. Chem. Soc., 131, 17736 (2009).
2.S. H. Lee, M. Yin, and T. Tatsuma, Appl. Phys. Lett., 126, 023502 (2025).
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Cu F—T 3 T RTUET /4 BED I HERE TR AR EA

Elucidation of the opto-functional mechanism in Cu-doped nano-tungstic acid semiconductors
JEXRITEHBR!, THWHEBE? OM) LA 3!, ED H— 2 & KEE’
Eng, Hokkaido Univ. !, F. of Eng.2, °Kira Yamauchi!, Seiichi Watanabe?, Lihua Zhang?

E-mail: yamauchi.kira.f3@elms.hokuda.ac.jp

(#E) 1. V—ARr=2— I LOEHOZDIAREHCAb = x VX —JH L L CHA
AT RLF—0 9 LRBENAER S TWD, KT 2 = L —L % 5 MOk G HgRE
MEFE WD A, Z OO JRIURF IO CTEE L 725, LnL, BURIT= R X — 0 R
¥y TIMRKREL, FAMERICB O TEMET 2 b OME LA ERDOT, AL - RISEIZ S ATRE
RRTCIM B RO BILTWD, Z 7 AT UFE(WOs - nH0)lE, 23 R¥ v > 778 2.3eV F2E
THIHINSWZ &b, AIETHIAICE 5, SHIC, Cu & R—7F5Z LT, HAERLEE
+ - EALKT O FFEE R L ME TE D AIReMER H A, £ 2T, AFFETIECu & R—F L& 7
AT UBEAWT, EREOARIC LD RESFHEOTEZIT, ¥ 7 AT VRO IR
HtEZ T2 Z L2 B E LT,

(77351 1 g @ W IZx4 % mol L 1% CuChifE 7apm) it b o - - - pure device ]
BEAE KR (10 We%, 40 mL)ICVfiR St 7=, (RIS L 7= psiflc S osf T IR Gudopeddevice |
SUS316 A7 > L ZH:M(150°C,5h D7 =— LALER) 2215 &
T 100rpm DL TF T UV BBE(A=365nm, 27mW/cm?)
% 3 HFE one-pot 7 /N1 AMER AT T2, ZDtk, {ER LT
BEHE SOCTHBREES 2 LT v 7 AT L iETET /A o
I G2, BONIRET S A 2 EAEH B, Pt %%t %0 W:leen;g’(nmz)"”“ 2000
FREERR, Ag/AgCl S MEME L C =Emikz HWTOLE
SALFRE 21T o 72, FBAFRIZIL HaS04 0.5M, FREF LTI
AM1.5G BRIKB A2 W THIE L7z, £ Ol UV-Vis-

NIR I X D2WSEFERIE, XRD, SEM % W ToAEEMNT HIT 10 s
of L IH—

27, <o y
£—10}

R SRIFig. 1 ICVERL U725 /3o 2 OWLEEHIE DRk H % o5 5_20_ .;‘I'
T Cuk =792 2 &Taldbt, RIVEOBIEEN L \g:ig "s
5 L7z, Fig 2 1ZREPTT & AML 56 BEBURBIERE T T 0V € —sof ]
WE DR AR, FHREHC X > CETIMEES Y O:jgl .
52T ARBICHFSTHX Y VT EINL, 4 Y — R3] —08 —06 04 02 00 02 04 06

T%%{/ﬁfﬁbii@ﬂu l/f:o Potential vs Ag/AgCI (V)

References: Fig.2 Results of cyclic voltammetry

Fig.1 Results of absorbance

measurement by UV-VIS-NIR

- = = dark
—— AM1.5G |

[1] Melbert Jeem et al., Adv. Mater. 35, 2305494 (2023) measurement under licht irradiation
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BE—SFRBROFREEDROE—REHAICK SR
First-principles study of finite temperature effect of
a single molecule cross-linking system
MEAI' OHEB Wk, X KA, MF Rtk
Kobe Univ. ', °Miku Furushima', Mitsuharu Uemoto', Tomoya Ono'

E-mail: furushima@eedept.kobe-u.ac.jp

(R H—OnTE2EFT A AORTELTHWDLHIF, 51Tl 7 ba=2 R ZEHEE
HREESTWD[1], HAIFINET, M 1ITRIND XD 7 Si2x2 B &R o RS 7
BEMEICZEE SN TV DL RICTOWNT, BIRDRC N T P X Z FEBLO AR O 5 — BRI IR
DA TET2],

WA, B2 1T Si2x2 HHE &2 FF 000 TG RICB W T FIE 2 L7236 h o RV RIC XL D15
%ﬁﬁéihé:t%%%#ﬁbkmo:nm#&bé 53 FHE D TR0 1B YL A3 B2
MR THLHEND ZEERLTVD,

ETAT, ETF AL ZAOFHEICITRENEET S5, L LR bHE - FEFHREIZL > TREDR)
RAEBY A CEE/REE TRT L ZETEH A NoBEr bW TH D, —FH T, Lkodt
I RO R E ST

L TR O e . o,
€ iPr ITr ipr
s N = — > ) APr ST
DIEVER - RERNBEESED s S e e e
B Ta Ve =W O 1 YA Y/
TAASTHEL 725, T AT Y
iPr ;p, {Bu iPr iPr }\Ae

ARWEIE T I3 LB EIE & 0+

BNy RIS &0 - BGE ORI AP Fig. 1. A chemical formula of Si2x2 molecule.
ZEHE L, ARIEE TOLF2UER D

FrE T3 2 T,

(L] Vienna ab initio simulation package (Z & U | 9,30, 50 K DIREZRET TR 1 O D40+
A FHREZFIT LI, B A DAT v T TONFHEENZEBG L, TXLVXF—0F O X 2 fif
Mrliz, =R —UEMLOFED X | M, RERHEOMEITERZ Y BTG T 5,

EEEN
[11Y. Liu, et al., Chem. Phys. Rev. 2, 021303 (2021). [3] M. Furushima, et al., New J. Chem. 48, 16008
[2] D. Yin, et al., Adv. Electron. Mater. 2400390 (2024).

(2024).

(R ) AHFFEIX JIST CREST (JPMICR22BA) D XAE 2 Z 1 F T2 b D TH 5.
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FFOJEREMFEDOS I aL—2 3 Y ETILOER
Improvement of Simulation Model for Analog Resistance Change Characteristics
SBEE ! IRKI2 OB EE, M BE 2 A’ EN!

NIT Maizuru College!, Osaka Univ.2, ©T. Yuasa!, T. Hayashi"?, Y. Nishi!

E-mail: $9292@g.maizuru-ct.ac.jp

BUHIZ RMRFERMEA VR F FRAEBF L L TH/HIA TV ARIIZA X VX, B 3E0MZE
LR DRIFEDH & 222 o TRV, FrA X, bR > 2 AW E(LRTA/RT 7 F v ZHEi AL
ot LT, BRREAPER T 2E8EE T 4 AV FOBESFY IaL—Ya YyEFTAZHVWT T 4
IR >+ OERN RN BIEREHR LR (1], LrL, ERTTOERICBY 2 IERNZLE TN 2 Bl
E I HEHEVELRD - 12720, AR TIIEREZESIE2 2 2HNE T 5.

FHE ERTOBRILE ¥ 2V 2 ZHECERMPIERETDH 5. 2Dk, HifEmk
fbtx >z LTOYHMEICEEEORMDAH D, T E—20YMHMEELEI X2 Z I k> TEEE
GBI EkidA. ZITE, EHIAMETH 28L& ¥ XV OBRURERon,0, + BUREHR ko, 1D
WC, MUROREFWTHEN 21T 7.

