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Towards Sustainable Growth of Leading—edge Semiconductor Industry
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[16p-A24-6] Challenges in Advanced Semiconductor Industry: Technology,
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The increasing demand for data-centric products and services necessitates innovation
across the entire semiconductor technology stack. This talk will discuss recent
breakthroughs in semiconductor, including device, material, 3D-IC, and design-technology
co-optimization (DTCO). However, challenges in technology, design, testing for advanced
semiconductor continuous raise. Moreover, to further propel technological advancement,
it is imperative to address the global talent shortage in the semiconductor industry
through collaboration between industry and academia to incubate new talent.
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T4 RV RF¥ vy AEEYHERTDH 2 SiC K. GaN &, 7ERD Si IR TERELR D7 —
TNA R RBITE S Z T, HHBEREPLICEIPHEATHS, L L, HRrRiErEIh
TEBD, SiZZDFEFEZMIIICELRVIRNTD %, (LEVFEERLTHVEZ XY » M. &
HEMEL B9 4 XML TH 200, EEEETIZY — I, 4 XD [1]. /ML
TREFIHEROEKTNESENAMEL 722 2], 20 & 5 RBFEORIEZIH - =W ED 5 3
— BT, TASMBOFEAE OB L THEW RSN EETH 2, ARETIE. A SIC
R, GaN 2832 ETEERY — b F I 4 TWBET 2 EMi2 BN T 5,

B 1, Bto SiC# T, 3MHE-X—HIPM TH %, SiC-
MOSFET6 127 — b+ F 7 A N—=%4E# L7z 52 x 31 mm D%y
T—=IT, TARZ )= R T —ITHELZHED 13 TD
LS RIARTRETH %, HIZ, Si-IGBT ZE#k L 72D DI
2EDERAED S0A £TD SIC F v TR EHAEETH D, [F—E
HTIRIR2UTOELEEHLTWS, —H T, 7 — MBI
E2 NF2 TR v F v 7HBELED, Hig 2 BRIKRE AT
BETH B0, BEDAAL v F V7ROV —IHHEE 5,

X 2 1% SiC-IPM D 2 A v F > ZIEE %R RS, S00A/ usec FREED A A4 v F > 7 E T 600V, 50A
® ON K& Uf, OFF DFERTH %, K. XRHET L REI N2 KEDHEFITIEE 10A T 30MHz F2
DY —=INAH LN, MKREREINTREDBEIIEZY —IDEL, RL—ARAL v F ¥
THMERTE D, AR IE, BV 2a—VHNDA VX7 R R EREICLIFERTH D, B
BN UGB8R OB — O 2 HET LI 2R LTV 5,

X 1: SiC-IPM

70 1400 70 saxr 1400
o ?},&E'J
60 1200 60 |14 HE - 1200

1000 50 R 1000
800 40 ﬁ 800

50
40

= S " vd =
i(, 30 600 = % 30 MR mmsa——— 500 =
20 400 = = 20 \ 400 ~
10 200 10 200
\
0 0 0 pom— N Am——— ()
-10 -200 -10 -200
300 400 500 600 100 500 600 700
Time (nsec) Time (nsec)
(a) ON KT (b) OFF {5
2: SiCIPM A A v F > 7%
v
BE

[1] A.Yao, M.Okamoto, et.al., IEICE Electronics Express, advpub. 144, issue 3, pp.18.20210234, 2021.
[2] K.Yao, N.Iwamuro, /EEJ Transactions on Electronics, Information and Systems, vol. 144, issue 3,

pp. 204-211, 2024.

© 2024%F [SRYEE S 100000001-098 NT2



tty3zy

2024F E35EISAMEFZEUFZNHEER

[ PYROYL | PRSI LOBESE) : [—HOE) BT 3HADER/T—$E7F |

[17p-A41-1~9] [—#&23F8] ERI9 3 BA DS/ — Wik

[17p-A41-1]
SROFERHELICOWNT

Ok R (1R FEEY BHEBERECER BREEE 71\ X - FHEHIEE)

[17p-A41-2]
O—LDEDHETTA0 RN RE¥ vy THER
OE%)Il 24’ (1.0—L)

[17p-A41-3]
INT —F N1 ZDEL SR DENE

Ol FEE' (1.=ESBHGEE))

[17p-A41-4]
BENIEA/NNT —FERDEL & HEEIR
OERE LM (1.2514XF7o./0°—2X)

[17p-A41-5]
) AV INT—F N1 ZDOFEMTEA
O 51 (1. KIS

[17p-A41-6]
SIC/NT —HE(XDIRK 5% DER
O™ RET (1.FEHH)

[17p-A41-7]
GaNNT—F N1 RADIRREESEBDOEH

OZEE E'2(1.8ARI. 2.4KFKH)

[17p-A41-8]
WBGHEKICLBZ/NT I L BRILKERE

OBT 6" (1.EFAKX)

[17p-A41-9]
sO—-ovy

OHEF RE"? (1. ELEMHBEMEM. 2.58ENT—LEESHE HBHER)




17p-A41-2 $ESEIGAMEL AUELMHES BETHE (2024 KRAVLEN2RIBEA VS 1Y)

A—LARYBL T A K/ KXy v THERK
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E-mail: seiya.kitagawa@mnf.rohm.co.jp

AR RN RERIZIEN 2 TND T A RNV Ry oy 7EER (R0 38 K) 7203, B A
VN=BROFEMEIL LD, EEMZRSCA T T, HAEET LY — FEMA/NE AC TX T
Z—7p . HHLWLFHTHLRENEE > TN D,
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Fig.1 Performance Radar Chart of SiC, GaN and Si semiconductor
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Progress of Power Devices and Development Trends of Their Applications
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Mitsubishi Electric Corporation, Kazuyasu Nishikawa

E-mail: Nishikawa.Kazuyasu@dr.MitsubishiElectric.co.jp
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B, IR0/ BEALSIE L, BIE, IGBT ISR O E ST 31 A>T D,
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& SBD % — {1k L7z SBD Wi MOSFET2]NEM{L Z TV 5, SiC € ¥ = —/UE, FED
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R EHAT L — R L, $0E Y AT LA 2R TOREEEIMLE 30%8) & A > 73—
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— B EM E OBFENRE L. BFEORIRELE Y AT A & B AR N S WE G
AT LELTHERINTWDA, EHERGORBRIE AT L0/NUERRETH S, FK
JEEFRECEE > AT AANTHC SiC 2 L7- DC ~ /L FEE T AT L[6] % BH%E L. Wk E fiiE %k
45%TR, 1A5FE 20%78, T 36%IMDEIHR & & b2, IRELEIC S AR LS 20%I8 4 R LT,

AL, NU—T AL ABL OISR c AT LD EHEL, h—Rr=a— I 1HE
Bl B2 AEIEOWNIZERR L T <
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[1] =#EH=a—XV U —X M H OEREAEE LR L7 b LT SiC-MOSFET % il %
(2019 49 H 30 H).

[2] A. Tijima et. al., “Improved Short Circuit Ruggedness by Optimization of Sidewall P-type Pillar Ratio
for Trench SiC-MOSFET Fabricated by Multiple Tilted Ion Implantation into Trench Sidewalls”, Proc.
ISPSD2023, pp.238-241 (2023),

K. Kawahara et. al., “Comparison of Surge Current Capability of SBD-Embedded SiC MOSFETs and
Conventional SiC MOSFETs”, Proc. ICSCRM2023 (2023).

[3] ZEEHK =2 —RA Y U —2 : /7L SiC DIPIPM] REiEOBH SH (2016 48 A 17 H).
[4] —ZEFEH == —A VU U—2R : ISBD WK SiC MOSFET & =—/\] ¥ 7 L4345 (2023
F5H 8 H).

[5] ZEEMH = — A Y U —2R : 7))L SiC NU—FY 2 — /Ll S0E i A o — & 3 4 il
snfl (2013 4F 12 H 25 ).

[6] B2 —R) U —R  ¥EREE 7 7 AOEMNRE N EHZFERT S IDC v~ /VFEEY
AT | wRA%E (2022 4F 11 A 17 H).
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Evolution and Development Trends of Power Semiconductor for Electric Vehicles
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MIRISE Technologies Corporation, °Hirokazu Fujiwara

E-mail: hirokazu.fujiwara.j3g@mirise-techs.com

W, FaF T N—TTEI—R Y =a2— b7 VOERKIZIAIT T BEV(Battery Electric Vehicle)
<> HEV/(Hybrid Electric Vehicle), PHEV(Plug-in Hybrid Electric Vehicle), FCEV(Fuel Cell Electric
Vehicle) & W o 72 BENHE OB A HED LTS, 2L TOEBHFEIZBWCEEE N CRER
AR CHEE, WHT 587 —EEERANLNTREY . 2o U B ROMREN BT HOE
o b=y bR EICRE REEE 52 5, KRR TIXEBEHA O/ T — 8 K03 2
FTEDLHIITHAL L, BUEE D LD REAFRDED LTV DT OWTREITT 5,

EEVHEOBEE— Z HIEHH A = ZIZBWT, A1 3y 7 U D 200V~800V F&E D &
TT. kW 25805 kW ORENHE— 2 26T 2720, U —ERIITEE A OB
HARDBND, 1997 FOHRT Y 7 ZADORRNLBIEIZED T, v U 2 (S RT — P8k
D—D>TH DHHFIF— N XA R—F v T P A HZ(IGBT, Insulated Gate Bipolar Transistor) 73 3=(Z
AnsitTng, P 720 Si-IGBT 1, 'L —F 47— MEETH Y . oR I A
DIREE T E2TF v FICHR L, AL v F U ZHEREOUGED 12D~ Y 7 A (He) U T 2 £ H
T 570 EOR#ME LD, ZOA L N—=FITITIGBT LIRS A A — RRZREHE#RH STz,
BAEHR S TWAERFO 57U o 2 ¢lE, Si-iimER IGBT(RC-IGBT, Reverse Conducting
IGBT) 2 HWHATWD, ZDRC-IGBT i%, Mo F o7 — MEEIZL > TEREEZSS LTH
V. IGBT L&A A A4 — ROMEEEFF o7 (IGBT L ¥ A A — RRnUFyFfbEhTnbhi-
W), FFERENNMULShTWD,

B H ORI D =R L LT Y v =3 RSIC)/ ST — 8 AN S TV D
SiC OHEfFIFEEEFUL SI O 10 fFIEEEHNWZDICHEFOES 2 #L TEX S L0ikhid FF5 2 &
MWA[EEL 72D, 7. SIC T, IGBT LV LRV A U EBEE LH TE 28 B L8R E R %)
B hZ A X (MOSFET, Metal Oxide Semiconductor Field Effect Transistor) 23 A% ST\ 5, £
D=8, BENEIZ SIC-MOSFET # % Z & T, Si-IGBT L VKDL L OVEHR O &%
5HZEMNTEDH,2015 FI2H AU HEV 1281 5 SiIC-MOSFET @ NEDO SEGiEFER % 28 v 12,2023
FEIZITHT BEV Lexus RZ IZBWT, U 7 E—FBREIHA > /3—X(Z SiC-MOSFET Z#8:H L. &
it mEHRTDAL v F  ZIZBWTHRA VB E GEFEMEZ WL TWD, £z, A v F
> 7% Si HCK 3 fEICEEIb TS 2 & TEIEEREN 100K L, 1 FyTHiev oHii%E 2.8
fFiZm ELTW5, A%, 3 SIC Y — RO A EEAIZM T T, SiC-MOSFET OPERER
Rl ax MERL, Ny =Y TORHIMERR EIEA o F 7 2 oAkl EL SIC ORT v x L
ol E TR IIEETH D,
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Technology Trends on Silicon Power Devices
AKXEHR OBFE B
Kyushu Univ., °Wataru Saito

E-mail: wataru3.saito@riam.kyushu-u.ac.jp

A=Ay =a— 7 MZET T, EHOAMFINTEZEHEAO—>THY , £ IIHEH DY

T—F N A ZQEEHLEEVFT TN D, ZORIRIEND, NT—F /A ZDO TG
IO TR Y . SH%OME LT ER TRISIL TS, SIERGINREDT A RNV R¥y v
PAERNT —TF A ZAREREES I, EOTGBITRBICHEE L2, TiHE HE02HE&ITkN
T, YV Ay nNU—=F S 200 FREE DRPUITE->TE 5T, 2030 Fl2HBW\TH 80%LL
WYY AN —=F N RALRD LR TFHISATND,

NRU—T L7 hr=J ADHEL LT, VAT LOENNY—FERFTOND D, RT—F
NA ZAOERARBUC E 0 . WHEM NS <D LT, NU—=F AL 2O0mEmEIEICL Y
ESAL NS <D 2 LT VAT AR/ NI, NY —BENIMLTE L, DFEY,
XU —F A ZOGERI R MERER FIC XD RN — L7 hr =7 ZSHORBICERLL TE 72,
ZLT, YU arRU—7 " ZOMRER LICKRESBIRL TEon et AHITORETH
Do BV « AEY T/ ZATHIE S NIWHM CERZEHT2 2T FLorFr— R
ZOMMERED LI TET, MZ T, NT—=T A AFEOT v 2L LT, 7= ik
RBE F—E 7, XXX AR ERNR E B INTE T,

BE D HT DTG ERICHHET 272012, 7 =/ A% 200mmgn> 5 300mmg~ L5 2 & T,
APERNPERINTND, BY Y7 « AFVTNAL RTHRD & NT =T, ATERIN
HIMLSHEFZRENWZD, U ar RU—=F " 2085ET A AZBWT, 7= KRARKIZX
D/ NN HEDO B2 AT, ZAUEEA Y v FTIEZRY, L L, 300mmglliE 7 1 2T
B TEAIELEAL—T Y b, WEEBIIKERT » 7 ThH D/ \U —T /3 AO®FEIC
BWT, RERRGERD, V) ar U= ZOMERRITHGRIRFESE 225 5720,
R 72 PERE) LA e T L ITEE L WS, ABEEIROBLE D, BT v T2 {Ra A TR
IR TE D2 LRVA RARY RR vy THRERT AL R EDERERA M e D,

AT OEAfTENA & LT, 300mmgEEIZ AT 7o T —F S AT Y a v = BRI T
Do MAT, 7 ut ZAEATOFERIZHA W T & DPERER) b & W o 72RO FIEITIN A T
FLUTFT = RDOAT— U v IERE DR — MERENEN & OSSR D v o TR A
RNIRHTTZ IR T A ZAFAROBRFE b D ST\ %,

1) W. Saito, IEEE Trans. on Electron Devices, vol. 71, p. 1356-1364 (2024)
2) M. Tanaka, Ichiro Omura, Solid-State Electronics, vol. 80, p. 118-123 (2013)
3) Y. Kobayashi et al., Proc. of ISPSD 2023, p. 207-2010 (2023).
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EV ORI 72 RIEKRITHE, SIC /8T —F 3 2D FIENRFRICHEA TV S, IR
% SIC WU =T A ZADY = T HIGH RN S 2T — 5T, BRONT =T A A A=) —
O HEBIVEIT A D 720, 10 47, 20 464 & BLIE 2 72 Rt 72 BEE B S b o 7= 12iE, BIfED >
= 7 HERHEFT B Z LTI A TR HEREAN OB O MRS AR AT R ThH Y | EER - 7 VT
T ROEEEA S L EICRBEICT D 2 ENEETH D,