OTa05 = O'Oe_%c (1)

kra,05 = ko(1 + AT = T))) (2)

BB, RFETIIHEREALO 7 4 v ZHME P 7 PIRZERB L 2#KS I 21— a3 %, COMSOL

Multiphysics % W THESR L 7= [2].
FR - B BILZ U 2V OBMRER NS B 1355 0EM-BERMEZ Figl(a) 1R7. BYRERE 70 5
35T, ERZFITE 1.8 mA BEOERMELZG 2 Z LT & k. fHTELENOMRZHLIEE 021 )
IR 5 2 e CHEZRZZLEM L, BIREDEM L - E X 505 Figl(b) K DEBVMRER L 710352k
TEBREBID 747XV I - ZDEREIN, FLZ0BEIREVIEHATHNS. LarL, 100 fF
DIDBEEAMEBIE T 2 LBRZZILOTWAIENTED, 7 4 v ZIBDP K E S MRILOWA %@ 2 THL
BLTW2Z e ghot-.

—77, B2 > 2N OBXURERZHNE 58 OER-EERNTEZ Fig2(a) IIRT. BXUREREIMNS
BITHENETEZ G S B0, FRHCBHRMENL, SRS R A% ko7, T2 v &
NCERPRBEL Eiciihiz7-dTH 2 e EZ 505, Fig2(b) IRTELX ¥ 2L OBSIEESRE 20 f512L
TG BDREND DD LI, FEIRED T 4 7 XY b RERBED > TVRWL. 2D b
7 4 7 XA Y b OBFMES mA HRTEMEL TWRVWZ e 0h 5

D EOFEREID, REVEFZMFEEBR22D1ICE 74 7 XY FEBLE Y ZVOEBLRGEROX v v 7
DIEFFHICHETDH D, BRI S NGB ICERURERPKECHEMT 2 Z e HENTH 2 L VWA 5.
SE R
[1]1 Y. Nakamura and Y. Nishi, MEMRISYS 2021, P-11
[2] Y. Nakamura and Y. Nishi, Jpn. J. Appl. Phys. 61, SM1012 1-7 (2022)

3 cv[mol/m3|
cv[mol ){ m 3] . filament  Ta:0s x10°
filament  Ta:0s 2 5 2
| 18 3} S 18
2|
b 1.6 g 10 & 16
: 2 i :
' 1.2 E S .
.5 1 © 72[ '\“’& 1
a 0.8 3 0.8
L5} 0.6 &7 0.6
5 ! 0.4 s 0.4
Voltage (¥ s . 02 e 02
L X[nm] 0 x[nm] 0
(a) I-V characteristics (b) Profile of oxygen vacancy (a) I-V characteristics (b) Profile of oxygen vacancy
concentration concentration
Figl In the case of change in thermal conductivity Fig2 In the case of change in electrical con-
ductivity
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Thickness-Dependent Bandgap Modulation in Ga-Doped In2Os:
A First-Principles study

Institute of Industrial Science, The University of Tokyo, “Pandy Chitra, Masaharu Kobayashi
E-mail: ch-pandy@iis.nano.u-tokyo.ac.jp

Introduction: In.Os-based oxide semiconductors have emerged as promising channel materials for
monolithic 3D (M3D) integration due to their high mobility, wide bandgap, and compatibility with low-
temperature processes [1]. As device scaling pushes channel thicknesses below 5 nm, understanding how
structural confinement and doping affect the electronic structure becomes critical for enabling back-end-of-
line (BEOL) device stacking. Ga-doping is commonly employed to stabilize In.Os and tune its carrier
concentration [2], but its role in confined geometries remains unclear. In this work, we explore how Ga
substitution alters the band structure and transport-related parameters in ultrathin In.O; slabs, with direct
relevance to oxide-based M3D transistor design.

Results and Discussion: The quantum confinement effect on In,O3 and Ga-doped In;03 (IGO) thin films
were theoretically studied by DFT as implemented in Quantum ATK simulation package. Optimized norm-
conserving pseudopotentials and the Perdew-Burke-Ernzerhof (PBE) exchange-correlation were used. We
constructed hydrogen-passivated In.Os slabs with thickness varying from 1-5 nm, as shown in Fig. 1. A
vacuum layer of 2.5 nm was added to both sides of the slabs. Ga-doping was introduced by substitution at
In:Ga=3:2 (=40% Ga). Electronic structure calculations were carried out using GGA-PBE within the
Quantum-ATK framework, with full relaxation of atomic positions and surfaces. Bandgap was extracted
from the band structures, and electron effective mass (m*) was determined by parabolic fitting near the
conduction band minimum (CBM).

Undoped slabs exhibited the expected bandgap widening by quantum-confinement from 1.31 ¢V (5 nm) to
2.05eV (1 nm) as shown in Fig. 2. Moreover, the IGO slabs reveal a lower bandgap across thicknesses
(1.2%V to 1.17 eV) than the In,O3 slabs, defying the expectation of bandgap widening by forming GaOx.
Projected DOS analysis showed no gap states, pointing to intrinsic band edge shifts. We attribute this to Ga
replacing delocalized In 5s orbitals at the CBM with more localized Ga4s states, [3,4] thereby reducing
conduction band dispersion and lowering both the bandgap and electron effective mass. m* in Ga-doped
slabs remains stable (~0.19 m.) across thicknesses, whereas undoped In.Os shows m* decreasing from 0.29
to 0.20 m., with increasing slab thickness.

Fig.1 Atomic structure of 3nm-thick Ga-doped In.O3 slab . . . . .
Summary: Nanosheet oxide semiconductor InO3 and 500l —v—I1G0 32 |
IGO shows bandgap widening by quantum confinement. ' —=—1In0
Ga-doping in ultrathin In.Os induces bandgap narrowing
and stabilizes carrier effective mass by modifying
conduction band orbital character. The behavior is driven
by orbital hybridization rather than defect states. These
findings highlight the interplay between doping and
confinement, providing key insights for future oxide M3D
device engineering.

References [1] Omura, Hideyuki, et al. Journal of Applied T~
Physics 105.9 (2009). 1.00— ' ' . :
[2] K. Hikake et al., IEEE Trans. Electron Devices, 71, 1 2 3 4 5
2373-2379 (2024). Thickness (nm)

[3] Alexandr I Cocemasov et al 2020 J. Phys.: Condens.
Matter 32 225703

[4] Julia E Medvedeva and Chaminda L Hettiarachchi
Phys. Rev. B 81, 125116
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Fig.2 Bandgap versus slab thickness
for In,03 and 1GO slabs.
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La,Nb 3t F— 7 SrTiO; D E\E M:BE D 34l
Evaluation of thermoelectric performance of La, Nb co-doped SrTiO3
KRBT, K- B RBF 2, OM2)= LE—RR , &2 2, RE#ES
Hokkaido Univ.!, Photon& Thermal Energy Lab.2, ©Keiichiro Mikami!,
Okinaka Noriyuki?, Zhang Lihua®

E-mail: mikami.keiichiro.d6@elms.hokudai.ac.jp

1. ILBHIZ

BUE, R 72 RE O RSP HBRIR IR L IZ L 558 T, =X X = ~DOBLAEE -
TWb, ZOHT, Bxa, BELFTCRERT. aﬁﬁﬁ&ﬂ%kEL%Ménéﬂ%$k’wxé
BVEAWMEHCER NEE > T D, BVELEHMEHL, RICHRPMEFS THLINAHRETHY 2R
F SR WE S REVEM B, 87 TR AL FRICLE L T2 DIERE MRV ER L EVER B 72 &3
HDHD, AW TIHMEBRIE AN CTh DB LEVEMEHIE B Lz, BAEMREIT R ootEReiEs
HDITEIZ L > TEEZN, ZT=cST/k L EDHND, I I ColFEREEE, SFE— v 717
Bk ITBMRE SR T 1THHEE Th 5, AWFFED BRI, BRLWEVEM B TH 5 SITiOs(LL T STO)
Z VT, IWFREEARRIEIZE D LaoNb 23 R—7"9 % Z & C, BT EEEZEN, KOER
REREE EXE, BEERELZ5E ETF52L0WH 2L THAD,
2. EBHIE

STO DJkhE 72 HHHEAME L . F— 7 ItR OB OBREN( 7 U > o IRFB) &K & g1t
L7, £k, BXIFIZE D 500°C 5 7 MAKE S, AHli 2 AILT 728 1000°CT 10 R 7 =—
JVAVERZ- i U 72, SR S o 7B RKaEHT % L. XRD, SEM, EDS |2 X Bt 247V, MRS
Wie EaFARIz, ZOh%, MEKREE T —R XA ATEA L, SPS 12XV BEf &7, ik
sV RZ 3mmX3mmX 10mm (24 v b U, ZVERHERHMIEE E(ZEM-3)IZ & - TESREEE K )
=y 7R AR ST,
3. ERFERBIUEBR

Fig. 1 IZEBRIZ LV G LN BRUSERORERFIEZ R T, La & 10%, Nb & 20% F—7 L7
BT La & 2% Nb % 2% R—7 L7=ilBHI bR RE WEBERBEREZ 5 S T 2 L Igkh LT,
ZiE. FEOBWR—E U TICE) R—E U RN EMOY A MIRMEnT-72E % 2
BND, Tz ZT EOREERIFIEICOWT Fig2 1R d, IREDO EH L LI ZT T EH L, il
G THFEE F—E 7 Lz Z LI L DMEREm B2 KRS STz,

10000 —

"—o—La2% — Nb2%

025 H—o— La2% — Nb2%
———Lal0% — Nb20%

—o—Lal0% — Nb20%

8000 -

020

6000 - 0.15 F

4000 0.10 -

0.05

Conductivity, o(S/m)

2000

0.00

Dimensionless figure of merit, ZT (-)

L L L L L L L L L L L L L L L L L L
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
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Fig. 1 Electrical conductivity of Fig. 2 Temperature dependence of
La, Nb co-doped STO dimensionless figure of merit
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BALEAAR Y TF L 2T ) A—)LiBBEDOMERI & 5K FER

Formation of microparticles by heating copper chloride polyethylene glycol solution
BEXBIETL !, Science Tokyo?, (#k) elleThermo® ©M2) H# #1{=! WTF #F23, 4£5H #!

Yokohama Nat Univ. !, Science Tokyo %, elleThermo, Ltd. 3, “Tomohito Tamura’,
Sachiko Matsushita® 3, Takashi Ubukata'
E-mail: tamura-tomohito-xy@ynu.jp

1. #S

TR — RERIR DT DI EAE LT, ks
JEIUEK F FEHL(STC) DR SED M T TuD, STCI -8
TRODENJHEL B Aof A= & FEARE R DA A DB TG
ARG DY THRETLEMTHI, BEEEZ LS
F1Z2200 °CLL T OIKIREE EHERUICE M TE D, 1E
T HICEMA BRI HUE 35721 TR EMREN EIE
B7eE ORISR H B,

STCOEMELL T, HALHIENaCIZ R =F L7 Y=
—/L(PEG)600IZ¥EN LTI A BITHHL TV D, LnL
AREME TSTCOEMMEEITHE PEGH THIRL 753
B, FEBIEREAME T 9 5L WHFREMN S A0, $ibhs /&
BIZPEGESHIA A D AAERIZL DL D EE X LN T
WA, BURBYZR A = X NF W EIZ IS TR0,

AWFFECIRIEALIIRY =F Lo 7Y 2 — LERIE D NI
JVAEUDBRI I8 B L, TOAERSERBLOIBEKICS
WCRRAE L 7=, F72, NaClEFRINZ LA 0k 1A sk gh 5=
WZOWTHREIL 72, AFFECTEbN M B EbL eI, PEG
HIZ 31T D8R TR B 2 R L . STCO R IR EL
EMEE EIZERT DA BIEELLCD,

2. 2B

B FRIZPEG600, CuClo, NaCl&EIZ N % TH IR
T L. 0.05 mmol/g CuCly/PEGIAHX & 0.05/0.10 mmol/g
CuCly/NaCl/PEGYA K & TR U7z, eif LTz LD H T A
FERORNCHTAR U7 R a i T U, Wi 7 — 7 CHEE T
HZ LT FHEHOHN S 2 e 2B LT, /ERLL 7= 0
T AN EA—T UNTIE L, 144 - RIS LR B
(ARG V-670) THNEMZ L DR OWILA LT L
P e U7, BT 0 TR CAERR L 7= k112
DNWTIL, JEFEAREE(OLYMPUS BX50), L —4 —HHf%
(¥ —= A VK-X3000), SEMF & U'EDX(H /A
77 FlexSEM 1000 I1)% W CHEIZE L o &1T -7,

3. HBREER

0.05 mmol/g CuCl/PEG #&ii % 120~170 °C THIZA
5T LT D BB T AT e R T DA Ak
Z Rl L7=, CuCl/PEG &K% 140 °C T 63.5 WREfHNZEL
95 Z & THER LIk -® SEM 7 —# % Fig. 1 lZR
9, SEM Ei{&/n 5, BRI T-13—0734% 10 um FEE DK
& &C, IEMEEEIRTHD Z EAVHIAE LT, #kiro
EDX 7 —# % Fig. 2 {Z7R 7, EDX A7 MLt Cu &
Cl B'— 2 3B &, CuCl £ 721% CuCl DARLASRIR
STz, SCHRENZIN T, BEFEHA 7 T » 7 hs b KB E
12 & 0 IEME AR O CuCLRL 7235 5D 2 & B3
TR, #27RE& N7 CuCl ® SEM B L VEDX 57—
IO L —FK L7z, 2LV, CuCl/PEG
D 120~170°C MEMZ LV | CuCLRL T ERKT 5 Z &

Fig. 1 SEM image of light-opaque particles obtained by
heating 0.05 mmol/g CuCl/PEG at 140 °C for 63.5 h.

| EXCH

Cu

TPTRTTETTPTRPAIS W - .
R N

4 1 18

Fig. 2 EDX spectrum of light-opaque particles obtained by
heating 0.05 mmol/g CuClo/PEG at 140 °C for 63.5 h.

MRS N7,

—J5. 0.05/0.10 mmol/g CuClo/NaCl/PEG VA7 % NEL L
THIEMEEIZIRD CuCl ki F3ATHE T, b vz
HEAAREEIC T NaCl & & 2 b5 edidki 704k %

LT, ZOFEEMNS . NaCl (21 CuCl KifD ARk %
BT 22011355 Z EARR ST,

4. #E

CuCl/PEG IR & INEAT 5 & | IEMUm AR O CuCl
B3RS D 2 LA, SEM, EDX LY RSz,
—7J7, CuCly/NaCl/PEG ¥&iE Cld CuCl Bz 7 OHT HIE R &
9, RO VIZNaCl &5 2 bNDRT B4R LTz,

5. SEXH

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

[2] H. Hou, Y. Yao, S. Liu, J. Duan, Q. Liao, C. Yu, D. Li, Z.
Dai, Waste Management 2017, 65, 147—152.
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BFFT/RT—ILBETINA RDEHEFMAEDHESE
Fabrication of molecular nanoscale thermoelectric devices and
establishment of its evaluation method
BXEILZXILBXREVE S
OmNl BB R XA LA HE', £ BX /i FREEE XKL
Keio Univ. !, Ibaraki Univ.Z, CSRN, Keio Univ.}
°Kosuke Furukawa!, Mizuki Matsuzaka!, Takumi Ueda’,

Ryota Uesugi’, Takashi Komine?, and Hideo Kaiju'?