AHMETIE, TEU T 4 2SS EBET SIC /XU —F 3, ADFEIBEDOBUR, Fin b
BALRDT=DITFE ST & & bIT, BICERFHCR T 2kt T —= L7 hr =2 25l
DRFFEBFAR U DN TN T 5,
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A KRV RX Y » 7K TH D GaN 1L 3.4 eV DR KX % v 7 % RO EBEERR K
Thd, ). GaN [T r[HER R T A A(F LED X° LD)& H¥a L THIZEN D STz
M, ARE Ny 7 7 BEATIC L0 BB AR EA RIS D & IRIHRETT S AR LT
DRFFTbIAE o7, UPIT ALGai<As/GaAs mETHENE 7 > V2 ZHEMT) O s b4 A 5
L T AlGa;«N/GaN HiEDR Et Sz, £OfEHR. AL LA D mEE O ZRoeE 17 A (2DEG)
MREICHR S, £ OE\ 2DEG BEIE, GaN O K & 72 ffigiiEE fsE L M E > CEt o
A7 NT R MBS LB AR T, BMREM, BRAERRIEICENLZ SiC K
% VT GaN 5% HEMT OBFERHED HiL, GaAs 2D 20 [FLL EONRT —FEED T VA X
MBAFE S H, BUE, L— X — B ENRBE MR bt Tn 5, %ICEEEE 2DEG IX AlGaN &
GaN DA X VFFE Sz Z AV L, 0 F—E 2 7 &y 9 8 LWER i STz,

GaN HEMT [HEWA ARFLZ A L TB Y | FE V OMED R 1 Z A Z IR TE 5 2
LG FOME I A MEAEED T/RT—F 3 ZZTEA L L 9 &0 5 #F2228 2001 4EEED B IERAL
L7z, 2 A MEROD 72O 2l 72 Si R Z 4L 5 (W 5 GaN-on-Si BT —F /31 2 Th 5,
Si NU—F A REFENBFNRRIRD LD T e RNRoTiICIRE LR o773, 2021 4
t57>5 USB D EIEFEERRO5SW LA E)~DOEHDFKE, BIETIL [GaN 4w THET D &
ZROBERDBE v NI 5D, HROBE & L TiX, USB Power Delivery &V ) BEIRBIAE OXE; GaN
HEMT BRENEIEE(Si) 2 T > F v T L2/ T —IC OBGNHITF b,

GaN [Z DWW TR T S ZADBHFE AT L7223, GaN LD HIZBA%E &7z @ ihE n Y GaN
EBABFIHAREIZ 22722 LT, Si R SIC D L 9 it T —F 84 ZOMFERFE S A Z— L
7oo FRIZ2013 FFEN G AR TRERT BV =7 MRS, 2O 1044FTRE R L, GaN
PN RE TR BERT =T BRI WET ' ) Y~ VESRCIE# Na 2 572 Na 7 7
v 7 AYETR EOWIR « BRARIENFIIITE . FERR Y = O RARMK, K32 MERZ NI
WFEEnD, KU 7 MNEERPUT GaN & SiC (XIFIERI%ETH 528, GaN MOS F v VBB E T
200~300 cm*Vs D X 5 72 RAFRERHE SN TEBY . £/, © AlGaN/GaN 2DEG (1000~1500
cm?/Vs) % F ¥ F/UTHE 9 BRI G 5, b —F LD HPUTFFIT 2000 V L F DT /31 2Tl
SiC ITX L TRESLHTE D[RR DD, A AU ENR EOHEINIZARE ETH D08, W<
DOFERIH S b L2 F MOSFET X° DMOSFET 72 & O#t § 72 ST 5,

ARHEHE TIL, GaN /N —F /31 ZDRE | GaN BT —F /3 235 UL ST —F /34 &
DRFFEBH S BN [7)104 1% OFRRE 2 ISR 5,
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(1) S. Takahashi, etal., “Review of Modeling and
Suppression  Techniques  for  Electromagnetic
Interference in Power Conversion Systems,” IEEJ
Journal of Industry Applications, Vol. 11, No. 1, pp.
7-19 (2021)

(2) M. Amara, C. Vollaire, M. Ali, F. Costa, “Black box
EMC modeling of a three phase inverter,” Proc. of the
2018 International Symposium on Electromagnetic
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FHERF T TR, kY a2 2030 I2BWT 17 r— SVETRAMOBER] & AL
T ERF: L DBEMFASGARLE ) 2 K& 72 HEE L L T2 B0 ML A A B2 320 L T\ B,
IOV MABDOOEDE LT, Z7u— VUV AMERE RFHE DV v — VR0 E % H
L THIgWH@c X527 2— L« KX MY— (G-DORM) 7m 77 A ZHELTND, =
? G-DORM 7’1 7' J LTlE, AKFL Aa Gl 4 Ry (ESXLT ) XU R (B RYT) T4
ARESIRK (FAR), FadguralRE (F4) ~ A4 TRRF (R ML) OFTRTFAEN,
SEAEKENT « oy BPRENT - ZEBEFAT — LA BRI L, EICHE & A 2 U REEICE VT, BRI
ARSI BT AR OEE I N —T T~ c A v Z = vy IRV A TN S (K1)
M2, K G-DORM 7wt 7' NI SCHEFE RO (bS] ORI (H28) %32k
WCHELTETEY, EFICEZOFAEBIOEEOSRN - 5B T, KEZXRT T, £
7o, AT LIRS IXEAENASHIR S -k T b, FiizicE A > 7 A i (ColL:
Collaborative Online International Learning) O FiEEZ AW/ 7 v 277 AR L TE TV, AGHEH
TiE. 20 G-DORM 711 7' F L Z HULNT, BB R T LIS 2 7 — VB TSR ABFE LD
B0 $ AR DWW TR T D,

X 1. G-DORM TO/ A 7V v RE#&ERES (), AarTof 22—y (F)

L 2 BN
[1] Y. Ueda, A. Baba, S. Nakano, E. Wakabayashi, Proc. 2022 JSEE Annual Conf., W-05, pp.18-21, 2022
[21 LM, B, i, Bk, 5871 EERRE TREEIIGRESH R CE, pp.26-27, 2023
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BN b ol RKORFELEZBERT DL HHME L, BRIFEISC/ NV — 7 RifiaEELL DD
BAFIEDHEEZIT > TUVND, B (A AT —) TIIREBE L 7V —T1RE T, B
ELTOREZZSE L BICEAOHREEZHE L (K1), £ B B AT—Y) T, &k
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NY T LTORFITHRER L, IR L~ OMFFETET) 2 (KRR L7z,
IR 200Da—RAE L — AL RZBISZLICKY, BEDSY
BRSO T 72 Bk e L & B o/ P AR 2 BN L L, f
BB HEZ ML LTC0D, £, C AT —VETHIZ, K
FHRMT D KUGS FRIARD MR & 52, KL - R R i Buo
Bt b LTRSZAM~DOER~EBSZ L& RIBZ TN 5, R D REIZ B & A2 Sl
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MORFE LI o7 L, ZNOETADOBEICKT IMEE L ®mW, FET VI —MIED
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SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

IRVF—REBEFRRE [Z0MET ] TORBERBNT

Introduction of practices at the EEE Experience Center ""Kiipass"
SERTIRESEGRRE Z0(IF ) ,ONRE & 58 B
Mihama Town EEE Center "'Kiipass™, °Masaru Kokaji, Takashi Hashiba

E-mail: kiipasu-m@town.fukui-mihama.lg.jp *EEE (Energy Envirmental Education)
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HERRZAVW-ZIENMELE ENZFALE-EBHRETOEHEN
A Case Study of Making Air Battery Using Binchotan Charcoal and Its Application to
Science Education
AMMARTEHKE OMI B
Suwa University of Science, °Satoshi Ogawa

E-mail: ogawa_satoshi@rs.sus.ac.jp
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Fig. 1 Electric train powered by Binchotan coal Fig. 2 Off-grid system with log covered batteries
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The elucidating the mechanism of the geomagnetic reversal by the Tippe Top
Phenomenon of the inner core
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E—mail: ishii@nmurc.com
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BRISXATZAV= 0, EERSHO LG WEREHAER
Nitrogen Fertilizer Production by Air Plasma without Direct CO2 Emission
AKRBRI!, AKBRRDRIE? BRIK3 FFKX¢ CHe 2!, Bl BT R BE?
Pankaj Attriz, HE] —%&?2 BS EA2 MR F3 B =¥
Kyushu Univ.! Kyushu Univ. ISEE. 2, Tokyo Tech 3, Iwate Univ.* °"Manabu Tanaka!, Takayuki
Watanabe!, Takamasa Okumura?, Pankaj Attri2, Kazunori Koga?, Masaharu Shiratani?,
Nozomi Takeuchi’, Katsuyuki Takahashi?

E-mail: mtanaka@chem-eng.kyushu-u.ac.jp
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[1] F. David, et al., The global nitrogen cycle in the twenty-first century, Phil. Trans. R. Soc. B, 2013, 368.

[2] J.W. Erisman, et al., How A Century of Ammonia Synthesis Changed the World. Nat. Geosci. 2008, 1,
636-639.

[3] J.N. Galloway, et al, Transformation of the Nitrogen Cycle: Recent Trends, Questions, and Potential
Solutions. Science 2008, 320, 889-892.
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REENIVAREDORE L BEADGHA
Generation of Atmospheric Pressure Pulsed Discharges
and Their Agricultural Applications
BFK, BFARHRFTITY? OBE RE', 5K #H—1
Iwate Univ. !, Agri-Innovation Center, Iwate Univ. 2, °Katsuyuki Takahashi!, Koichi Takaki'-?

E-mail: ktaka@iwate-u.ac.jp
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Plant Body in
Hydroponics

Contamination of

pathogenic bacteria
Ralstonia solanacearum
Fusarium oxysporum... Inactivation

Allelochemicals

As
fertilizer

Dichlorobenzoic Acid

+ Discharge + pH adj.

Figure 1 Treatment of nutrient solution of hydroponics

by pulsed discharges generated over liquid surface
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BEMAAHREVMEFRALEHFLOWZ 97 R=IVXEYERR
Marine aquaponics with photosynthetic organisms for sustainable C and N cycles
dEamm Rt OHEF HiE:

Univ. Kitakyushu !, °Tomonori Kawano!

E-mail: kawanotom@Kkitakyu-u.ac.jp
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Eco-island project with circular food economy
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University of the Ryukyus, Toki Taira,

E-mail: tokey@agr.u-ryukyu.ac.jp
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TIARIZEBHLVRRER - TRLX—FALRATLA
Emerging carbon recycling and energy systems using plasma
RIKIZBE OFig 8¥
Tokyo Tech, “Tomohiro Nozaki

E-mail: nozaki.t.ab@m.titech.ac.jp
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1) A.L Stankiewicz and H. Nigar, React. Chem. Eng. 5, 1005 (2020).

2y T.Nozaki, X. Chen, D.-Y. Kim, C. Zhan: Plasma Chem. Plasma Process. 43(6), 1385 (2023).
3)  T.Nozaki, D.-Y. Kim, X. Chen: Jpn. J. Appl. Phys. 63, 030101 (2024).
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Energy Production Using Subsurface Microbial Communities
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4H-SiC epitaxial radiation detectors for harsh environments
University of South Carolina, Columbia, SC USA, Krishna C. Mandal

E-mail: mandalk@cec.sc.edu

The 4H Silicon Carbide polytype has emerged as an outstanding material for semiconductor radiation
detectors, particularly in harsh environments, due to its wide bandgap (3.27 eV at 300K), high thermal
conductivity, mechanical robustness, and radiation hardness. Schottky barrier detectors (SBDs) fabricated on
4H-SiC epitaxial layers are recognized for their excellent performance in charged particle detection, rivaling
silicon detectors. Figure 1(a) shows the pulse height spectrum (PHS) obtained using our Ni/4H-SiC (20 pm
thick epilayer) SBD exposed to a 2*Am test source, demonstrating excellent energy resolution for 5486 keV
alpha particles. However, their application in detecting ionizing radiation such as gamma (y) photons and fast
neutrons has been limited by the thinness and low active volumes of available 4H-SiC epitaxial layers. For
effective detection of X-/y-photons and fast neutrons, a larger active volume is essential.

Advancements in growth technologies have enabled the fabrication of radiation detectors on epitaxial
4H-SiC layers up to 250 um thick, enhancing their applicability for penetrating radiation. Figure 1(b) shows
a PHS obtained using a 250 um thick epitaxial Ni/4H-SiC SBD. Nevertheless, utilizing the full thickness
requires high biases, increasing bulk and surface leakage currents, which adversely affect detector resolution.

Chemical passivation of the semiconductor surface has proven effective in reducing leakage current and

preventing breakdowns under high bias conditions.

5000 . o . . . P s . .
T 4000 (a) far S " Y ® | syrface passivation in 4H-SiC is typically achieved
2 ® . ' . —
5000 I} 2 o0 i | through nitrogen or hydrogen passivation.
€ 2000 20 S S
3 ¢ 1 1 - - - - - -
81000 S }@f(; w2 4 Alternatively, passivation with a thin high-x
0 %‘i o :—-’—"= “L._
5200 sagﬁef;f?kf\?f 05600 oo me o e wo | djelectric  material enhances minority carrier
20 nm Ni 750 . . T . .
J Sy () = 600 imvhapeak @ | giffusion length, indicating reduced interfacial or
' S Pulser Peak
Oxide Layer 10 - 500 nm I . . .
T S f; nav g surface recombination of holes.
4H-SIC buffer 1 um 5 300 _.;'. 215keV e . . .
e subetratc B S 450 ” ; Recently, thin  oxide-layer incorporated
prEeley 350 um b
| | 100 nm i 4000 4500 7750 sooo | Mmetal-oxide-semiconductor (MOS) detectors have

Ohmic Energy (keV)

been extensively studied. Figures 1(c) and 1(d)
Fig. 1 PHS obtained using a 20 um (a) and 250 um (b)
show the MOS detector geometry and the
thick Ni/4H-SiC SBDs exposed to a *!Am alpha ] o ] )
self-biased radiation response of a Ni/Y,03/4H-SiC
source. (c) The schematic of a MOS detector. (d) PHS ) ) o
MOS detector. This paper reviews these findings,
obtained using a self-biased Ni/Y,03/4H-SiC MOS.

comparing the radiation response of vertical MOS
devices with various high-k interfacial oxides and SiO; layers. We discuss their potential as high-resolution
and high-efficiency semiconductor radiation detectors for ionizing radiation applications, offering promising

advancements in radiation detection technology.
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Development trends of radiation detectors using perovskite semiconductors
AKRE! Ol BEE!:
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[1] Y. Kim et al., Nature 550, 87-91 (2017).
[2] Yihui He, et al., ACS Photonics 2018 5 (10), 4132-4138
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Development of a radiation detector based on the halide perovskite semiconductor
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TIBr ¥ BHIRHBOBRER U v ) 78Rt

Evaluation of crystal quality and carrier transport properties of TIBr semiconductor

detectors
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Advancements in High-Resolution Detector Development for High Energy Instrumentation for

Space Telescopes
I. Kuvvetli, S. R. H. Owe, and C. Budtz-Jgrgensen

At DTU Space the 3D CdZnTe (CZT) drift strip detector technology [1 to 5] has been developed together
with the associated Drift Strip Method (DSM) for pulse shape analysis. The detector technology displays
excellent position resolution (<0.5mm), and energy resolution (<1% at its best) at 661.6 keV achieved
through pulse shape signal processing with the Drift Strip Method. The signal formation on each
electrode readout employs bi-polar Charge Sensitive Pre-amplifiers. The output is sampled using high-
speed digitizers, providing the full pulse shapes generated by each interaction in the detector.
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Figure 1: (Left) Principle of Drift Strip Method. (Right) The large area 3D CZT drift strip detector (40mm x 40mm
x 5m) attached on a PCB.