E-mail: kousuke 0618@keio.jp

AR, Rkt e /e tb 2 O FEBUC AT TEZNRREELERIEL « 731 AOBFNER ShTwn
5. g, BVEMELE L THEBK T CTh B 2,7-dioctyl[1]benzothieno[3,2-5][ 1 benzothiophene (C8-
BTBT)Z W5 Z & T, ERRY—_y 7 hBORRNRE SN, 2], £/, T/ EEE2ET
LEEMEITIE, BRI E D2 =y ZRBOERPRE SN TN DH[3,4]. —F, MW=

Tl EEo =y PEFIH Lc o7/ 85 OERICHE) LT2[5]. & 2 TR TIE Aw/Cs-
BTBT/Au 7/ #5 O/ERL L 3-, WOND, BVERMENIEEEOHEZH I E L

RS AT A FIZE nm 2> B3+ nm OREE T Au BIEARE L, 20 BICIRRESE T 5 2 2 BVE
& LTz, [FRUBRE =00 I U, AFEE 2170 glass/Au/glass (S-Au) 2 /R L 7=, S-Au O T LT
C8-BTBT # i LA Uikklta L FICE D Z & T, AuwCS-BTBT/Au 7/ &S A1ERI L 72, S-Au

D BRI X AR MR 1 ) B S (c-AFM) & W 7.

Fig. 1 {2 C8-BTBT {514 ™ S-Au (Au B 82 nm)IZH 1T 5 c-AFM £ %7759, Au = v VIZih»

R ERULE AW LZ. Fig 212 Au = v ¥ L C8-BTBT #RIZH T 2 RFTEIREL (V)
Btk omd. LV BMERIERIEE 2R L CWD Z EnD, Au = v Y EIZBWT C8-BTBT A3l
TETCWBZENbhotz. T/ BAERO - OB A#EEE L1720, Au/C8-BTBT/Au 7

%A%Wﬁb B 4 S EEAWTH VEGOBRTE AT 72, ZORR, WE L L&

(HRHLANB T 2 0 - H SR OIBFEERTFIE 2B L7, YRR CIX o E Clol/N CHEA HE
w7m1&f@ YT BEGOERICES LT & 7z, A2 AW CTARITE e 200N 72 B4 1w
% H % Auw/C8-BTBT/Au 7/ #6 DRIZ BH59. Fig. 312/ #EOBERMEIEE Y M7
v T ERT. TAAL AR T —F —IZEREME L CET Au EMEICIEEZZ 4
C &8, ZEEENICLVIREEZRET S, I OIZFEERS, B 4 S EICE 0 7314 ZDE
B L OERIEIZMET 5. 5EMellE HERS LORRICOWTGEESY B ICRET 5.

2+

-
T

c-AFM probe' O

| 216k 4 s CHy(CHy)sCHs
| O \ O
023 bal £4.36 0.5 0 05 Hjcmzc»;nzc’:si

Bias voltage (V) J

Current (nA)
. o

iy

N

Fig. 1 c-AFM image of the S-Au  Fig. 2 -V characteristics of the Fig. 3 Measurement setup for
coated with C8-BTBT thin films. polished Au edge coated with Seebeck effect in nanojunctions.
C8-BTBT thin films.

[1] H. Kojima et al., Mater. Chem. Front. 2, 1276 (2018). [2] M. Nakamura et al., Faraday Disc. 250, 361 (2023).
[3] C. M. Finch et al., Phys. Rev. B 79, 033405 (2009).  [4] L. D. Hicks et al., Phys. Rev. B 47, 12727 (1993).
[5] M. Matsuzaka et al., Nanoscale Adv. 4, 4739 (2022).
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MEMS il 2 FI A L 1= FIR BRI E B il DR 5t

Consideration of a Thin-Film Thermal Property Measurement Method Using
MEMS Technology
KEREREFHRA OB &F B Fh
Osaka Research Institute of Industrial Science and Technology  °Y. Yamada, Y. Kakehi
E-mail: yamada@orist.jp

XTI

Frfot e 22t O RBUT A TEAVERE BB ~OWFENEm E > T D, 2D,
HEERA B O BVRR I 2 458 I ZHE T D B 2RO 5T D, Lo L AR ORIEIZ BV T,
EWROEIRRE N, FHICBREROAEITE S TIERV, ZHE T, W DD FIEN
RENTODH, Wb w7 3 CEME R AT S LB R EOREDR B 5. ARFFETIE, A
BRIFFITNSNEWS F AT 7T DEEORHBZ G Uiz, EIEOBREZ e T 5 F
EIZOWTHRE LT THRE T 5,
ES S

VAL TINIEAT 7T LORIERE 72 DEE 1 um O Tax0s & A3y Z{E TR L 72,
ZO%, b—g =& RER LD PtE ANy ZIETRIBL, NA—=2 7 L, & DITHME S
GOWEE 2y ZIETRIE, NP —=0 7 Uk, Rk, BEErby ) aEiey Fr 7T
YV AarETyFr LI LRV EAT 7T AREE T D I L THIER -y OBV S A/
S< Ui, ERL7ZERE O BRE 5 H & I % Fig. 1 177,
FER

BURREORIEIR, b —F =IOV TITER,. EEZHET S Z & TRAEZ KD, REFHT
DUWTIEFEFNZ Pt OEFUREARE Z KO TRWCTHGUED IRE 2 HEE L7, Fig. 2 ([ZHEGE L |
b — & — L & PRI AR U 7R B IR EE 722 D RF b O I E RS Rl 2”3, B &S IE
NS W2 DREDOEL N FEAROEIITTBETE TWD Z L3905, BETIE, AR
BWHRIEC L DFR L EDE T, WERREZWET L TETH D,

R1)yMTa,0,D7%)

|-

FHEE (mW)

=—
1 Cuor Ni
0.3 im

mEE K

: 5 [\ /
= o
-4 -2 0 2 4 6
B ()
Fig. 1. A photograph and a schematic diagram Fig. 2. Example of measurement results.

of the fabricated sample.
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MIBZSUELMBRS BRTFHE (2025 BEARE XBF vV /IR &FUF1Y)

pn B SWCNT/A w L afBZRAVWEO 75T WVEEZET S

RERET

INA RDESL

Fabrication of wearable thermoelectric device using pn type SWCNT/mesh films

REABRET L, Ol KL,

% #hth

(10 A

Grad. Sch. Eng., Tokai Univ. !,

°Hiroto Nakayama', Takuya Amezawa', Masayuki Takashiri'

E-mail: SCAJMO035@tokai.ac.jp

1. %
TR X - THRET DRELHE 71X
e E R T RN =BT D 2 L]
RRZEMb, 7 ) —rpa ¥ —L& LTHE
HINTWD, JEATFZEIcisVC, f8 A i %
FFoA v v aMEHZ SWONT %27 ¢ v 7/ a—
T4 THIEICEY, p B SWCNT/ A v &
= L O n B SWONT/ A w3 = FERID S 2
I L TWD,
AWML TIE, p M E n BAZMAS DR Y =
T 7 7NN E AT D pn B SWONT/ A » & = i
ZRWTZEVERET NA A EER L Z 0t
S DR AT o7,

i

2. EBE
SWCNT % A vy alla—T 47350
B LT . a—T 4 7HITH S SWCNT 70k
(0.3~0.4 wt%, FLHETEMA SDBSHIZ A v ¥ =
MBI CHL PPS &7 4 v I 07 4y T a—
T4 7AW p B SWCNT/ A » & = T
SWCNT 73 #iEIZT 4 v Ta—=FT 473 %
IZE D ER L 72, n B SWCNT/ A » ¥ =2 il
X, p L SWCNT/ A v & = JBiZ, n
2z bic X0 ER U7z, BEfRmiciE, p Y
SWCNT/ A v ¥ = il n
Bo 1 SR i 151475 DODMAC 1.0 g & =4 J —)L

Bl R —/X

A 50 mL I B ESE- b0 &2 VRS E,

© 2025% ISRYEE R

B R—/R RHIE LT,

REMEA 1T 150 °C TEVAEE 24T\ n A~ & 251 E
7, D%, SWCNT/ A v ¥ = ORI
XD p~DEALEMZ D T-DIT, HEEAKA T
kDT vHFEa—T 4 T ETOI,
ERLL 7= p, n T SWCNT/ A » ¥ = % Fu
T, Fig.l O X ICHIHHE CELAR L 72 VS8
TNA AN LT, (E#%, Fig2 X951
IKVKIBIZEATE IR T T /3 A A B AT B )
PR & LT BRI 21T o 72,

AFRTIE, T OHOEBROFERITINA, 24
BIRET A ADISH I ORER 2B E 2 TH
KET D,

Fig.1 Image of device

Date rogger

\T\

Fig.2 Schematic Dlagram of the Experiment

3. BHEICHK
[1] K. Miura et. al. Coatings 14, 126, (2024).
[2] MR BEFRICHMELY22(2024)

09-072 9
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BXHRETHERLENEONT RO EBRBERET/NA A~DIEHA
Fabrication of N-type wet-spun CNT yarns and application for thermoelectric generators
HBABRL!, CM)ME £=H! B8R #!
Grad. Sch. Eng., Tokai Univ. !, °Keisuke Uchida', Masayuki Takashiri'
E-mail: SCAIJIM008@tokai.ac.jp

1. %5 3. ERFER - BER
CPS/IoT fEE DFBIT N, BT - Fig. 2 (\ZERL L7= CONT >k O ZVEFEAMhREE O H

FNAX—FNA ZAOQEEMWENBET R 2OFE ERERA TR, EEEE LT -y Z RO
Emil L CRER A~ SN 28 aERT [E)SHYLE L7 ONT SR (3 N RO BERME 2R~
AL F s &R ] R T BNVER ZS L Al 2 45 L7z, Z#UE DODMAC DO¥FFHEIZL > T, CNT
L7ebDHERZRO2OH D, RIZCETNEZONETDEB AU,

ZZ TR RETIREN —R T ) Fa— AFEFRTIX, BIZE L72 N AL CONT % & BEICBAR
7 (SWCNT) ZHW=7 Lx v 7 AMaH T A0 PEICNT A& LI BERET A A
% N CNT SR 2R AHRIETIERL, 2k DOIERTTIE & HIMHERBIZ DWW T H#ET 5,
BVERET NA ATSH LT,

-50

2. ERGE

1B DR RIEIK & 72 D CNT S iR O1E
#D7-%, CNT : ZEONNANO SG101, 4y iht
& U CRIETENEA] - DODMAC % L7z, fE
L 7243 BRI Sodium Alginate Z¥RIL, )

40 //o\.\./o\‘

=30 ¢

20 F

Seebeck coefficient (WV/K)

RS AETHEB LB v UA~F i . ] 4 5 p
. . P Number of t
L. CaCly KV ~E B4 LT, 20k, 5 JDer o et

BICHBELEXSFET Fig. 1 OLHITHY T Fig. 2 Secbeck coefficient of N-type CNT yarn.
LI TR S EI-f%, BB A T -7z,
4. BIFE

ABFEL A AL (R D SG-CNT I &
STETINE LT, ZOHEE0 THEL BIL
HL EFES,

5. 2E3CER
[1] Y. Amma et al. Sci. Rep. 12 (2022) 21603.

Fig. 1 Picture of CNT yarn drying.

© 20255 [CHMERES 09-073 9
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BASBBIEZHE I 5= REhOHEREFT
Performance Evaluation of a Liquid-separation structure type tertiary battery
HRBEX CREF B £E #%F 5% B BRF —B XE
Tokyo Univ. of Marine Sci. & Tech.

OR Nawano, T. Shibata, T. Ishizawa, I. Nagai, H. Ohnuki
E-mail: m244017@edu.kaiyodai.ac.jp

BREED D OIHI 72 =X N F — BRI F—CEWT 5 =R F— n—_ X ML, Fie
ARER TR X — R OBEICV B I E L TER SR TS, Hixid, =R F—n—2R
FEFEBRT LHO—2L LT, AROBEEKICEIVELREISND [=kEM) 2R2FELT
wéUMOE&%Mm\E@-ﬁW ZERLIR ST AL OIRERE o (= dVATD D 72 5 2 FEFEO T

AR B 2 AR P ICEE LR L o TR, T ZADREZE(LEZEBGEE T Ve (=
AmﬂwﬁMEEK%M@ﬁE%m\wﬂ-Eﬁ BB Do) BT 5, —H T, THET
A ST E T BRIEME Ol EMICITER SN B RIKOEELZE LTS, LirL, E
iR, A, BREE AR 2 AN ® DRk O R B E T, BARIE O IR LR By 1A
oD, WMHEHINTE T, L 2AN, IEFEOMIICEY | BEMOIEWE O, FHli3 25 EARIK
ORI LY B D2 R0y 3], ZITEMKOFE 2 R7E L TnD,

AWFFETIE, BRFEOTEEZADEM L, LV RER Ve B2 2 2 AL T, 2 FEHDE
fiF R % kG Ol LT iR B & A 5 T 2Bt v 2 v £ ORI 21T o 7o, IEMRIZI
FRVTAAF L EBTFA NG LT D300 Ty ¥ T —FEA(Co-PBA) &, AMRIZIX
VFOLAF BT AR AL T D= VT Iy v o 7 V—FEEANI-PBA) 2 V-, Efif
e LTid, AMANZAHER U 57 (5 mol/L), IEMRMIZAEEET b U &7 A(5 mol/L) & T i
L7z, IEAMOUIZNENa=+0.51 mV/K, a=-1.06 mV/K T -7z,

Fig.1 12, Bt L OB 1 7 VHERREEZ /R, &
YL OIREREIT FHRIER T 1.54 mV/K, FEIRIEBFE T 1.66
mV/K ZR L, ZNENOE ML FRINDMHEE= 1.57
mV/K)ZEWAERZ 1S, 2T, Co-PBA & Ni-PBA %
W0k D =R ERMOIREFRE(= 0.99 mV/K[4]) L Y
HLRERMETH D, EETIL, Bz L OV A 7 VEE
RHEREREOMRbERT D2 TETH D,

[1] T. Shibata et al., Appl. Phys. Express 11, 017101 (2018) Fig. 1. Thermal voltage (V)

E . 1 . 1
0 10000 20000
time (s)

against time in the first cycle

‘ N . o between the high (74=40 “C) and

[17a-p01-28]

[2] I. Takahara et al., ChemstrySelect 4, 8558 (2019)

[4] I. Nagai et al., Appl. Phys. Express 14, 094004 (2021)

© 2025%F [CRAYEER 09-074 9
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Si $E/HBRERIBEMICHT5% - REphEtRFHE
Light and Heat Excitation Response in Si-sensitized Thermal Cells
REBERBR, #xX<ttelleThermo? CM2)FEH KM !, BT #HF
Science Tokyo. !, elleThermo, Ltd.?2, °Taiga Nishii!, Sachiko Matsushita'-?

E-mail: matsushita.s.ab@m.titech.ac.jp

[WFFEHE 5]

Hh FIC BB ICEET AREPER oo A L X — 0 FNER A B E LT, kA, PEk
AR FI F EE it (Semiconductor-sensitized Thermal Cell, STC) D#fFFE% 7> T 5. STC i34
FHBAKGEMZIKICL T, EToNELHEICESIZ CHRET 2EMTH L. I
K1 Ge FEMAEE 7z STC TR TH o 7228, a7 v R ORED 5 120 DFEKICO N T
bIRHER 1T BERH 5. 22T, KGEE LT Ot I T3 Sidkic
HLU7%. SiPEAREMmZHVIERICIIABENRZZET 2LELEDH Y, STC DEINEERIC X 2
FEE IR Z 2R ER D B, AiFE Tl Si BRI B EMSI-STC) 2 ERLL, K - 2z
NEFNTOFREZEIHITOWTHEL /2.