Supported by ESA, EU, and national funding, DTU Space has developed novel detector technologies
and algorithms [6] that enhance high-resolution spectral-imaging semiconductor detectors. These
include Al-powered readout systems and signal processing using artificial neural networks for near-
real-time output, applicable in both high-energy astronomy and fields like medical imaging and
security.

The 3D CZT drift strip detector technology effectively addresses the challenges of observing MeV (X-
and gamma-ray) radiation in telescopes [7 and 8] . This detector offers excellent spectral resolution
and spatial resolution, efficiently handling multiple interactions, making it ideal for MeV astronomy
and emerging Low-Dose Molecular Breast Imaging (LD-MBI) systems.

This talk will provide a concise overview of these cutting-edge radiation detection technologies,
highlighting their significant advancements and applications.
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Development of Large-Area CdTe Photon-Counting X-ray Imager
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Fxix, 7 bs RI DA (CdTe) ZHWZHEIFEE v F 100um OKEE 7 + ST 4
YT XMT Ty bR (FPD) ZBAFE L7-, ZOMRHEERIE. EZ 075 mm OFX A 4 — K
B CdTe ZBRAL 7 7 A UAEE T, 1 B 7 &L 80 um A OBKIEEE S 7 + b v - BG4
H LA (i E BA%E ASIC) (CHHE L7z, FE Y 2 —/ LT 96 X96 HizE TR S, ZhbnEy
2= V& 2X12EFNTHZ T, K454 VT OKRKEREA A—Y v —%FEBHLTND,

RKEFEOFIE 7 vt 2 Tid, BEE 3 RocERREE GD-IC) fFEEdi&EM L, Bt L
LSI Z#RUb 3 5 & & bi2, B AHIHOE®mE Y (TSV) ZJER L7z, TSV OBCHNIIE,
SRR TIE -V T 100w m By F OS> B EIC&E A 7R LTz, 2 D15 T, CdTe
LTV T F T RT 4 T EITO9.6mm ADEY 2 — AR INTZ, THHDEY 2—
JUE, RO TR EMEZ R ORN—ZAEMR BIcF AV 7S, A4V 7 - v v 7ORIE
L7t e L, BT 5 CdTe BRI OWERAIEEEIL 40um Th 5,

B H#k & BIHIE 90° OAPETRAET S X 5 Ik S 55 H 11X FPGA & DPS £ 4 Fi|
Lizarbe—9—% N LCESFHATE, ZOKERE CITe 74 F BT 407 X fjA A
—V¥—0, MR TZE (DQE) AHMISERE (MTF) 7L ai#imT %,

AlEl, 3D-IC A% v X U THEMMOBR L HAIZEL D, CdTe LWV )RR M T a8 ARREH LW
MERRICH L CTHRMA A=y —2FBLTH 2 LN TE T,

BE RELZKEE CdTe A A — 0 7 F 34 Z2D® o —E4y, ASIC & #k L7- 9.6mm @
CdATe/ASIC BV 22— VN 12X 12 THA VT ENTWD, K L72BRN 1 oD X 5 TH 1 ik
OTCHEHITZ AV TENTWDZ EDBGNn5b,

© 2024%F ISAMERER 100000001-153

T3



tyiary 2024 FE35EICHAYMEZEMETEMBER

DURDOL | PYRIULOEER) A b2y I AV Ea—T 4 YT EAIDY AR —N— ~HFEBRL S
ISEET~

[18a-C302-1~4] 7 # h=w oAV a—FT 4 YT EAIDVORFA—/N\— ~§
BRbD SIEE T~

[18a-C302-1]
IEL®IC
OF L #x" (1 #EEAT)

[18a-C302-2]
HEFIAE2—XTEAMNTETZH
O=# 812 (1.8AL. 2.JBFRQC)

[18a-C302-3]
F/ 77 AN—HIRBEBQEDICEL B Y - RF/N\AM Ty REFIAEa1—XOBEHE

OBFA BB (1.2AET)

[18a-C302-4]

Je—L2hOYVIRI VDEODER

ORJE 3. FE1E =500, ME H#N. £H B0 WE FE K2 ER FE A (NTTHHE
b)




2024F E35EISAMEFZEUFZNHEER

SURISTL | DRI ULOERER) . 74 by AT YT EAIDVOARFT —N— ~FFRNS
G E T~

[18a-C302-1~4] 7 # h=w oAV a—FT 4 YT EAIDVORFA—/N\— ~§
BRbD SIEE T~

[18a-C302-1] (XL &®HIC

OB 8" (1. EEAT)
F—J—R ! TJxb=ZoX

IEC®IC

- 18a-C302-1 -



2024F E35EISAMEFZEUFZNHEER

DURDOL | PYRIULOEER) A b2y I AV Ea—T 4 YT EAIDY AR —N— ~HFEBRL S
ISEET~

[18a-C302-1~4] 7 # h=w oAV a—FT 4 YT EAIDVORFA—/N\— ~§
BRbD SIEE T~

[18a-C302-2] XEF AV Ea—XTREAINTETSH

O=# 812 (1.8ATI. 2.JBFHRQC)
F—U—RIH}EFIAVFKa1—4X

EFTLR—T—23 ZFRALCAEFIVE2—FIEEREETEET 51D, N—K
VITVDRT—ZEUT4. JAOVIRARBOEIHREZLDA) Y b ZFD, ERMAZED
ERICKDHNEFIVE 21— OEERFERDATRRBEREICA>TED. ZDISALICEOD
mEO2TWVE, KBETIFZa—FIILRY bT—IPEFHFAER LD, RO MME(LLF]
DIGADEEERICOVWTERHFOEEZ BIEZ T B,

- 18a-C302-2 -



18a-C302-3 HESEGAMEE AUELMBES BEFHE (2024 KBAVEEN2RBEFYS1Y)

T/ I77AN—HIEBOED 2K D
K-RFNATVyY FEFIVEL—S2ORAR
Development of light-atom hybrid quantum computers based on nanofiber cavity QED
BWEX HX EH
Waseda Univ. Takao Aoki
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LRI E T ERNF (ijET}E%%QED) FlE, ERECH CIAD BT &R T2 B SIS
AEHT 2R THY BHY7ZN - A 7Yy RRTH D, HIREE QED IZES< &EFa v
2—ZF BfEFEy FEbFEFE Yy FOREEmMGTEHNTE 5, FrZ. F 2O THEE
DR QED RE R LF v U —271b4 5 Z & T, @RI E AN ATREIC 2 D 2 &
DR S5,

P ld, MBS LR T ) 7 7 A S—IHRER130CES< T 7 7 A 3= IHEER QED
HR[4-6] (Fig. 1) I2Xk-» T, KREMEARDEAE o Ea—2OFEBEEHEL CWD[T7], AiEH
TiE, ZAVE TR LI EiTOFEM & 4% OBREIZON TR S,

“Nanofiber”

Atomic array

e

Optical Fiber Fiber Bragg Gratings

Fig.1: Schematic of a nanofiber cavity QED system.
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24— 7 QIERIDEIMAH S HIT2 D D0 H 2 HIE, VI 2T 22 HWTEDIERD JWEtE
ZFEBRT 2MADPERILLTVWS, ak—L Y M P>V (coherent Ising machine: CIM)
X ZD XS BEEHEDO—DOTH D, HoF X MY v ZHIREE (OPO) A > 2 LTHILT, OPO
FMONERFEEIC X D A VMBI ZERE T 2 22T, A YV 7ET VDRI AL F —IKEE
PRRT DY AT LTH 5 (1, 2, 3o ARETIE, CIM OFHIZOWTHENRTDH &, KHE
{EADED #HA [4]. Potts T TFAANDILIE [5]. 2 KITA & ¥ 7 EFILOMERE O (6], HEE
BE{EANDIGH [7] 72 ¥ CIM MR DB DHERIZOWTIE T %,

BE R
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REERERAVEZE I+ b=v o4 D0 T L U OMEETRER
Function enhancement of spatial photonic Ising machine by using optical multiplexing
BRABEIEH®R, °TH &,
Osaka Univ.

E-mail: s-shimomura@ist.osaka-u.ac.jp

ZHROFERBOF NSRS BUVWEEZ RO j'Hj‘a—‘fﬂ/\J@HYLﬂﬁFﬂ% WZBWT, BRI fRIRR T A
VAT LADEBRIL, TEEIZIUDE LEEBIAWSHICES TS, (P07~ A3 EaE kit
MBEICFHE LTZRHE AT A TH Y, Fﬂiﬁ@ﬁﬁﬁﬁi R B AR B E A EERL f@%ﬂ: L,
MATOFMEEZ RTA P TN IV =T v aig/MET D 2 L ClmfiE e RET 5. 22T
N=vw 2 A7~ (Spatial Photonic Ising Machine, SPIM) (%, A & ZE % AHAR TG =
b3 2% Z & T, 10,000 UL ORI 2 ok & b RE OISR 2 "lRE & T 5[1]. L L,
HAFEHORHRBBEEIZAE U HERETHY, MER T LG EELMEOHEAIIIRE S
TW e, AR T, AZEAHEIMEZ H - SPIM ORRENLIRIC & D Bk &2 7o R OG- i
WLMEAZEY 5 SPIM OB ZHI LT\, RFIETIIRMN - ZHoEZEMICL VA
TEH @ B REEZYE5R L, 76K SPIM CTIIfiFiT 72y \%ﬂé\ﬁ%ﬁm%%ﬁz: 7 DIFRR AT IR o T2,
AV ITNIN =T VHIZAY U E e L AR %
FIVCH = =Y ik 050 2 LTH Y, SPIM TldRiEs @
HiEx MO THAEFNZXRBRT 5. AFETIEHERDNS SLM 5 = exp(ug)
H— 2 W THESER OB B E %2 E5E9 5[2]. Figure 1 Phase ¢
2 IS EACA V7 SPIM OBIMSE A =T, RiEs o —
&% b ONONANTZER LM (SLM) % FVCTAH o
SND. FETVNVOMHEHRES T2 THY, AL w Lens
% %oy = expling;} € (~1L1} A RHT 5. BRSOk \ 4
Vo REHWTENNSH, f A=V THRGESND. <""
5 D UL R EE (0t 13 SPIM DA 2 NIV R =T .
Captured
images

Feedback

Image

YH=Y;1&&0i0 \ZRIN L TRY, HAMEHIZ =§"T sensor
FREND. AFETIRZERSELO = ORI g o
&b OMHEDN S E— & SIM AC—EANT 5. &1RHE  Hamitonian 7~/ =7 @Dw%%
I3 Hidm ™ ENAH AP LI KD, G SnD A P A A
TNV R=T UTH = Y A X fi(k)fjgk)aiaj L0, MHAE (b) 25 Orting So;lunon
TERIRT = 2k i § o § iy CERSND. ZORER, ZEITK 20
STERVFEAEHOBHENHEZ, W ATRE /A i
A 2 YL5E T & 5[3].

FAEER CIX. ZEED 2 oM H e v 7Yy 7 RiE
T D Rl fRRERRE D A RGE LT, A B S 17 fE
FRMBEIZIBWT, b S7c A B A A 6
BRI L 2B, BERNSEHID T L AR LT AR R A oA
X0, HEZHEIZEL Y SPIM HBULEET 5 A ki ) . .
ORSEZ IR TS 5 = L 2% LT Fig. | (@) Sehematic of BEIM using
AWFs2 13 JSPS BHFZ 23H04805, JST ALCA-Next ?bp;‘lfi'stgvglf;fsffl‘;(fllgtfjﬁﬁ'the
JPMJAN23F2 OB %2 T 7-b DTH 5. knapsack problem.

iy
w

Frequency
=
o

w

[1] D. Pierangeli, G. Marcucci, and C. Conti, “Large-scale photonic Ising machine by spatial light modulation,” Physical Review Letters, 122,
213902 (2019).

[2] H. Yamashita, K. Okubo, S. Shimomura, Y. Ogura, J. Tanida, and H. Suzuki, “Low-rank combinatorial optimization and statistical learning
by spatial photonic Ising machine,” Physical Review Letters, 131, 063801 (2023).

[3] T. Sakabe, S. Shimomura, Y. Ogura, K. Okubo, H. Yamashita, H. Suzuki, and J. Tanida, “Spatial-photonic Ising machine by space-division
multiplexing with physically tunable coefficients of a multi-component model,” Optics Express, 31(26), 44127-44138 (2023).
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N—ROTT7DERERELIGH
Implementation and application of deep neural network hardware
based on spatial light modulation
AITAKERIT ', LI A Neumorph £>2—2 OF EH 12
Kyushu Inst. of Tech. (Kyutech)!, Neumorph Center, Kyutech?, ©Masanori Takabayashi'~
E-mail: takabayashi@phys.kyutech.ac.jp

Al (Artificial intelligence) 2 & o THHRATREZREE D ZHRIL - BHHLITHE S 523 a X + DI RD
BRINTED, AIOFEEITHLIoN—F v = 7D FINT0SE. AIN— Ry =2 72E T 5
77 —FOFTHNERNAHL 72 DIIERZEMRRICEN, SVIFIELIRD SN S Al N—F
V7 WHHETH 2 END. TOPTHIEROEMZE LR U ZEDEERHA Al N~ F Y =
TWEELSPOMEINTZ DD TH S0, JHEOZEMBZREFEAM M MM, FEERORE
RELHY, IEFHEFHZED TV [1]. £, XPPMMEREL T2 oOEEZ ETFHEED
HoERMETM BIEH IR TWS.

ZEEDEA 7S (SLM: Spatial light modulator), #RIECFAEEES (HH2LH, BELRE, FHRrET
F), AX=JRVYDPORINFHABE, A X—IL P SIMIMET 2EFHEHBEED» S
2B NEMETEE =2 —F V% v bV —2 (OE-DNN: Optoelectronic deep neural network) %%
25, A& =P ARE— % SLM Z HWTOEBICZER L, fRHPCEEEE Z2EiE s 5 2
ETCELLTNDEE i A X = Y TRIET S, A XS THIR L X =12
BFHAECIFRPHEBEEZH LD REDO AT 2= L, ZHIME & ITERITE
T3, Zho0—HOBEEZ DERERSZIEDIEL, REEOH I AZ2—C% 1BHDOA
TRE =N T 2B &= LR L, ZOBEVWHRNETIRD XS ICEBEOFEE T
Mz¥ET5. 2ok x, FPCEEER ZZ#175] (TM: Transmission matrix) [2] Z W TE
MMET 2 2T, MREPRMERE DERZEE TNV T XL W EEPNERTE 5. KIS,
TM E SLM [ & 4 X — & ¥ [H OEFRIRIE 711 2 BIRAN 1 2 BEITH2 DT, EERIRIEZFL
e & A S DBIUTGR L T2 DNN EF L2 HEDNN IR 2 TE L. A
FEOFE T, T™M W23 OE-DNN O EEFIEICOWTHAMNT 5.