[EBTR)

c-Si Bt (EFf) ,ITO (4 v 7 A F— 7L A X) B Gifik) |, Ks[Fe(CN)s]/ Ka[Fe(CN)e]
KB (BIAE) %H\WT STC D MERL % T o 72, EMEFE I IAbEERE 7 — 7 CEE L, &
FREFEAS, W7 — 7 ORI 4 W% ) a—vBlg el L7 HREEOEZRIc oW,
%EWQ?QT%%%(”i%I~X%ﬁ)®ﬁﬁK L BRAMFENEERTo 72, 7, BRI

ﬂ

DIEFBIC DWW TIE, BENOEERE(2S, 30, 40°C) TEXALFEHEIE 21T - 7-.

[t SR & F 5] 12

JeHE D5 (light) (ZIERSTRE (dark) @ ;g [
20 R DIHBRIMELBIL 2 E 2D, Si w8 | 00 7
VA IRERE FIT: STC ORAEtE IR E . & HVZd
f(Fig 1), SiBEkoCMEERNC X 2B 5 4 [ 0O
DGRV STC DFEMREICKZSFHF G LTS éo R
CraBLbND, EMBEREOSHIC LY § '
KE A 7200, BRI AL R AN 34 i « dark
LoV T RFERICTHET 3.

[Z7 3] -8-120 100 80 -60 -40 20 0
1. S. Matsushita, S. Sugawara, T. Isobe and A. Voltage / mV

Nakajima, ACS Appl. Energy Mater. 2 (1), 13-18
(2019).

Fig. 1 Light-dependent cyclic voltammogram
(Scan rate : 10 mV s) in Si-STC.

© 2025%F [CRAYEER 09-075 9
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IEFLEM OB IC X 2 SRR EF| R B OB BILDRA-
CuO@Fe;03F / F=2—7)HH

Synthesis of CuO@Fe.0s; Nanotubes for High-Efficiency Semiconductor-Sensitized

Fom
;5138&“ Thermal Cell Enabled by a Hole-Electron Separation Layer
s Science Tokyo', (#£) elleThermo> CPOF% BelE ! AT FEF 12
Science Tokyo!, elleThermo, Ltd.%, °(DC)Xiaoyan Sun!, Sachiko Matsushita??
E-mail: sun.x.0al4@m.isct.ac.jp
1. ¥5

Fox I TRIREA A EEEE RIS AT AR, R BB R FE (Semiconductor-sensitized Thermal
Cell, STC) #WF7EL TV HUL STC IXaF R KB Z ~N—X 2 LTE Y, Bk Sh/-E 1 ORLE
TERISIZ X > THET D (Fig. 1), STC 1% TEIERR] X HKE] REDa2=—7 A HLZ TEBY .,
IRIRZAT 2L — DR I T T e rlRetE 2 Rt 5, L LB LWEINTH Y | MR TOE 7K
IS AT TR, ARBFFETIE, PEREBMICA~T & 28 AT 5 2 L CIEALE ol RtE %

V. FEED
B, FEEDROR EEBHfELE, CuO@Fe,0,
2. FEBk Nanotube | 8 |
oy Cu?+(Ox)

ABFFE T, KA REE AV, Cu EHR EiZ Cu0o 7 F

Lattice Thermal FTO
2= 7 DERERESE, WICEDERLIC Fe0:% KK Vibrations & x Ered _solid _

electrolytes

52 & TURALEM O HEE & 72 D CuO@Fe:057 ) F 2 —7 . A o
. R Ee — Thermal—
ZEB LT, CuO@Fe:0sF/ F2—7 % AT 5 Cu Hti i~ F XCHAtion = - Cu'*(Red)
—Z7FNE LTHAL, CuCl/CuCL@PEG600 FEffiE T CV ‘ =
h+ o
PERK ¥ U 7 IREFM e EOBESLFREZIT- 70, 7V FTO/Cu

\ i} \ Plat
Er7u—7 (FAC-2, FIRFEES) (2L BHED 7 =L 3 8 ate

(ZIE & Mott-Schottky YT & Al &R T, /3 FHEG & 3F Semiconductor-sensitized thermal cell introduced
A BT LTz, Fz, FTO X EMZTY (T EMAL L7 CuO@Fe203 nanotubes as a hole-electron separation
. FEBIEREOTATT -7, faver
3. FAERBLOEE

TEM BIZOFER, CuO F / F 2 — 7 O EK LIRS 10 nm D Fe0s/37 &
—MNEHEER L TNDZ ERMER SN (Fig. 2), CuO F/ F a—T DO ER
173 10 53 TH D50 FTld, BN ERME L RIERR ) 2R Uiz, B
5 0.126 cm’ IZFB W\ T, 40°C T, BHEEBIE 0.58 V B X OVEMKEIE 4.24 pA O
BRFIED R S A7z, S HIT, 20 nA EBIRIE—4 h BIELENEC X 2 3¢
DFER 120 BILLEDO YA 7 /AW TIEIERENHERF S D 2 L 2 MR L7z,
LD S FREERRATRE RIS & | B DN RALEDITHE L, BUBhiELE
/Y RERC AR irv W RE] 123 R o B

Fig. 1 Schematic image of the

200nm
Fig. 2 TEM image of
CuO@Fe203 nanotube.

[1] Kohata, H.; Mei, B.; Wang, Y.; Mizukoshi, K.; Isobe, T.; Nakajima, A.; Matsushita, S. Electrolyte Thickness
Dependence upon Ge-Sensitized Thermal Cells. Energy Fuels 2022, 36 (18), 11619-11626.

© 20255 [CHMEES 09-076
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PVDF-HFP E{xERE %= AL - Ge ImBRERF AER

Ge-Sensitized Thermal Cell with PYDF-HFP Solid Electrolyte
Science Tokyo #1E ', (#)elleThermo2 ©OM) B H# ', T #H#F 12
Science Tokyo!, elleThermo, Ltd.%, °Yuki Ozaki', Sachiko Matsushita'-?
E-mail: matsushita.s.ab.@m.titech.ac.jp

1. ELs

B PRI T ZAFI F EE it (Semiconductor-sensitized thermal cells ; STC) 1%, ARIEEAKGEMICE
J 3 ERDNNEE R, FEERORMEICE E 2B TH D L FICEERIC Ge . EMEICHK
RV ZFL V7)) a—LEZHOZRTOREFILETONT VS, L LA SRIKEREILEMR
E DEMHEDZL L LT WA R VR K CEREIRAE ICHEREDMKF 372 2 L A3 & 7 o T B 23,
Z ZCARIFFETlX. PVDF-HFP (R V(7 vt =Y 7 Vco-~F ¥ 7141 7 m v L V)& vz FEiR
{597 T fi#'H (Solid Polymer Electrolyte ; SPE)Z {E#L L . STC ~®EH Z &t L 72,

S

2. 5k
PVDF-HFP, NMP(N- X F1-2-v'u ) Fv) | PEGDME (FY(=FL v 7 ) a—n) Y XA F Lz —
7 ), NaCl, CuCl, CuCl, % 50°CTCH# L., 80°CTH X ¥ TH lem ADOBEMEEL157-, Th%
1D X517 vH#R N —THACAXFTO) NI, n-Si/Ge {EFMRCHEA 722 v % AT, BAULAEH
ExRTR o720 2D & EBIRENCIIEMRE L DRl 2 [ 72050 um FZEDOH T AL —XHEEL 72,
3. MR
LI/ 72 e v OB & RERTEN 29 4 2V v 2" 2 v X b Y — (CV) DR EZRT,
TSR L, BIMERMEABE TH 2T &5, 40°Ch 5 90°CO ST SPE % H\vw» T D FE # i
ACTEZ, T, FEERMEOT L=y A7 0y LMLz AL 2R L, BEOR L
KHETH B Z L MR I NI,

0.09 ‘
T —40°C —50°C
n-Si/Ge electrode S —60°C —70°C
SPE = 0.06 60°C 70°C
t
_ﬁ/ 5 0.03
5 0
50 o
FTO electrode \ glagsrgjads 003 0.6 0

0.4 -0.2
Voltage [V]
B 2. \EMEFNE CV (FHRF).

X 1. BRI L 72 STC LD,

4. ZHEHR

(1) Kohata, H.; et al., Energy Fuels 2022, 36 (19), 11619-11626.
(2) Chen, K.; et al., Energy Conv. Manag. 2025, 331, 119678.
(3) Chai, Y.; et al., Polymers. 2024, 16 (12), 1732.

(4) Yuta, N.; et al. ACS Electrochem. 2025, published online.
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$586[O IS AL

Ge BRABF| AR EIZHIT 5 PEG1540 3

SUELMHES HETHE (2025 AR RAFvV/IR &FVS5(Y)

REMENOA F I8 L REZE)

Ion Diffusion and Power Generation Behavior in PEG1540-Based Electrolytes for
Ge-Sensitized Thermal Cells

1. #%

FHRBZARBE!, (BR)elleThermo?

S A,

BT T 12

Science Tokyo !, elleThermo, Ltd. %, °Yuta Nakamura', Sachiko Matsushita'

E-mail: matsushita.s.ab@m.titech.ac.jp

i)

Z TP E R4~ AR
DA T DN, AR EIC S

LD L DOTIEn L e

FUZFI| F 7B Hi(Semiconductor-Sensitized Thermal Cell, STC) D HFFERH %8 12 HY
T2 EFONHERICA A T, B O BEhE 2RI U EME Ol bR T
KIS % Z9 STC TiX, AU =F L7 ) 22—/ (PEG)1540 BEAEME COREBENRES L TNBE,
B PE AR ORI
EEERVEMREZRE

—J7. A%

ERREND ZEbH D, £ I THEREMBM D IR T
SHETHESE L EOREOKRTFZHA L, FEEMEOMIITERY AT,

2. EBRHE n-SilGe
AW, fERRIC n-Si/Ge, XHBIZ FTO H7 A & iz, n- ;' :\;Zlélr?ting tape

Si/Ge % n-Si 7 =~ EIZ Ge % 2 pm K4 L72APEC, 10 4> [ H0 EITecc)tronte

Kz B L 15 M0 7 v BRIAE %21 T > 72, FTO 1% 10 43  Fig. 1.  Schematic diagram of the

B ) TSRS R T o7, MEMICE S 114 um g7 used cell.

— 7% 2DICHE D (T 25, RN Ar BIHR T a—7 Ry 7 A(GBITEA LT, EfFHIZFERED GB N

TIYE#L L7z, PEG1540 1 g {Z%f L C, CuCl 0.25 mmol/g, CuCl20.25 mmol/g, NaCl 0.6 mmol/g DE|5 Tik

ALll-b

D% 80°CT 1 BaiEFRE L7=(ele_0.25), 241 & RO T T, PEG1540 NIZ NaCl D&Mz 7= O b HE LT (ele_0),

=7,

BT

FTO %

TEIRIRIL ele 0.25 2V, Ge fHI7E

%2, FEM LI 1.5 pL OBAKZTE T L(EB/EMIROBEMAER 1.3 cm?), A v ¥ =2 & BGA AT (Fig. 1),
BRI IL ele_0,ele_0.25 TNENETM F L= b D& L7z, ele 0 TR
L7zt % cell 0. ele 025 TER L&/ % cell 025 & L7z, ThbHaRKKP=EET,

2RV A 7Y TR

B2 A N Y —IT kO R R ST L7z, 0415
5. gim g f:_. o1 k cell_0
BELDHA 7Y v I BAK YA Y —(CV)DRERD B § o0s f cell0.25
EREARIKIC Cu A 4> % &1 cell 025 1M L LCRET S ".[}5 oa 0% 02 01
B—F. cell 0 TIEFEBEMHER S AT LA SR> o Voltage / V
Fo(Fig. 20, £~ cell 025 OIHCEEIXBL ORME L Ui Fig.2. Cyclic voltammograms (10 mV/s)

o L7=2, X 5T, PEGI540 EHAEME
7= STC |

BEN7-, 2B, CuCl F721% CuCh DHEEF R WEME 2 AW T-fEEIC

& Ge Efpa MW

B 53 EIL. Ge ® PEG1540 ~DHfiE Tlde<

L Z DN

at room temperature. Red and black lines
are without and with Cu ions.

BIEA A OBLETICE AL DTH D Z EHUR

DWTIIRRICTHMAZ WS T 2,

© 2025%F [SAMEZS

1) S. Matsushita, et al., J. Mater. Chem. 4, 2019, 7, 18249.
2) Y. Nakamura, et al., ACS Electrochemistry, 2025, published online.
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Ag.S IERBBEBRFIAEMICETEHE - REHOEE

Effects of light and heat irradiation on Ag:S-sensitized thermal cells
EEHEPEXRE!, (K elleThermo? OMLIFXK f#st ! #MT #F 12
Science Tokyo. !, elleThermo, Ltd. 2, °(M1)Kento Sunaga', Sachiko Matsushita'*?

E-mail: matsushita.s.ab@m.titech.ac.jp

[#65] Fex (ZHIRREE T CHRET 2 B H A B FH 7 HL(Semiconductor-sensitized Thermal
Cell, STC)DHIFEIZELY # A TV D, STC (T EFRIEEIAKIGE M OJFHIZ SN TR D | T kY
BAERNE T DA Z B Lo TR A AICE X i x TRET 2E M TH 50, BIED
FIX Ge ZEH L-ET LV THD, L L Ge lXEOEBIEMITIEE S, 22l AFETFE B[R
BNBE Ge lKIFT 5 2 & OIERVEDRE £ - T\ 5, T 2 TABSE TIARTENE TR HBBERK
BB S L COMMAIEDH 5 Ag:S % Ge ITfb 28k L L THWTHIEETT- 7=,

[ EBRITIE] FTO FEMIT TiO»(P25)~— A b & 8347 « Hoffe U CERL L 7= FEi % 0.1 MAgNOs /K / =
Z ) —)VERIR(viv = 9:D)NITIRIE L, SR E RT3 2 & ¢, TiO, RIC Ag M L7-, Hoh
7o FoM % 0.02 M Bt N-N ¥ A FILR L AT I REERR~ 8 hiZ{E L Ag Diifb Z470 ), 100C T 12 h
BEZEWE L, AgS B A -0, BRORSMEE

XRD BIEICL Y AE L, ApS ERmEEE - o

776 mm O AL THID D, HETI6 mmd 212 - o E
R FEIES 144 pm DT —F £ 244 517 o1 3
—E L REWRECHR L, PUASy 2 BT fos ooe ©
7 FTO MM 0 S = & CUAAER LY, B 2o o0t §

o
=)
(=]

fREICIZ S mM 7 =&, 0.4 M LiICIOs ¥ A F nesting X heating X heating O heating O
IV ZOVIR v RYE & VO T2, flight X flight O jight O /light X

KELVTHA 7Y w7 HRLVE A RY— (CV)
HE (AFy o L—F:20mV/s) MV, L0
IREEBREE (FEMNBAES KOV 90°CHNEY) 6 L UVEERER

(EMRS B LODERED) O A DRI L BRI FARIEDOZE L 2 30 L=,

[ & E22] (R U7 EAMA BT AgS & TiO DIEENHER S T-, CV RIEN S sz
FEAGEE VT & BRI E OFIBI & Fig. 1 129, FENNER - JERUR OG5 0.64 pA OREERL L 0.16 V
DRMEBEZFTZ, S OITIE - SRR OYE . 1.45 pA OFKSEIE & 0.14 V OBKRELE %15
oo MNEMZ X0 BN AT ORDSHEIN U722k SRR L, B BB 5857 =
VI ERLOFIE B Le 2 & THRAGEEMEAED Lz & EF 2 bin, BV REER & BRAGE
JEIZ B2 % B D " STz,

[1] S. Matsushita, et al., J. Mater. Chem. A (2019) 7, 18249.