%72, OE-DNN OfENHEEDE TM ZHWTETFT LT E 2 205 2 2IiE, [TEDNEHR
JESE % OE-DNN OFENFLHEEGBICHHTEZ 22 0S5 T 2R L TW5. 2, HcEH
L7 ZiLsk s 248802777 4 v 27 XEY (HDS: Holographic data storage) (ZH5W\C, FLiRME
HICEEE N TWS R a7 4% OE-DNN ORJEEEEEENICTEH 2 Z & T, Rl ERz+
RE R ER BN T 2 2 ¥ e THARE FUMHZS T CHRBYEREEZ NTESE 6
ZA[REMED D B [3,4]. AFEHEDZR YT, OE-DNN OJEHE LT, HEFEREEENEST 5251
57497 XAEVIZEBHAL LT —ZXR=I DT /) A ZUHZHENT 5.

BIEE AT E 23H04808 DB Z 21T 72d DTY. T/, KREHTHN T 2HERFICE
KRIBZERZ W W IUN TR RZOEMAAR, @A, THRERK, &@T5ICEL T
A7 Tikim e Wz 720 AUEE R ZE DB N B EBRIEH P L LT % 7.

BEXEK [1]]. Hu, et al., Nat. Commun. 15, 1525 (2024). / [2] S. Popoff, et al., Phys. Rev. Lett. 104,
100601 (2010). / [3] M. Takabayashi and A. Okamoto, Opt. Express 21, 3669 (2013). / [4] R. Tomioka
and M. Takabayashi, Opt. Rev. 30, 387 (2023).
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BEXFERR=-21—FLRy FT—ITNL XD
Development of magneto-optical deep neural network device
EEEMX', BAIX? BHNIK® ORKF BEE' RO BR' XM HE' K wR',
MHE %&FH ', & ' Zahra Chafi Fatima', BR &2, R¥% @22 Hh J%83
Nagaoka Univ. Tech. !, Toyota Tech. Inst.?, Aichi Inst. Tech.?, °T. Ishibashi!, H. Sakaguchi',
T. Honma', R. Akagawa', J. Ikeda', J. Zhang', F. Zahra Chafi', S. Sumi’, H. Awano?, H. Nonaka®

E-mail: t_bashi@mst.nagaokaut.ac.jp

TR, REICBERELCELET 4 — T =a—F Ry NU—71%, ZOREREEREIVPELE
o TS, DD, KIHEE) CEHALZFETTE2MHT A ADEBNLIN TN D,
Fexlx, BEMT 4 —7=a2—F NV %y NT—7 ZWERANIEEE LT BROL RIS 4 — 7 =
2—F )V F v hU—7 (Magneto-optical Diffractive Deep Neural Network : MO-D’°NN) ##2% L., #f
TEHHE AT > T D 12,

Fig.1 &, #IBRREHE Th 2 FEES BT ONEGET
O A 777, MO-DNN (T, FEAUEIC V=i
REFMEIOMX THELD 7 7 77 =R EFIH L
T DOAFZETR & BT L D2 ERAEDLEIZL Y EHE
PTOID, ZOT A AL, 2 IRITCOHAE 5 & AP
TE D7, EEMER K OWSIMEE A L, OEEHIC & ?@ﬁ%ﬁ:
LEINEE DN 0D BB Z IR 2
FERTF AL AL LCHISCX D, SBIT. ma—n Fig.1 A schematic image of MO-D?NN.
& UTTHERE T D REIXIT, FE LR 3 ATRE

o Magnetic films Polarization
Polarization  with domain patterns image sensor

th, FFBRRILY AL OUE G ATHE Pl L Qraﬁ
Fig2 I3, ML E & LT A~ R (@ Ereto Tmm§§ - hﬁ
WAREME D — % v M Y% V7= MO-D?NN O [j
DEBHERE ORAR Th %, W 405m O v imaging _ Polareaton

Aysusyul b

L—=P—= AN I T —alAabE ‘I L il
EWMRE AR ZMAADED Z LIk photomesi - mofim - outeut
Y RROEX 2 NG D, Fig.2 An experimental setup for MO-D?NN.
HHIFE, Y2 b—ra rORERE K OEROEPRIUZ SN THRET L TETH D,
AHFGED—ERIL ISPS BHFE: JP23H04803 DHIk A% 1 J7=H D TH 5,
[SCHR] 1) T. Fujita et al. Opt. Exp., 30, 36889 (2022).
2) H. Sakaguchi et al., IEEE Trans. Mag., 59, 1 (2023).
3) T. Ishibashi, J. Magn. Soc. Jpn., 44, 108 (2020).
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A0 LEES-RT IS L—5—
Optical accelerator with microresonator frequency combs
EBXERF LED 7+ b =4 REAFFR !
OAtH Eth
Inst. Post-LED Photon., Tokushima Univ.!,
, ©Naoya Kuse!
e-mail address: kuse.naoya@tokushima-u.ac.jp
A 703 LIEE-EREFERCW L —H -2 EBRAHNEIRSEICHES L. BV RS A DO IR FER)
RICk->THET S (K1), CW L—H— BUNEIRSFHICHFEREEREE CFR AL /- o/ NETEE
AIRER KRR ILE L TEESINTWS, INEFTYA 7B aLIENK - THzBE, LIDAR, Fv 7 X7 —Ib
REFHREAREDEAMENRINTND, BT, A VHALOERZEUEHXT /7L —&—I2fE- 7
MEDHRE SNz T ZTIEHERARZ 2 —T I3y FT—7HROITIEEN YA /DD L%FE> TEEIN
721,23l AEBRETIERNBOXT 727 L —2—E LT PAREFTED TV IR IS NN—avEa—-TFT 17
CRICFEOMED 1 DTH [NV T 4 v FEBICTA 703 L%EES HRLIICOVWTRENT 5,
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Fig. 1 (a) Conceptual schematic to generate microresonator frequency comb. (b) Optical spectrum of a chaotic comb, which
is not in a mode-locked state. The chaotic comb is used for solving multi-armed bandit problems. (c¢) Optical spectrum of

a soliton comb, which is in a mode-locked state. The microcomb is used for optical reservoir computing.

1) X. Xu et al. Nature, 589, 44 (2021).
2) J. Feldmann et al. Nature, 589, 52 (2021).
3) B. Bai et al., Nat. Commun. 14:66 (2023).

4) J. Cuevas et al. APL Photonics, 9, 036112 (2024).
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1. ZLIZ

w77 —2DOIEH, Al OBERIZHE, [FH0E(E -2 B a— 2V A7 AOALEHEE - BERE Tk 95 2
KRB\ ESTND, WSROV EFEA A HAR LU B A 52 357 78TV — 25 R8T 57
DI, KON FEE (TE, IR, 2 EMERE) 2IE A LTt B a—T 4 7 OB R )
FELL  SERDEHINE W= a—F 0 3y M —Z[A1E | G 72 8 O RS S TQ0D[1],

LT UHVIAG 5 fELEL R EAe . AT T AR 7 — U =25t (Discrete Fourier
Transform: DFT) [Al#&% EAERR IR L5, SEEA R OGRELEEE , AR ORFIEZED TW5[2],
[3]c ZDO—HIEL T, F DR /15 51k, FRR I v ee 72 Y e i Fa BE RN (Exclusive OR:
XOR) [EF&IZ W TR 5,

2. ZE VT UANNAF BT A A

112, 29T V2L NE S H XOR B OEROL R EB OIS A E =~ 3 [(2) AIEFIE Y
W N=4, (b)N=8 D5 1[3], AEYIDOAARITRFFSIV, AT ERT T RS — D177 D NS5 &
DREITFELNET D, TOHE N T7Z (CT7ME:0 H5W\N3r) &, O DFT FIEEL TEET 527
TAB =17 T[4 TOfF HAAIZE ST, ANE YN OFDMBEEOLE | D7e<Eb 1 SO 230, A
e OBRFTBOGE . R TOH IR 1 &7ed, o T, HEEHE O JIIZ AND &1 [A] A #2
e U, AE VRO XOR A NEHND, K 1()DFE . BT T~D 1 &5 1 BEA ST OIS
TN mZ T 5, FEK 1b)DOSE . 2 WD AT T D AT ENEFUTBL T, A5 WG N4 5971
TNARL 7 N b2 Z DB T ODNLED BN L T ENH D, 725K 1(b)D H 1%k
IENDEIZEST 4 THY, ATTEy MUIHREBEORERRIC B Z RIT I 20, 144X 144 DA K —
7T HEBINTEYV[SI00LL EOATIE > R EZALERATEEZR Y XOR RIS O B ATREME S & 5,

WH4 £y b, & E > b 40 Gbit/s DA 5% VT 1(a) DRI OEERGEZ 1TV, ¥
HXHIE 5.9dB TH - 7-[3].

Phase shifter-.,:_

n=0 | Output 1
- —_—
Input for most

significant bit
e

Input for most
Output 1 significant bit
—_—

e
Output 2

Output 3
—_

—
—_

Output 2 Input for least
significant bit

—>
Input for least -—

significant bit =0 Output 4
“Optical waveguide “ Optical waveguide
substrate substrate
(a) (b)

1 Optical XOR gates when the number of input bits NV is (a) four and (b) more than or equal to eight.

3. F&OH

LT UANVIAG BE— BRI R . AT 7 B T — V) AR A R R AR LT R EE RS
B XOR [BIEEOEHEREL, I OHUR THEOITODEHEIZ OV TR L=,

AAFZE1L . BAFE 23H04811 OB A2 T i1V,

 E BN

[1] K.-I. Kitayama et al., APL Photonics, 4, 090901, 2019.

[2] K. Takiguchi et al., Optica Advanced Photonics Congress, ITu2B.3, Quebec City, Canada, July 2024.
[3] K. Takiguchi et al., under submission.

[4] K. Takiguchi et al., IEEE Photonics Technol. Lett., 31, 1327, 2019.

[5] K. Okamoto et al., I[EEE Photonics Technol. Lett., 4, 1032, 1992,
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Al-oriented Photonic Circuits based on Heterogeneous Material Integration
BEKRBEL!, ENIK? ELWH STIAIAILY FA=H R4 OFdhiz !, R, EBREA
L R, REER! AXHEEL BEREBEN, NULEOD LT 4ovy!, REE
X!, BENE" BERRE, BEIHT', XBEFE' 2282 HHEXHS, EXF=
3, BHEAES, MEMES BAHFRS, EYIL X777V T JLTUVS L =T
FY—brRY BOTFoy b, BRE-!
The Univ. of Tokyo !, Tamagawa Univ. 2, AIST 3, STMicroelectronics*, “Mitsuru Takenaka', Rui
Tang', Yuto Miyatake!, Chengli Chai', Tomohiro Akazawa', Hiroya Sakumoto', Yosuke Wakita',
Dhruv Ishan Bhardwaj', Tomohiro Anda', Kazuma Taki!, Naoki Sekine!, Kohei Watanabe!,
Shuhei Ohno!, Ken Tanizawa?, Kotaro Makino?, Junji Tominaga®, Noriyuki Miyata®, Kazunori
Ikeda3, Makoto Okano®, Stéphane Monfray?, Frédéric Boeuf*, Kasidit Toprasertpong!,
Shinichi Takagi'
E-mail: takenaka@mosfet.t.u-tokyo.ac.jp
WA, SEEBE DR ANER 2420 T\ 5, G RIS 7 2 LR 2R s & 2R
FET 5 2 & CHEMEEZR ENARRIZZRD 2 &b, AR AL R E~DISHRHIf STV D, KiE
BCIE, AL T OBEE IS B D AFFRIC DWW TR 5, FRICGEBIZ I W TUTALA IR 2 2571
TORKRINEEL D, MOS F v /ST FCMahEA2], MZEME3]12 FW 7RISR 1
(Fig. 1) IZOWTOREDHR Z w5,

11I-V/Si MOS capacitor Ge,Sbh,Te,S, Sb,S;
\ N Hfy5Zr0 50,
sf : : \ =
Ferroelectric / §
FET
(a) MOS capacitor (b) Ferroelectric (c) Phase change materials

Fig. 1 Optical phase shifters for Al-oriented photonic circuits: (a) III-V/Si hybrid MOS phase shifter, (b)
ferroelectric HfZrO,, and (c) phase change materials: Ge,Sb,TesS, and Sb,Ss.

HEE « ARFFED—HBIE JSTCREST (JPMICR2004), JST AR ANES2E (JPMIMI20A1) , JSPS
FHft#e (JP21J20272, JP22K14298, JP23H00172) 3 L OSCEFEE =7 U 7 V5V —F A
> 7 7 | 3 (JPMXP1222UT1028) DIk 2521 T L7z, £ 72, NEDO ZFt93 (JPNP16007)
DRz & e,
ZE K
[1] R. Tang et al., Laser Photon. Rev., vol. 17, no. 11, Nov. 2023.
[2] K. Taki et al., Nat. Commun., vol. 15, no. 1, p. 3549, May 2024.
[3]Y. Miyatake et al., IEEE Trans. Electron Devices, vol. 70, no. 4, pp. 21062112, Apr. 2023.
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ANLFEIGE (AD) AT AOKRBFEAGIZE, HEBEORIEBRBEIZ 2> T\, KBTS
ATV AT LAOEREIMEIZAT T, AL=2—F %y FU—27 (AN) RV HPF—N_"—arta—7F
A TR EOBEITFE OT T XL w R~ FEET o a o B a—T o 7B NER
ENTVDIL 2], T XD REMTIE, KB CEBAEOT LT Y XAEFETT HI20, (RIH
BENEERTEDH, IHIT, INHONT AT KNEEEtE S IREBEE L kR, 7787 b
—Z L LTRSS TWD, O TT—bbolcitarCa—T7 4 7 L3RR | EFON
FECITIEEIBRELAN (3], SeERLAHAT (4], YEMEHAN 5] AVEH T2 Z L BB CH 5, ITHEDN
ERRERE AW =2 —F Ry MU —7 O RITEEITHER L TWD A, BUEOHIBR, JeE
PEALBAER D RAE, @R T a7 AT AOFEFE, T3 Y X8O HM & OREILE
PREI TV, SEEFERIEE CHERFEMSIC X D RBANET L (CNNSE) & [ASEBRIC 328195
DIFRETH D, Hx i, WEROET NV ZHRIETHIT 2D TR FFERZ A 75 LT
T NA A% EDOXHIHMT 2 & /IR EH D7+ h =27 ZET NV THIEREINLL L
DOYERERFONDICEH Lz, 20700, NEMEK I 2 8o ek 28 o€ 7 V%
R, YR—IRXT 2 =<V NERER/IIIMETHA T+ =/ A=2—TF LRy U —
27 (PNN) ZARZ2 L7z, TERODANNE TR Y | BURAPNNIZIER DOIEMALBER &2 9. A7 —
ZTKET B IFMIEEIR ATV, T ORI ZZ N T2 2 L2k 56, 295 LTHAIT
U o AR IR SR RE A R L. IR TR TR D A CEYET 5 B4 =PNN
AR ATV, @WIERR, BB O T4 O1LLF OBIE, 228453 D1OTEETET) D FZFEIT AL
Wiz, BOEDO I B HREEE LT, REMAICL I NBHRER Y NT—2 [T]R°F v 7Ly b
ka2l amit Lz, AT, 2O b0 2, v Fy I EEFLE E
BRIZAE K N5 12 DIEBH A2 FB T 5,

AHBFZEI%, JST CREST (JPMJCRI5N4, JPMICR21C3) . AHfFE (JP23H01885) MBIk A 3% 1) T

BTN,
[1] K. Kitayama, et al., APL Photonics 4, 090901 [5] X.Y. Xu, et al., Nature 589, 44 (2021).
(2019) [6] G. Cong, et al., Nature Communications 13,
[2] Y. Shen, et al., Nature Photonics 11, 441 (2017) 3261 (2022).
[3] K. Ikeda, et al., ECOC2023, [7] G. Cong, et al., OFC2023, W3G.2.
DOI: 10.1049/icp.2023.1856. [8] G. Cong, et al., APL Photonics 9, 056110
[4] Y. Chen, et al., Nature 623, 48 (2023). (2024).
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BIEDIERUILD L ZHoTWD~ A 7 a7 at vy VEIIEREE T 1 AFNE oL L
e 7 b=/ 2A%&HEHEL LTS, 7+ b=y ara—7T 4 71BN TH, 2TOMWL
HAENALT 52 LIXNEETH Y, HIEERECZAEEKIIT= L7 br =7 AEFEL TWD,
LEROMAITKEEREDO—D L F R D,

T+ R R LY ha=g ADA U F—T = — AW OV TIT TR ITHISEBI A3 T A
TWD STV 2T, BT, Bz, @A 2Aa—72A0WCHESZ2 —Bitsk L, B,
W OFHEMK ECT — B EITHI R ELTWD, ZOFTTA VN EL T4 4k VTV
S A LMET D 2 LIRS TEEZD, WEOT VKX IVEIE T OMBIXEHEE B2 R O KR
IS % 723> 0> DEMUX [m1# & 8] LSI PR AL AT REZe LSI (FPGA) DFfAAHE L 720 i
DTEWIARXA SBUETHLIET TR, A=V T 120 & LI AT LE L TOERE
RMEMEERT L7 br =7 X o THE S 4, SO A Y » M EHEIZ LRy,

77, WRMEREZ HIE L7+ b=y /7 avba—TF 4 0 70—RBE2HI T LY han=2r 2|2
L DEFUEFERCE TR E LT, ko7 VX VAR~ A 7 a7 aty Oz X—R L
U728 T, FERITHENR R E S 220, WHEREIEROUILEE - ZhROBBENBHE/ L T
HETRIND, iU, EARMICHERE 2 HRICRERMICLEEL TWD Z LICRIE L, 76k
DT VENFMENIR DT Il T —X%7 7 F X THRRTLOILERH 5,

JEEMAICB T 5 20X ) iR EE RIS 5 O OHZERE O Atk s LT, @l e J1E
AR KOV R B E(E O 7= ORISR L C X I E T 2 IS BT 2 Z L3 ETh B, R
BIZHWOND T v VRAEDOHRTOT Fa TR EAHITIER L, DienE A
REA BT 5 Z LT, BIEMRRBIRBECIHEE ) Caie & mBtEoEHR L BHfs 2 LT
b, ZO, THIuZEEOEMNLAEL L RHEE E, X65%) LIMBHEEZTFAEL,
te LAEMANCIEH T2 2 ENEEND, ZNICE - T, IREMRNRT VX VLB TS S 7
WEARZRALER & @il 2 EBL L TV ST EREETH D,

DX DM OF L LT, ARBTIIL—F =0 BERIND B A ARERS % F 723
YT 4y MY NSV AT MBI LY ar T a SERRRIE G & EoRT,

HEE ABERONEO L, BUFEANREEM CREST (JPMICR17N2)3 X OVA AFIi R 7
A2 (22HO05197) D BIAKIT X %, 2023 4RI 20 S v 7z UK T - BOlfa s 0 ZFRE G L £ 9
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N LHRED BRI R E BT D3 2 2 MOWBEENDELIML TN,
o, B EOERERELT D00 EOFE 2 2 MW E N OREIL, B S
bo, T, PEEOEMEBIRORABERINTEY (L—T7 DEOKE), VU a8
PRI D 2 7= el B N— RO = 73R <SR b TV 5 [1],

Z TR, bW ar ¥ a—7 ¢ UV EINOMIZERNITER AATON TR Y | LiRET
Hoav—Lry Vv T~y BRIV —R—arta—7 7 S8 L EakEi
ELE AWk 2 R FREDREIN TV D[L2], FRZ, BCKICBIT 52X F v —REOHERES,
EERFS - HNFRTOV U RY T ARBEREATH S, £, kT2 Ea—T7 47
BT 2 KM 7 er=7 MbtsShTRY . ENTHRFIIEE FINE a8 (A) 2 2022
ENGRMBL TSR], 20X, Harva—T7 4 o 7T A HEEMEFENARICE £ -

TWd,
EEYEZANE LI ta s YV a—T 0 7 Tld, EEFEOITH « X7 MVEMEE AT

TOFETHLMA, . KV F—R—ara—TF 1 L VICRBENDHT-EWFE 7 L —
DT — I RN L, %< ORFFREENIE SN THD[2L, Y F—nR—ar ta—TF ¢ 3%
HEREGTHHEVIFERHY | HE X POHBETRLF—DRESNTy Varta—
T4 T ~DISHBHIR STV D,

KR VRDT LTI, Bl a s Ba—7 4 7 OFe. A~ TR e & 4
wm L, SH%ONa L Ea—T 4 T DL DR EEY BT,

2% 3R
[1] K. Kitayama, et al., APL Photonics 4, 090901 (2019).
[2] B, NEES, <L) F—N—ar B a—TF 4 7 —FHE L g2 — » k37 AR (2024),

[38] JEDOMBRRIERER £ 7 4 b=y 7 av B a—TF o7, BEERIEE:, FIE SR 7E(A)
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[4] Y. Shen, et al., Nature Photonics 11, 441 (2017).
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KR 24E Orbital Lasers (3, BEALZZAFZERT & A A7 /3—ISAT #RUAtEIC X 2 R SERR R O 5
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JSHNCET BF2eBI R 2 EM L, LIS —F —IC LD AR=RF T U BRE[LARERE T A & —
2 K HiERBLIIO E ML - A AE BIEEL TV 5,

ANR—=RAF 7Y Lk, HEROFEIE L2 mE CEE L TV D RER AN TR GERAEKZ T
ANTHERESHE L ATHE, b EFasry b EBARY) THhY, ZhE TEAEMO—i&%
28 TND(HL), A%OFTH RIFICBWTHiT- 2T 7 U RBAEZ AT 25 & LThH, Fifirl
REZ2 FHBIFE D2 I ITEIE FICdH B AR_R—2AF 7 U &47% 200 EI2b 7> THAE 5 ML s
L2 57202 E3 NASA IZ L » THEE STV 53],

AEH CIIATHE IR I N L —F —IC L D A=A T TV BREHETOMmIc, AN TH2EIC
Pl S vt b— Y — & FIW TR T A FHAIT 2 @ EERH T A 2 —ELAlr (B 2B L THAEN T 5,

©SKY Perfect JSAT

Fig 1. Image of increasing space debris in orbit. Fig 2. Illustrations of (a) space debris removal by laser
ablation and (b) earth observation by satellite-borne laser
altimeter.

[FEE] ARROBRILA B/ 8=ISAT FREHT 7V AT v v = 7 b B LR ITH 2 L 8iaE
HE A b — =BT R T — A e FHIEEARBEE 7 — &, Bt P B T — 40 JAXA
J-SPARC. 4ty BRY: MR « FHAMERIL 7 L —7 | JUNKT: IEHFRED A =Dl )
WX ViThbivE Lz, 2 ZICESHLB L BiFE9,

[1] K. Tsuno, et al., Opt. express, 28(18), 25723 (2020). [2] K. Tsuno, et al., Appl. Phys. A 128, 932 (2022).
[3] J.-C. Liou, Progress in Propulsion Physics 4, 735 (2013).
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4.C.Phipps et al. :J of Applied Physics, 0021-8979 (2017)122

IR - AT PA TR T 23 SEhE 3 5 B PRFEEAN AT ST HEE R JPJ004596 D X2 %% 1T 7=
HDTh B,
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SBEEOHEI R TL— 3 VEREMO ZHN
Introduction of the fundamental technology of optical communications used in satellite
constellations.
FOEILAR—ZR1 Offff ZK!
Axelspace. !, °Ryota Kadowakit

E-mail: kadowaki@axelspace.com

FHICB T 5 HHZERDEEE (Free-space optical communication, FSOC) 1%, < D@ khe ) & &%
2 VT 4 DOEEINE KR OFEBREHNFE LTER STV E 9, FSOC Hifffid, #i & A THE,
FFIATLEER L2 &SECHSTZOICFIH I, B2 HWZ@BEICHT 2EERIFEOAY v b
LV ETN, —HTAY v b THHAHIRMMED R ICZEM CTOREFEITHIN T 5 HE & fRik3 2 25
BHYET,

UTAE, HIER & O FEENNTV Y LEO (Low Earth Orbit) #LiED AN TR OTEENEEIM L TW\EJ, LEO
LUE ORTREIT, HIERD O AT WEEBEICALE T 5720 BIER D72 < Bl TOT — X #1503 AT AR
T9, —H T, LEO #E (EHUERE) ITHERICGTWEEZEE L TWA 72D, 1 DORENERED
Ml 2 B R—CEBREHBRRELNTWET, 207, BHOBELa L AT —va b LTRE
THZLETINEMET HRLEDRENTWET, BRTHIEHOHEORELITH LT =2 X F &K
TEWCHIK S 272012, IR DOIERNEATHET, =720, #HEO/NYLIZEW, B S 5%
FRDOY A ARLEIIHT HERDEE L 2o TWET, H¥tETiE, NEDO o7y =2 MIEBWT,
AN R A~ B B ZE RSB AR O K OVE OFFEAEE L TV ET,

IR RICHEET 2 L VWO BLR T, HEEmMARORE I LEE, BHENEERBEL 25T
WET, Fio, ALHERRSCH EE DBEOWTIZENWT O REBIOEE L R 5720, EERSZ
BT & bET 2T A ANEFHRREM O BEREHE RV ET, 74+ h=7 AR ETEHT
% Z LT, INETEIRN N T A A F L OYEHE RS OB AU S H o/ NV BRI T 5 2
ENARRICAR D £, BINEOEREOBEM 2R L ot@EmRoRR 2 W& L, e ofE
Téi‘éi_ BUAR~OERMEFELBIR, e Y2y MBS RBEMRKOBE N TR EE2 RN TER

Eﬂl/\i—g’*
GEO#E "
% —
S [ o
WSS AT o § REE CE R, w5,
\ LEQMSERE 12 AFL—20 # & k%n‘w Lo
: \ WHRNEE
ey
- ._____,.% :
'URE '
- S 1
ik A
o 3 r i HEENE
IS RFﬂJJ:% e
ﬂﬁ ‘lﬁ: i? :li - | 5\{“..!:3 | ) | | I bR b2 =7
o I~ AR R A ‘ Intenet  —— T RI-U
- o LEOMBISEE 1 VAT LA | |
E o EEEL AT : L
FUhoep |y s BRTEE | GE7—Y oy
OBERRE e GEOBIZTRT A FA—h
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74 b=y BBV ZAVETFHBOBMATEDRE
Proposal for Measuring Spacecraft Potential Using a Photonic Charge Detection Sensor
KERAKBEL!, ATKRRL 2 ELH CXEER' BRS' JekEA 2 FHkFd 3
Z/HMsh 2, =AM
Osaka Met. Univ.!, Kyushu Institute of Technology. 2, AIST.3, ®K. Otsuka ', T. Higashiguchi !,
R. Hojo 2, K. Kikunaga 3, K. Toyoda ? and Y. Takahashi !
E-mail: si23040s@st.omu.ac.jp

Fiw Hxld. vV ar s b=y rflidd O Z2HER AN 278 L T 7[1-3], 2o
Bt omoOwEmAE e LT, FHEOHEXMBEICERZ Y TTWD, MEKTFOFTHEZEMICIE
B LHA A BAEL, NLEEREDOTFHEREE 2 HEISE D, ZOWHEICEY ., FTHEE
& FHZEM & OICEMEZNE T D Z L2 ESD (HESLE) ORKFE 254, ZOEMEL
TS Z L3, T ESD i AL T OICEETH L, FHEOBMEZRTL L
FEEL <. RONFHAT —Z LIMEEL 72V,

AflEl, Fex IZEZENICBIT 27 4 b=y 7 SR K 2Bz s L[5, 7+ b
=y 7FERmICEALICEFRS, HREF Y U TRIIZE > TEEZRINT 288 Z2FH L Tnd, &
ZEHCTORBAERITRET LD b SN A EN T & DR S 4L, FHUEEED & HBUR#RS° ESD (258
We, FHZERTOFRMIAETH L, SB, 207+ b=y 7FEEL - EZMMAL T, Tl
BEDEN ZFHAITE 2 REEZ L L7z 0 Tl 5,

EBRF - R 1@NCFEBRRZRT, HET ¥ o NA—HNICREINEF2—T7 %y MO
MECE VTP 2 — VBRI, Bt (A== Ix vyt ¥ A 4 —F:SLD) DA
WEBEEORY B LIZT 74 37 4 — RAL—ZHNTIT, By 7 A 07 v 7 Tl
A U7z, EBRITER, H22E 7 X 100-4Pa GE7' 7 A~ 34R) TITo 7o, FH2EM TFH
BT RE L7RBUE, BE2ETF v A= NI Xe 7T A B FASERET, £V 2 — VERDOE
MLaZbSE5Z & THEBLLE, M 1b)E, EROEME 0V~-250V (i) OfiFF T LS
T BROZE TR DRI L2 R LTV D, BEEHEIL, Y2 — VB AICHEET 212 EHEE
L. OVIZEDIZONTEIE L, ZORERIE, 74+ b=y 7HEt RN FHEEOEM 25T
L LHEFRBLTWD, BANEAT HAD=A L7 L FEMITYE BRET 2,

[B#E] AHF721% IST-START, BHFE O EEZITT-.

[Z2E3C#R] [11S. Yasuda, et al., Opt. Express 29, 16228 (2021). [2] Y. Takahashi, et al., Opt. Express 30, 10694
(2022). [3] M. Fujimoto, et al., Opt. Continuum 2, 349 (2023). [4] K. Toyoda, et al., IEEE T. Plasma Sci. 36,
2413 (2008). [5] KEFEE %, fth, 2024 FHKEFISWi#FES, 24p-11E-6.