Fig. 1 Short-circuit current and open-circuit voltage

under light and heat irradiation.

[2] Y. Inagawa, et al., J. Phys. Chem. C (2019) 123, 12135-12141.
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Synthesis of P(EGMEA3-g-ENR1) by UV-photopolymerization and investigation of the
effect of different photoinitiator concentrations
Gifu Univ. !, Kebangsaan Malaysia Univ. > (D2) Bai YanRong ', KaiLing Chai 2, Mutsuhiro Shima !,
Keisuke Yamada !, Lee Tian Khoon 2

E-mail: bai.yanrong.il@s.gifu-u.ac.jp

This study presents the synthesis of a novel graft polymer material through UV-induced
photopolymerization of epoxidized natural rubber (ENR) with ethylene glycol methyl ether acrylate
(EGMEA), using 2,2-Dimethoxy-2-phenylacetophenone (DMPA) as a photoinitiator. The focus lies in
developing a high-performance polymer matrix with tunable properties for potential use in energy storage
applications, such as polymeric binders or electrolytes. By systematically varying the DMPA concentration,
the photografting process was optimized to balance reaction kinetics, grafting efficiency, and structural
uniformity. As shown in Figure 1 and Figure 2, In situ Raman spectroscopy enabled real-time monitoring of
the reaction, revealing the influence of initiator content on the progression and completion of grafting [,
Complementary infrared (IR) spectroscopy confirmed the formation of grafted structures, indicating
successful integration of methacrylate units into the ENR backbone [?I. The study highlights the critical role
of photoinitiator dosage: insufficient or excessive DMPA adversely affects polymerization, either through
incomplete grafting, light absorption competition, or residual content. The optimized synthesis route yields
a new class of UV-curable elastomeric materials with improved efficiency, reduced processing time, and
enhanced compatibility for battery-related applications. This work provides a promising pathway for the
development of functional polymer systems with tailored performance via light-driven synthesis

techniques.
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Figure 1 Figure 2
Figure 1. Effect of DMPA Concentration on C=C Conversion during UV Curing Process
Figure 2. (2) 3D Raman spectra of 0.5 wt.% DMPA and the corresponding intensity ratio of the C=C (1666 cm™) to CHs
(1638 cm™) bands as a function of reaction time (b) 3D Raman spectra of 3.0 wt.% DMPA and the corresponding
intensity ratio of the C=C (1666 cm™) to CHs (1638 cm™") bands as a function of reaction time
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Role of transition metal elements in lithium-rich layered oxide cathodes
and the battery performance
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Li;MnO;-LiMeO, (Me = Ni, Co, Mn) Tilif S415 Li WIREKEEEY (Li-rich layered oxides,
LLO) %, 250 mAh/g DL EOFMEREZRT Z END, IO U F 7 A A 4 ZIREMIERHRD
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B R rE A RO MEICHT DB ERT, KD Me lB% A3 % Nirich LLO & (3%

BJ1Z. Co, Mn-rich LLO TIZFEEIZLED Me J& & 100 | ;
Li & & ORI OEBE BB MR S 7, Nirich ot 1T | . N

LLO ClEBHeRTHED Li H~0BI RS )

94

Occupancy fraction [%]

B, BREEZSD L EOBESLRTEAR L B A ] =y

L. H4978 Li A A BUERSE B L2 25 M

N5, 7o Bk Tt ARSI 5 Mnerich LLO o | = |
BEOWEBEY 20 [T Li B oMk T o m e w w

YA M2 AT EBRSRICHEN/HEM LT, Fig. 1 % LLO OFMEIC L 5 EBERE EEH

[1]S. Hiroi et al., Small 18(42), 2203412 (2022). KOLAL,

© 20254 [EAMEER 09-081 9



9a-P04-32 BREESAMELAKELITHES HETFHE (2025 AL REFr /(R &FVFAY)

TCREHIC X 3ZrTes D Lifshitz EF51RE O

Control of the Lifshitz transition temperature in ZrTeg
by Elemental substitution
FREASEET,OHJI MM AR 5N
Tokyo Univ. of Sci, ©Kosei Nakagawa, Ryoto Yanagisawa, Nobuaki Miyakawa
E-mail: 8425521 @ed.tus.ac.jp

B HWW) BEESEA AL 37 F 4 FirTes lTFHUA 72 BAIKPIR O IR EK A2 R T,
Z OO ¥ — 7 B (BB NG ICR T 2 L E 2 b Tnwizs, ARSI
B OHEDMER R SALFERET Vv Dy 7 T X 3 7 =4 2 HOTRZ AL (Lifshitz
) ICHKT 2 2 S 27 o 72 [1]e —J7 TR, ZrTes D835+ O Bk et 1 SR
EOHERH L ePHMONE X518, Fl 2 D TR E RBERIEGT - AL v R F )
BRI TH S, L L s oGicid 2 BEAARE RELREIRD v — 27 iR
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topological nature in ZrTe5." Nature communications 8.1 (2017): 15512.
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Fabrication of ZnO multilayer inverse opal structure and
evaluation of optical properties
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1. F@
BBt 7aeRICEYEF LZaaA FiERESHRICAWEA /S — L&, BN
T/ BEICHEELBEORFNMEAE L, TOBEY A XICL Y ORI ATEETH B [1].
INFTHEAIZBER 200 nm ORY XF L oPS)RzBW-EHEINA MERaHRe LT B
& ZnO FF /XN — BB AR L, 2D UV ARHEBRENERL Y S< A2 2 cBloNICLE
[2]. AARTIEIE R ZBHEBEOR LA BIEL, PS kBI04 FERAFHRICHAW-ZEY
FR—IBEDFRZRA, BE, ERAR OB EIT 7.
2. EBRAE
BE1% 200 nm @ PS EROBECEZA W, BE IO 4 MR Sio, AR _E 2 650 rpm 60 s A £ 2
— METERL. ZBa04 FERIE SiOEREISHTHE, o<W EBRREERIED
ETHM L7z, ZnO OEEIE Y/ LT IIVEZR Wz, BULEBIZ KRR TERN S 500 *CE THME
L7, 1| B5fEliERr L, ZnO DFERIL & PSERDBREZ RIKFICIT o 7. RHEFEFITEF/X—LE
BEICAZRNTYRIZRAWTEZ ANy 2L, ¥v v 7B BEZTK L. AREAEIIBES
L V370 nm DEHT, ERTIT-> 7.
3. EERER
Fig.1(a)IC BB A /¢ — )LEERE, Fig.1(b)
ICZ YA /N—ILIBED SEM BrZRY
ZRY A XILEELH) 180 nim TH Y, %
B 19 110 nm T& > 7=. Fig.2 B D I-
V BERER%Z Y. ON/OFF h'Z BHEET

F1g 1 SEM images of ZnO inverse opal

£ 1.58x10°Td V), EEMISIEL 1.05X10° (a) monolayer(2D) and
Rl ZEBEICT S EILY, (b) multilayer(3D)
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Fig.2 I-V characteristics and ON/OFF ratio of
ZnO inverse opal
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