(a) (b)
Signal_T'( ock-in amplifier Reference
= e~ 0

. Photodiode S5 020
Xe plasma emitter & - 50 @
2 019 2
A 2 - 100 S
g 2
£ o018+ =
Polarizerl o b= -150 g
9] =
-*E 0.17 = o
- 200 2=
2 S

© 0.16 =

0 500 1000 1500 2000
Time (s)

1U cubesat Photonic plasma sensor

Fig. 1. (a) Experimental system for charged particles in the vacuum. (b) Temporal change in intensity of light
transmitted through the module when the potential of the module is varied with Xe plasma being generated.
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WERMBEOETER L 7+ L= AF{f
Latest trends in inter-satellite optical communication and photonics technology
EHER @R CRO EN, BE CF
MitsubishiElectric Corp., °Eisuke Haraguchi, Hitomi Ono

E-mail: Haraguchi.Eisuke@cw.Mitsubishielectric.co.jp

W, BB REORFET — X BREOTRMNG, /I - RIHETE ) TR R il e e 2 M
WiB(E 2 W T — 2 PRk R S AT LA OBMENERMN, KE, BASKETED A TWDS. HE
MYEIE S AT DIREROBIRIC L D1E & bR, VR E, FREGRHFEAARE L o7
RS EET D, A%, F2EEEE O HERIZAA Y, LEO(Low Earth Orbit)-GEO(Geostationary
Earth Orbit)[f] D7 — & k7215 T 722 <, A & HiEKEE, LEO =2 > A7 L — 3 3 » OFHiI 72515,
BE-MEE TORBEMLEL VST ENEZLNS. TAEICKBIT 2 FHZEM TOXBEE I
013 R SRR S S HE S M7= Hi Al SRR ETS-VI(Engineering Test Satellite - V)2 T 1994 4£(2
ST 6O THT R - [A] 1 Mbps =258 CIZGE S 4U[1], 2006 4712 X E 22 [ lE R R =
507 RN RS (ESA) D FEiFfT A “ARTEMIS” & o [ TSI 0 S5 16148 52 [l G @AE 12 Ak
HLTWA[2]. ITETIE, 83 1L — b 2.5 Gbps DMERE & A4 5 Jefir £ ME{E 2 2 7 A (LUCAS) A
2020 FIZHT B EF s T s, HARMICIZLEO 2 AT L— 3 v &2 H#EtEd 5 starlink (28T
200 Gbps @ LEO-LEO f 2G5 2 Bigd 70 &, Hi L Y6iE(E OBATE H<CH 5 3 & # L oM
D 5TV A[3].

BRMYCBEZFZRT 5084 — I T VOB EX 2K 1ITRT. ey — Ik, FHEZEM
WX L CHDEZEZATVIRORIRIBRZIT O T 77, EENOMBLITO T 7, #E
HDEFRLZIZ NN D DEREAT O HET &, ¥ —I T AEBEKREHET 5% — I F il =
R BRSNS, FHZEMICBIT 2 EELHM ETONT 7 A NBEORD KE B2 ST
WEMATEIET 7 A NTER SN T RWEICH D, D7, FHERDEEE O EHI AT 723
SRR IO B EMEMOMILBREMCOET T, F—I b= b)), @EKE Gk
ZIREEMCEET L), O 2B SRR &) CREBMIET 2 EHEEEMNCET 7)) Th 5.

FHETIE, HERDLEIE OB CH R BB ICEH TR 7 + b =27 ZEIRIZ OV TR

~ND.
] ARl Y
5-3F) ~ =
EEL —
v
PAT
D [
BETF— i3
4_T_> 474 d ‘ BN o =
e 0 N 1 miER :
> - KB %]
Fowntd ‘74. PATt)b‘—lA = Limgn ~=
I (£ 4=%, 53EIPD) i =J—
A
) ATHIEMES
PAT: Pointing Acquisition and Tracking
(¥5m)- - BRE)
B 1 HEGEE 2 — I T ORE RN X
(25 3Lik]
[1] 7% KR & — fth, W (3 & & HF %8 77 & # , vol.43 No3, pp.493-520, 1997 4 9 A

[2] WEF B fh, HAMIZETH 256, 2007, 55 %, 637 7, p.37-42
[3] Travis R. Brashears, Proc. SPIE 12877, Free-Space Laser Communications XXXVI, 1287702, 2024
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w2t LRYBEEORIFER & ARFORE LB

Satellite-Ground Optical Communications and Stabilization of Laser Irradiation
HBXEE =SUEX
Tokai Univ., School of Information and Telecommunication Engineering, Yoshihisa Takayama
E-mail: yoshihisa.takayama@tokai.ac.jp
1. IZL®HIZ
1990 FRHBEE TICES b OFERN B LU E — M LR OGBE 2 S v, TF13
100Gbps 2 2 % i E@{5 <0 2 i 2600 /7 km i 2 % REREE@E 12 L T2 9, K Tl
2 LR OYGBEITE B LEHER BN & RO D T ~DOxRIZHOVW TR~ 5,
2. REOFERERTED E~O%IE
HE - EREONEE TR, RERELENEL D, BE LTEZEDOOOXER % Fig. 1
(2”7, Fig. 1@UIIMECFIC L 2WEMETH L, ZNETICHZOMRITIRINTNDN, &
ITOREE L LTIE 2022 45, NASA @ TeraByte Infrared Delivery (TBIRD) program [Z 35\ CHiL E/&IZ
RE S, ARBUERTE DS D 200Gbps 55 %22 v FIVE— R 7 7 A N~ A L=, £7- Fig.1(b)
I A ERDOZEME— NIRRT 2 HETHY . HE— NS T L3 7 VE—RT7 7
A NNEAN LT Z HREET 2 Y — 7 EEMA~EH LBEHAFL2LE L TR 2 5i5% Fig2

L:i—\“g‘o Flg 2(&)&i£”;’%% k &j: Qformable mlrror g N .
WP OEIRIC Lo TR (( | S = B &
= 2 P
LEICELWHEEELNET S T [Wavefront 'H—'% 8 ET
> ) T
(LR AR 70 A AR B 7K, sensor 8 T«
Fig.2 (b)I&mv 22/ & 5 % & Iik;l SMFs
DREEET B HETHD, & @ ®)
' - Fig. | For reception, (a) wavefront compensation and
72 Fig. 2 (0)iF, THETORE (b) modal decomposition.

e E 24T O M BRI
SNTHIET, BV LR

A
“d_a.
1
4=~
1
I,
-)/U
<]
§
[~
=X
o
3
3
=]
ﬂ

WO KA IR IR T B SN A

BT DR L L Tid. NASA NG| Wavefront (b)

JPL Yt FRICER I S, @: ST |ﬁ

52 Psyche |2 10 AD L —Hfri%k ©

2ATH 2 LI K D@IEFERIC (a)

K LT 3. Fig. 2 For transmission, (a) wavefront manipulation, (b) higher

modes, and (¢) multiple beams
1)  H. Kaushal, et al., [EEE Commun.

Surv. Tutor., 19, 57-96, 2017.
2)  C. M. Schieler, et al., Proc. SPIE 12413, 1241302, 2023.
3)  https://www.nasa.gov/missions/psyche-mission/nasas-optical-comms-demo-transmits-data-over-140-million-miles/
4)  A.Billaud, et al., Proc. IEEE ICSOS, 85-92, 2022.
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KT /1A ADRRLZFEHEEEZE1T S CubeSat DELFiT
Technology of CubeSat for rapid demonstration of Optical device
BHKE FHEH
University of Fukui, Yoshihide Aoyanagi

E-mail: aoyanagi@u-fukui.ac.jp

FHPAZE « MBI T, TR/MTR ) R 10em S2 5% 1 B (1U, #9 1kg) &%
CubeSat(F = — 74 v MICIEABEE > T D, TEROKAL - PRI, B b ~EH kg O
EThY, ZDIFEAENEFEDHEThH T, £lo, B 70N T EELE A — 03B L.
IRONIZA%BFIAL T, ZORE —E S0, ERECH kg LA OB/ NU# R 0%
T D, B/ - CubeSat OFLSIE, K= A b - FHABIS - Hedoiiod RA T 2 B0 A0
WRENRDT B, TR FHEE~OFHSAOBEL T 2LE 25, 1ERO NI
BlIL, —mbOTHY | FARIITEFEMZETL200081E L A ETH o7, THUIx LT, CubeSat
(X, AR A RIS T OMS L H Y . ETRRITEA ~2 FRETARTH D, F I
TR L SN TV D DR Z WD, kkx 72 A —1 7% CubeSat Hi it D THEHIZS A Ligh T
o ZDEIREFOL L TEFAF— T v T REOBANHR E L < CubeSat D& FERE,
BEHU EOREEZ AW — A Z BT EENELE L CVE TS,

FH RN HI6T A ZAOTEHIE, HERBLHZ: E Ot oo o FEAfrOH RATR R - R
MICBIT DB EHIR R ERHIT b D, 2T A 20 LIZERELNEDORH Y |
#t B CHERE - AR S Bdfr e, £ E EFFHER TS5 Z & T, ANLTHEEOHM
FHRNCORN D Z ERMIREEND, L LR D, ZOXIBRFHT A 2%, NLHEZICHER
T HIDITIE, B - EZEREE T, HURRREREE 72 & O 2 FH BRI 2 5583 Th D LEMN
HY ., BIZFHTEMNATLH7-DICITFH COMEFRENBEE L 2D, EROBRIGET 7k X
T, BFE~THFEOHMBLEL 720 | BEImROAT A AOFHIZLGENE Lo 7z, AT
%F LT, CubeSat DHLEITH DA ~2 FFEE THRER 7=, BV A 7 L TCOFHEIENFTRETH
Do Flo, BHOFEGES - = —F =DMV T 5~ 1TF I v a LD CubeSat 1T#EE D —
BOERD) ICKBIANTRETH Y, BB OB A MERMER S, TH EFEED
HRCEE(ED T Z LW S D, 2D X 57 CubeSat DHFAAZFIATHZ LIk, R
WA IEI DT NA ADFHEFEZITH) LN TE S, BHFERFELZELTF— L TIL,
3U-CubeSat DFEAEL X7 L L LT ITRICOM-2 232 | ZRFE L TR, Thia s Z &I
KV BR& TR SE0T A ADOFHFEFEEZ T > TE T2, FITIE, 1U-CubeSat [A]1F OIEAES 27 L DBR
FEHITV, SBFH CTOIILFHE L TS, AFEETIL, 20X 572 CubeSat DA AR
T5EEBIT, EE LTEODOEEDENHENE21T 9,
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PR AT QY Y 2 7 HRERICE 2 5 RIB RO FHi
Evaluation of absorption loss in high-Q Si nanocavities induced by neutron irradiation
KERAKREL', BLEHMREFHCARS ', RERF’. BRS', XEER' SE#'
Osaka Met. Univ.!, Institute of Physical and Chemical Research.? ° A. Ishihara!, Y. Okuno?, W.
Takahama!, K. Otsuka!, and Y. Takahashi!

E-mail: sj24832s@st.omu.ac.jp

By HUE, A TEENERVERS T —2 B3RS TR, 4% I3 SN TITH M L %,
B NF —TEdH bl QUK ZENEELRS. Z07-0, #i EpEE TR S Wb arhory
— i, N THEREISHTAZENBFEN TWA[L]. FH 22 BICIE S =R X — O S SR 7
TELTHY, N THEICHEESII G R T SARTER L KT ZENMBL TSR], v Uar T
AR=I AZAEFHZEM TR 572010, ZOBEHBRIHEZ O THZENMEEL/25.

Fox 1, CMOS HHa7 mv A CRE/FERSN - Y arF /7 IR B W, S O fif 300 LI EA
L TWA[3]. ZOX57e@my Q lEA T 5 Uy IR ISR A RN 3 5&, RBIAIZE D/
SR DEE NN % E BB AL D2 ENTES. ZNETICHIFIE L TH Y~ BB 5 00 5 84 4
HUT[4]. A Bl P TRRIEE R O T/ HHERC G 2 DR RO K2 L 7= THiiE 375,
EBRFI - fER LZEBRICH Wz~ VT~ T afid ) /3R Z2 R 7. ERIZIZ 2 2 OF v 7 A,
BEZHELT, UTD 3 S>OFIATED . OF 7 A, BEZNZIUIDWT 1L HOT V= F 2 RS
D QEERIE. @F 7 A O FFPEF-HEIR S (4.28x 100 particle/cm?: BEAF RANS-II Zf FH[5]) . @
A, 7 A, BO QEEARIE. v 7 BIREROD, HiEF2RBEELZ. K 21E, Fv7 AD
O EDOWUERE R THD. THEF RO RITIT QD TR RSNz, F>7 A, BD Qffi%x
F LITEEDT. QuelF 1 EDOIIRZRO FEIfEZ R T FHEFREREIL TR T YT B Qe 25 F
RO TNDHOIE, FEIRGEIZAE RERRILDRINTHD. 2 2OF v 72X LT 1/ Qoss= 1/ Qave after— 1/
Ouve vefore DEMERE VT Quoss ZFHHELTZ. 2 2DF VT TID 1/ Qross DZEIE, 7.05 x 108 (Qloss = 1.41 x
107) To%. ZAIVRAH BRI Lo TAEUTERIHR R EE 2 HivD. WINARBU IR T 2840 1.42 x
102 em™! THD. F—E U 7DD TR V& O T/ R 2 W ARE R RIZL, 5 %OF M
AL T b= g AFHB T BRI A 5 2 D LS.

BEE AAFZEIXREFE (21HO01373) X OV JST-START OB % 5% 1) 7=.

ZEZCER [1] M. Dun, et al., Sci. Adv. 10, eadi9171 (2024). [2] K. Toyoda, et al., IEEE T. Plasma Sci. 36,
2413 (2008). [3] M. Katsura, et al., Opt. Express 31, 37993 (2023). [4] KWK+, i, L —H—54 2023,
F01-19a-XI1-03. [5] T. Kobayashi, et al., Nucl. Instrum. Meth. A, 994, 165091 (2021).

415 nm 415 nm

410 nm i 420 nm 410 nm 1 ® Before irradiation
— - — — ] O After irradiation
0 0 0 OITIOIIOKIO © O O 63 .
00000 YOO OO0 00 4x10° 3 .
O O © OIO0) OO0 00O j o .
0 0 0 OIIOERIOTIO OO0 O I . .
y O O O OO ] ¢, . o
0 0 0 OPIVEIIOIO 00O 3 ° .
0000 KX o oYeYeYoYeo) 3
X ' g, . ¢
2 o ©
Fig. 1. Schematic of heterostructure nanocavity. E o © °
Table 1. Summary of experimental results. | ?
Qave,hefore Qave_after Gass ]
[million] [million] [million] ]
Chip A w/ neutron 3.08 231 9.31 o -
irradiation 2 4 6 8 10
. Cavity number
Chip B w/o
neutron irradiation 3.23 2.89 27.1 Fig. 2. Q values of chip A for before and after irradiation.
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16p-A23-1 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

TLTUOHSL - ITEZFI—
Martensite Epitaxy
(#F)Gaianixx!, WAL °KE @B W #S' A7 R HE > TE A’
Gaianixx Inc', Univ. of Tokyo %, °Takeshi Kijima'?, Masashi Seki', Isao Kimura', Hitoshi Tabata?
and Kento Nakao'

E-mail: kijima@gaianixx.com

Fxlx, 2777 nr—Tho =T %A F -2 XX —0ME) ] ZHWT, (ERIE
Wk L SN TE s comin B iRt [Zhetke M HEZr0, (HZ0) | 12X 2 [E#h1
WF~yF 7] TaREL Lo, THE TICERME PRI Z AV 2 ME (2 X - T, A FEEEENR

(FEEMEE SRAMEH LAY RMEE) %2 8 1 »F Si(100) Bt BT, 2hEh
HiRE SR b A 928 L 7= (Tablel)

Tablel D#fERIL, SFEMEREM 2 HfE AL S1 R BIC~AT X & v Lk S ¥ BRI,
W#E ORI HZ0 Rtk PR E N> 7 7 B & L THBGAT 721 TR LTz, £D AT =R 4
T TV 3 VR E BRI S ORICAFEET D F I A~ Yy FIC KD U = BN A U7z
SIBRS I~ VT oA b (MS) BREDADOTEB IR E 720 | EOFENE AT HIET RIS
Figurel @ X 5 IZZHEMEH IR G D MERBL MS #5079 5 Z & T, v U 2 U HpR D B4t Bk
pPEAN, £ O F ERERERICERT S, R RBEMERESE LT Xy VET 52 &M
Bk, ZOZMEEFREZ AN ME O EX XUy VR EA N = X L2211, <L
TUHA PEEX X —LREATN D, T OFERAG DAV BURSAEREN X, TR & 13 —# 2 i
FEEZ R Uiz, Bl2E, 2 E TICA o7z 100nm-PZT HIEOSA1E, & Th K& 727k
Sy RAE P,=100 u C/cm® 79~ & [FAIRFIEBAR U — 7 B 1072 A/em® 26 LTV,

,_Intensity (arb. unit)
8

55 60 65 70

35 40 45 50
26 (deg.)

(c) Model of slip-twin martensite dislocation

(a) HZO on Si(100) (b) HZO after func wth

Figurel STEM images and slip twin model diagram of HZO before and after martensitic epitaxy

tional film gro

i - i BFHEI> B S SR HERR R
Tablel Single-Crystal Overview - TR O S |
EE S@AR piezoelectric Thin Film
#24%} material Pb(Zr,Ti)O5 BaTiO3 BiFeO3 (K.Na)NbO; LiNbO3 LiTaO5 AEFIAIN
slngmgllne O O O O O O O
I8 D —2
Power Semiconductor Oxidized Semiconductor Single-Crystal Substrate
A%} material GaN 4H-SiC 1GZO InO, Sapphire Quartz MgO
s,,,;,';?,;"g,,ne O poly ongoing (@) ongoing ongoing (@)
BB Metal

F48} material Pt SuUs Ag Cu Al Mo&W110 FeNi
LR O O O ) o O O
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ARYBR YU TERTOERIZLD
Si LRFEARIEZIF v ILX v O 2DRA
Formation of Ferroelectric Epitaxial Capacitors on Si by Sputtering Process
RAXI, & X
Osaka Metro. Univ., T. Yoshimura

E-mail: yoshimura@omu.ac.jp

N T AT A N REFEROEEBREIL, BOSSE TR EZ R OZ e bt Tng, 4
MOEHRNE T 5 LI ICEREZHINT A Z E CREREBICEEFELTHIENTE, ZOTE
ERAAS 2o =T ) o 7FEEMHIND[L], MW EERMEZ R OB SR T I v 7 X%
BRI T D70 DREAIREHTHY | BIEDL OJEE MEMS 734 AT, — Rk E&FIH L
TA00)EL AR S 7= PZT #IEAFHA SN TWAH[2], & 525 EEHMEOm B2 LT, Si
ECHMFBEREREZ X U v LR E SERANEIT O TE 7, 2011 FlICHE Sz
(100)PMN-PT FEE[3] 722 ENREFI TH DN, TNETOREDIFLEA LTSI Loy &%
YL 7 7 I SITIOs R° YSZ 72 E DAL v 50T 5 [4], Si F il DRk [ >,
ALl — B2 o v LRE S 5720121 MBE RE 285 % Ol B 4SRN T & 7
%o MEMS HOBFHEEERMERII I AT NES LIEA Ry ZIETIEREN D720, BFEICE
WTIEEAL—T > MEHIT D AEEMER S D, T 2 CTRIFETIE, Ny 7 7 B 5 ik B AR
FTITRCFE—DANRNy XHIEBEBNTREL, TEX v LR E S5 Z LI EAT,

ANy ZIETSI R EICTE XX Uy VR ESEL N TEIMELE LT, R THY
AN H D TIN IZE H L72[5], BB AERTO BN RF H 1D 7 1 & 2 & it 3%
Z & T, HmEEEE A H 7 < TTT(L00)Si FMR EIZ(100)TIN Z= ¥ F o v LR TE 5 XL 9

272 o7, TIN ZEEWE CTH LN, 0 LICHEERCYHFHERZ KT 2 & TIN 235872
7o, N T & R A AT (100)Pt & SR L 7= 1% FEERTREE IR Th D BiFeOs Rk E S
720 ZORFRTAN Y ZIEO I % VT Si b EIZ(100)BiFeOs # X v v VkE S5 Z &
TIXRE L7y, BEDOFIEE S WO BIBES A Ule, JeATHFZE[S] Tl Pt EARZ 500nm ([ZHINS 5
Z & CHIBEA BT W23 ARIFSE TIRE ST OE AT LV 100nm @ Pt AR C & HIBED [ % fiF
9D ENTER, K124 547-(100)BiFeOs/(100)Pt/(100) TiN/(100)Si #iEDFELD X #io A
¥ v K AT, (100)Si (2% LT Cube-on-Cube ®RH4%T(100)BiFeO3 28 = B % %o ¥ /L L
TWBHZ ENbnd, £7- Pt EMLIC LaNiOs %D v
— FEZERT 52 & T, REMRLIFEDRER b M4 T T T T T T Bireoy 202 ]
HTEMNTET, WBETIL, BEBOEM, EHIRE l l l l 3
SO A REE N TEA S B a v e b U 7 LR p
BELOE OB O EE, TRIFERE, JEER
PAEOFEIR L, TEX X v LREOREIZON
Tl 9 Do

[FEEIAMFZE1E JST CREST(IPMICR20Q2) D 3 12 4 %%
o TiFbiE, : e
EETN
[1] S. E. Park et al., J. Appl. Phys., 82, 1804 (1997). Ml m - 0
[2] 1. Kanno, Jpn. J. Appl. Phys., 57, 040101 (2018). -100 0 100

¢ (deg.)
3] S.H. Baek, et al., Sci 334, 958 (2011). . .
[3] aek, et al, Scelence, 5ot (2011) Fig. 1. XRD ¢ scan profiles of

[4] Z. ZhOU, et al., Sens. Actuators A, 266, 352 (2017) (100)BIFEO3/(100)PU(100)TIN on (100)S|
[5] A. Sakurai, et al.,Jpn. J. Appl. Phys., 39, 5441 (2000). grown by all-sputtering process.
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ANRYREICEDSIi ERETIEAXL v )LPIT EEFED/ER
Sputtering deposition of epitaxial PZT thin films on Si substrates
BMEXI, KERAMZK?2 OMEFEKL J+v H$ob3! B4
Kobe Univ.1, Osaka Metro Univ. ?, °Isaku Kanno!, SangHyo Kweon?!, Goon Tan?

E-mail: kanno@mech.kobe-u.ac.jp

JERE 2 FV 72 MEMS 734 ZISHIZET 2 AFER R ANERIL L TV . mWEEER A
THHEBEDOEBNR KOON TS, BT 7 Fax—XIGHEZEE LGS, BUESHE
fl PZT SR EICHOW O TEY | 2 E T PZT EIROM AR 2 it S ¥ 5 2 & CIEBM
DA EBIOZEBK OGN TE Tz, —FH, XX v LRI/ LA N 5 18] Ok G il
B D 7o 8D, G AR & Ll U C o MG SO TN D i b SR S & e 0 A RO M B
FOWIET 2720 D0F 72T LD, ZNETTEH X /L PZT #EIT SrTiOz <> MgO 121X
RINDHTEZ X v VIR ERFICHO O TE 2 EF Si i Blc= v 4 % 2 v /L Pt &
% AR DEAN DS BPEAL S TR Y | FRICERE MEMS 0BFIZEBIT 5 = B X U v VB O A
ZERAFEER STV D,

WxlE, TNE TR ZETTEZ X v /L PZT @A ER L, ZDEEMEOR M A HE L
T& 7=, BRT, Z OB 7258 G IT L 7 PZT 0% fbde PZT Wil L K& K Ba-> TRy, &
A, TREEERE L OVEBREZ RN L7 LWISHA~O RIS STV 512, 20
il SRR B RS SN B 5 Tl 2 AV RE RS 3R U 7 A - & Si JERR RI/ERIL . 2 D
fEimiE R X ONEBMEIC W TRl 21T - 72[3,4], PZT A& B, XRD BLO'TEM (2L 5
SFTZ XY RONEANERIS I D720 7 MR E RE S R DHEMEHEEZ A L TND 2 &
Bk ot AR HEIRAA ORE G IL SV 7 BB B B LSRR ME RIS I T &
A% TS O Rl bR KOS & EEMEOBREZBA LNCT D 2 & T, HLWEE#ERST
NA AR D735 EHIFFS LD,

2 3CHRk
[1] E.-J. Kim, et al., Appl. Phys. Lett. 121 (2022)161901.
[2] S.-H. Kweon, et al,, Adv. Mater. Interfaces 2023, 2300634.
[3] G. Kimura, et al., Appl. Phys. Lett. 122 (2023) 122902
[4] Y. Sato, et al., J. Mat. Sci., 59 (2024) 8134
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VIWFIVEIZED SIEBRLEDIER2 XS %)L Po(Zr,Ti)O; BED /R & FEM
Fabrication and characterization of epitaxial PZT thin films on Si substrates
by sol-gel method
KRERAMK L, MFERL?CF (2Y) B (TF) ', # M2 M F5K2
Osaka Metro. Univ. 1, Kobe Univ.2, °G. Tan?, S. H. Kweon?, I. Kanno?

E-mail: tan@omu.ac.jp

PZT (F X vy /v 2 VERER) ICRBESNDIEBBMEHIE R 7 4 V2 — ENEr—0A
VIV by RIREDIEERET NA AL LTHRA REXDOEZ A FTIHINL TS, LA
PE, TR b O LI X ONEEMERRO W S 2B E S 25 & Si Bk b Totimih 7 mIZ Bl L 7z s
ERESELZENEMATH D, ARETIT, WY RBEE N X CREE T CRUBEA ATEE
YT NEZR FIWT, Si R b~ PZT [EBEEREO = 7 2 v LR, B XU O b,
JEERHEDOFHIIZ OWTHRE T 5, Ny 7 7 BT & Si & (1-PEX Piezo Solutions(f£)) iz, A E
v a—H—"TPZT YV IVERHR(ZZE~T U 7 OV(ER) &2 @A L=, & D, 300°C THEEE, 600°C
T =—N&fTolc, ZOLREAZ 10 B IRS Z & T, BREK 1 um O PZT(52/48) 1+ i %
VERL U 72, 112 PZT D EA 71 D XRD /8% — 3 L OVPZT 204 A1 D kg~~~ 7 (RSM)
ERT, THDLRERICK Y, cHEiFEICEA LT B X v L PZT HEAE 6N TS 2 L 05
RTERL, 2],

WIS, BT U R—JRIC L 0 WEBREZ( T > TR A2 K 2 1R d, RREEE 1705 30
B AL S TCEEBEREZNE Lz, Z2VOEEKRGFEIIRONTZLOD, B oI EETEE
les1i& 8.9~11.6 C/m? T, ANy # U U FIETER L= v & %2 v /L PZT #REICILET 5 K& 72

JEEEH AR LT,
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~ ] >
< QS B 1.05_| 8
n B cla # _ 12
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£ 2} g £
! = 2 100 O g
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£ E < = ]
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= o] 4-
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1 VA APETIERL LT Si R 10> PZT #I50> XRD s 2 G PZT RO

HIEDOFEF, B L OPZT 204 £ Dikk -~ ~ 7 (RSM). WL E DR
[Z% SUik]

[1] &t —fh, 55 69 [Es P P A A il < 25p-E305-15.
[2] G.Tan, S. H. Kweon and I. Kanno, Thin Solid Films 764, 139612 (2023).
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EXEEMRZHT 5 PIN-PT REHZRHEED
Si EIRE~ADIEA X vILEE
Epitaxial growth of PMN-PT-based single-crystal thin film
with giant piezoelectricity on Si substrate
ZHIEXRI OFA R&

Shibaura Institute of Technology, Shinya Yoshida
E-mail: syoshida@shibaura-it.ac.jp

£ MEMS 77 F 2 =— % OMWRERAZ T T 2572012, X By va iy (PZT) x5
EREENE (BHHEE) 24T 2@EALEEN TV D, Back i, 27C/m? &9 K& 72 e %
IRT~ TR A=A Tl - F X UHREY (PMN-PT) EfESERZ S L=, LasL, SidEtk E~o
StTiO; /Ny 7 7 JEORIEIZ 1L, D R XU RNHOWLNTEY , BEICHE L TS EIXE0EnN,

T THA IR, K EEMRICENRTZ Y 7 78 FICRIETREZY . EREBEMAEI O R 24T T
BHRL ZOEEMO o1k, 2SIV BEMAICB O CEREEM AR L2 Sm-PMN-PT (PMN-PT (Z Sm
%%bubf:%@) f%émo AlEl, ZoOEREEZ, THIRONy 7 7 JERUERE A St R RIZ ANy 2 HEFE
I, FOELEE M L 72,

FSORRFH FEAR L i KRYSTAL® Wafer (SRO/Pt/ZrO, on Si) Z 7=, A8y X HERBIZIIM AKX —7 v b
AW, Sm DHEE 2RO 2.5mol%I(ZEHE L, PMN & PT Ol /2t 285 L=, = Z Tl
FHECEE 2 PMN:PT =50:50 & L7= & X “Sm-PMN-50PT” & FHit T 5, AN X &b 2 KHb3 52 & T,
10 2 (279X 912, (100)/(00 ) ZHEESEELE L, 7 oflifera = 7 A4 A S 725 Sm-PMN-PT
WA O, 72, PMNPT Mkt 2 2 b & E7- & &0, XBRIEHT/Z — 2 ?D(100)/(001)D & — 27
PEIZOWTHE L, TORE, PTOEENRKENVE T, OO — 7 AL ENHIMEIZ T,

(K3), #L T, PT DEIEN 50%LL T2/ b &ERBAR E 72> 72, W 212, PMN:PT=50:50 f}iTiZ, €
N7 F baty JHEBERNS D AREEN R I N, &EIC, B TFLAR—EEHWT, i@ﬂ_ﬂﬁxﬁ%ﬂ
Blesi |2 HE LTz, ZOfER, Sm-PMN-50PT O DFERIZISUN T, Jesif =25 C/m? &\ LB R &
RIFEBTEEEHE LN, Sm OlRLKEELT DI LT, SHICKEREERLZAT HIEFELELND
"REMENH D, ZORIL, BB ER S TWAEEMEMS 77 Fax— 4 OMiEEZ S HicmESE S
D AREMEZ D T D,

[1] S. H. Bacek et al., Science, vol. 334, no. 6058, pp. 958-961, Nov. 2011.
[2] X. Qi, S. Yoshida, and S. Tanaka, IEEE Trans. Ultrason. Ferroelectr. Freq. Control, vol. 69, no. 5, pp. 1821-1828, 2022.
[3] F. Li et al., Science, vol. 364, no. 6437, pp. 264-268, Apr. 2019.

5000000 <> Sm-PMN-PT Perovskite phase|

(100)/(001)  (200)/(002) —Sm-PMN-50PT|
500000 | & @
> /PI
‘@ 50000 Si\ (400)/(004) Pt
g “H (300)/(003) . ®
£ 5000 r \ \' 0 0
L .
£ 500 (110)/(101)‘ FWHMoss\ ‘\ _ st
F= ZrOZ <
5 o WW W W
K] . £5L1/om

10 30 29 (deg) 110 Figure 2. (Left) TEM image of the Sm-PMN-50PT epitaxial
Figure 1. Typical XRD pattern of the Sm-PMN-PT thin thin film. (Right) Electron diffraction pattern around the green
film. This composition ratio is Sm-PMN-50PT. circle in the right-side image.
30
500000 | Sm-PMN-10PT
—Sm-PMN-33PT 25 ¢ )
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Figure 4. Dependency of the piezoelectric constant |ez; | on the
PMN:PT composition ratio.

Figure 3. Dependency of the XRD patterns around the
(100)/(001) peaks on the PMN:PT composition ratio.
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SCAIN B&L U LINDOs TEA XL ¥ LEEEED
BAW 27 1 LA G ADIK
Piezoelectric epitaxial thin films for BAW filter applications
BRSEHEET L, MEBHTBIZRAR 2 JST-CREST? °JST-FOREST*
OMMAREE 1234
Waseda Univ. },ZAIKEN 2,JST-CREST 3, JST-FOREST 4, “Takahiko Yanagitani®>3#

E-mail: yanagitani@waseda.jp

T XX L EBMEEIL, A~— N7 3 T O BAW 7 4 L2 SEHZBW T, R &E
D TWD, BURO TS D F 72 BAW 7 4 /L 213 FEF I EBL A O Z#E  AIN i (5 L < 1% ScAIN
) IRV SN TVWDR, ZEX XU v LRRICK D B 5 mtEb i lif s g, B
REIE, FEHEAR L O EREOBIC LY 7 (L& OAIRER X OMmE M m B 5
AREMEN DD, Atk 7 4 F OHHHE 5 GHz L EO @A~ BTV Z &R TRESR
THY, =&y WERIIE T ETZREMRERICH L TR > T EBbild, 7T
(ZAFZEBRFE L~ULClE, KD @iV Q il & BRI S FREL K2 4 WISZ S 572912, LiNbOs
BN 285 L7z BAW R OGS L TE Y . HiGRE~OMFiL R 2 5 b
RIS, X Xy LR A o 72 b O TIE, ¢ L 7] D LiNbOs I X ELEZI/E U 093 |
RIS A FR 5 N & <L BAW 7 L Z ISR 72\, 7SV 7 BRI A A AT A
T RO IE T Z 0 B0 L7 SRR IR L A AR D S CHEATH D, B2,
LiNbO3 & X < fBl7= 3528 BE M B T 4 A 45 SCAIN K T 1 Scd0% R — 7 B SIS S AR 58
RHLRERLDOTH, KR=25%E 4 Th 5 DI2x LT, X-cut @ LiNbO3 BAW IR+ Tl
40%3T\ N K2 VRS STV D L, E 72 SCAIN HEIEIIFREE S D Sca0% LIV T, SeREIC K

Bl & REOENRKE WK AL H D 5, LINDOs L SAW 7 4 L H BT ZALE TRE 2K
DENDTEY , BAW 7 4 L Z~OISHIZERRTN TH D, Raald, BUR v BigEdb o4
AAXREA L TIEHESTNDLEZATH D, X LTANy ZEAA 5 ScAIN 5L 8 A - F
TEENTINTEY | 5BV A ZPERE ARy ZRIEO F PR ERT D & RIS,

Z ZCAIZE TR, MG ORFEEFTREZM Y Z 252, Ay ZERAW A 7 AR E~D
¢ BiEA} LiNbOs, PbTiOs, MgZnO D=t X %o ¥ )Ll & OFEILR IS ICOW TR
%, FERTOL B HIE L oo R Z I - 7298 Th D, F I MEFEIITORIE T oy iz e
(Periodically polarization inverted piezoelectric films:P3F) % FHV 72 10 GHz 117 BAW 7 ¢ /L& BHFE D [H
TrYxy FROEM)BINLE ERoTED (L OMFEI V—7 RS AL TE T 5 8 LiNbO;,
PbTiOs. M@ZnO D R ECHRRFE, BAW FHEIZ DWW T HEET 5,

BE R

1. M. Gorisse et al., Proc. IFCS/EFTF 8856017 (2019)

2. M. Kadota and S. Tanaka, Proc. IEEE Ultrason. Symp., pp. 1-10 (2023).
3. M. Bousquet, et al., Proc. IEEE Ultrason. Symp., pp. 1-9 (2023).

4.Y. Shimizu and T. Yanagitani, Proc. IEEE Ultrason. Symp., pp. 1-4 (2023).
5. T. Yanagitani and M. Suzuki, Appl. Phys. Lett. 105, 122907 (2014).

6. Izhar et al., IEEE Electron. Device Lett. 44, 1196 (2023).

7.J. Kramer, et al., Proc. IEEE Ultrason. Symp., pp. 1-4 (2023).

8. A. Kochhar, et al., Proc. IEEE Ultrason. Symp., pp. 1-4 (2023).
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Bithr/ #BEEI >V &FALE
2BAEXNATY Y FHREYOATRENS
Potential Application of Semiconductors Hybrid Gas Sensor using Oxide
Nano-structures and Graphene
RIMWK' BRKEWD’BRAERT’ COFR #'7, W#E BT B B’ M EES
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Society 5.0 & X Z DV A /R—+ T 4 P H)L e AT L(CPS)D Il & 70 5 T A 5 34 A%,
ANEIDOMERIZE ENDMERRE DL AW E R /RE T A2 LT, EREAOFHF A, BHIRREIC
BIFL2HEERMEFFE 2> TND, ZOIHRE R D T, ARIREDDIRA T AT e T 53 kR AT
REIRH A H DB NROLN TN,

Fox O N—71%, M ELOE G2 E DBLENG, HIME 2B LT, &7 A A%
BLUETDEINICE BL, 7o ADOMBRAL, A L 7 ECHI - BERS HANT 2200 C& 7o, Fri, A4S
BT R(MODYEIZAE B U, BIBRMARIANR 2 FoRI 8B AT - BERS T2 7510 T, MoOy 7+ /i 7 L A & 1E
I D ENTED L2 Fo, AIRRARICE ENDIRNANZ VBT I VB EHETDH 2
LT, T /vy R7 LA ORISR, B, £72v— FEOBEZ BTEICHIET 5 Z & 2 AEE
Th o ¥, o, 2O S () vy RT7 LA)ZIEHL, TAR AT ASARZ/ERIL
MU B ENA AT E/ R A LA #)(VOC: Volatile Organic Compounds) 7 Az AR EZ A, T/ 1
EEROIEF IR E R F I L mUWAERIEICER LT, BERE»OE W' o e
KT A PR TE 3, —FH T, AT A2 oL RISH R & I > 7o (T
ZIRIMED & 2 ) BB CH AL RN T 2, 207D, BV - k] nd, ZI DT A
DRG LTe T A DRI IR TN TH - 7o,

Fex O 7 — 71X kT Y
7T (MoOx) 23 i i i 1 & BR b 2K MoOsF5/ Y K 2 10002/ M00s R
ICE D 7 L LK E < B R0 8 1
Upf e n BYREE T 5507 | s (T2 . |

Nomalized Resistance / %
o

WHBHR T, ZhE Tkt I\ S o 0 b . !
PR E LCHBER Laot | W - N U<
WL AR T R4 F O i | R v S e e
WCER L, S0 AR T 100 T O, | Graphene/MoO; 00 s
HZ LR L, <, Bibe ' -

U 77 v L Rk AR S DRFME | AcmmE @)

BFo 2D MED /5 7 = kg 4 ]

TV Y hFHIET, TH SRR

(EtOH)ij @‘t i 74%%‘[\%%)) . % AR(SIONER HSTT 8 0 200 400 Tienzzls 800 1000 1200

WAL ) 77 /0y B g1, MoOx F/ Hii& /' 7 7 =2~ A 7Y v b A%

Ak WO n BYRE O G p AR I OREE L By TR S,

~VT7 hTHZERHB LD,
AFHTIL, BBb T /#iEL 77 7 2 A 7 ) v b LTEREERAE T3 A2 E D

AT AY Y BFEAID IOV TR T,

BB EN

1) T. Sugahara, et al., J. Am. Ceram. Soc. 97, 10, 3238(2014). ;2) S. Cong, T Sugahara, et al., Cryst. Grow. and Des., 15, 9, 4536 (2015).;

3) S. Cong, T. Sugahara, et al., Adv. Mater. Inter., 3, 1600252 (2016).;4) S. Cong, A. Hadipour, T. Sugahara, ef al., J. Mater. Chem. C, 5,

889 (2017).; 5) M. Karakawa, T. Sugahara, et al. Sci. Rep., 2018, 8, 10839 (2018).; 6) T. Sugahara, et al., ACS Appl. Electron. Mater. 2020,

2,6, 1670, (2020).;7) Y. Hirose, T. Sugahara, et al., Mater. Chem. Frontiers, 2021, 5, 386 (2021).8).T. Nakajima, T. Sugahara, et al., Sensors
2022, 22(5), 1996 (2022). 9)T. Sugahara, et al., ACS Appl. Eng. Mater. 2023, 1, 4, 1086-1092 (2023).
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NR=I AT FREAD—ZIWALERBPERT OO v ILORR
Development of Machine Learning Potentials Using Persistent Homology
RAER mMaRE
SANKEN, Osaka Univ. Emi Minamitani

E-mail: eminamitani@sanken.osaka-u.ac.jp

HIE L YVEDOMBZH LN T 5 Z &3, EEWEICE T DA REO —>Th S, L
L. TENALT 7 ARH T A0 X 5 12 JAIINEN 72 BNV ToEE 2 FF OB I DWW TiE, T ERRERR T
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I, hARB D NT — SN Z ORBEOER AL LTER STV 5%,
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—OMEZIEH L TRARTT 7 =y 7 Th o, TORBHREINH A= A7 hREr Y —T
HD[], N—=Y AT hERER U—EF SIS LS LEEAITE,. BlE R oY
BROOREPERORH R A ERALT 5 Z ENTE D, BRPZEBROMIEICIER L7 7k & LT,
U TRatReRe S AR ET o008, N—=V AT MRERV—E, A RAT—/LTO
BRRZERONE A — IRV ) ZENTE DLW IHIFENDH D,

ZOEIT TN F A=) bR a U—HF
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FER V=ML ELNEREERTEET
NDANT)ET 22 LT HETRICHEDDST S
RADHED BTN D [2-4], Ak CTIL & <IT,

W= ATV AE

WEDORT v )L )L X — T RS input _ — -

> N [ Y O o z 8 z 8 2 8
TNATTHT L AR ART v b~Dox (128F;1D28)-§§ S5 =1

} = = | (=
— VAT M RER YD E FOT L
64 64 32 8192 4096

7 7 AE T O BB E KR B[5], G363 63

%3 ik

[1] H. Edelsbrunner, J. Harer, Computational Topology: An Introduction ( AMS, 2010).
[2] S. Kunii et al., Sci. Rep. 12, 19892 (2022).

]

]
[3] S. M. Moosavi et al., Chem. Sci. 11, 5423-5433 (2020).
[4] E. Minamitani et al., J. Chem. Phys. 156, 244502 (2022).
]

[5] E. Minamitani et al., J. Chem. Phys. 159 (2023)
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BHBOWE, L0 2) BN = YOorBmOH .
KERIH A AT, 3) ST HERE I & OfitA IS e S
£ B EERET L RS ——
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| 3) Nanostructural control of Cu-catalysts|

T = F U ERERIG AR L Tz, 72, R Fig. 1. Schematic illustration of the design of
v —DERELEEORY v —BE LA R E the reaction environment in this study
BET D 28 bR SN, 2) SENT ZROTEM O G TIX, I —R 2 ZIRTEM(
— R == CP)~EMTIZ KLV AT 2EEMOEME S H M OREL L2 HH L, CPEHE
DI H 2 BT LT EM TIIT T L 3R L7 DIZx L, CPIR S T Al RIZiE Y #il 4 &
L72 B CIIAKRFBAEMRN KL o7, 1), 2) & BITEMIZE T 5506 - IR 2 Z 8 LT
BAEE T S KD 24TV BREISH N = F U AU E ST 5 2 L2 b LTy
5o F12.3) ST ) EIESIETIE, SENTCP~DENMIFF I L W =F L U ARIZHFI72(100)
1 & BB U7 SRR O 2 k-3 U, BRI S I SRS L 0 T 2 B DA 3|
HMINHZ &, BEOIAZADRRENVEEGHTTF L VBIRENGOND 2 L 2R LTV D,
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D, XA VEY FICRESNDEZTEWE L JIR LT DR F T b L ERIREE TR0V,
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Multi-dimensional

757 2 U RBBERLA TN AT A RE VS BRILE Y spectral data cube
RF )T —, F I Ry ke &R TET MR A AT
NA ZZIERTBIChT20 . FAL AR RE BT HERR ]
H LR RERCE TIRRE 2 3T 2 1 1E, mZE RIS ARRE D By N

KB Tl B Bor IEHIDEA T o FEX BB T4 K fj}?.}w<]
(XPS)ETEMA LT, JITE k7o VA 2 iIci T 5, BT ¥ ‘ "
High-throughput ‘ t Feedback for next
RV L BEEmE LU — MR O S AR EAEA RO, I peakfitting measurement
FIET/ v— RO - R U T BB L L & 7202,
22 FRRE IO RIEAE D~ VT A — Voo, RpZEf 4381 T ‘ [
WBERITHART Y FIMTOE AT A — s Gt | Ee
eaks (machine learning analysis)
3, S BIFRILART MU~y B T T =2 eI MBERDDe gy | Schematic image of multi-
£ TAR TR, AN MVE Y ST b ol Smeional | spectral - analysis
HEZHERE LT, Ry EEZEA L CEEEBIEY—r 7 0 v T 4
v ORI % % r— 3 EMPeaks OB % & 1% M;ﬁ:ﬂ;;w
TVBESL, S5z, B XPS & DLt '
A A2 BT D 72D, TSR AT v
REATR 7 ~ > 53 6> A7 L5 (MORINGA) % B & ‘
L. T/ MET oA 2 &S RTERE K
B O 2 F2hE L T 50 , , .
Fig. 2 Multi-probe operando raman imaging for nano-scale
U CIL. AT REEM XPS « T~ 2D gated analysis, “MORINGA”.
n+(EIJ/X74-An£“f‘EH& 7T T 2 F EBRDE -
TV VAL (GFET) BB &R XA a7 A RV FET 72 ERBIILEWMT /A A DR
B G LT E AR M AT R . RRREREIZ SV THE T 5,
(2% 3ik]
[1] N. Nagamura et al., Appl. Phys. Lett. 102, 241604 (2013)., Carbon 152, 680 (2019). [2] M. Okada et

al. APL Materials 9, 121115(1-10) (2021). [3] K. Nakamura ef al. ACS Appl. Mat. Int. 12, 51598 (2020).
[4] T. Matsumura, et al., Sci. Tech. Adv. Mat., 20, 733 (2019). [5] EMPeaks (PyPI) :
https://pypi.org/project/EMPeaks/ [6] 5 84 [Bli MBS IS [21a-P04-11]
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R T & ARSI B SN D BVEARBIRIL, WA T2Z AT —F7
KB IRHD - BRIERBECTXDHNE L THEAZED TV D, Bt & BB TN E AT 07
ICZEHR S LD — A PR BVE N R (B — Ry 7 [~ ULF =) 1Tk L, ZR BN IRE AR T A
ZEM S D RRTUENVEE N L, R T A ARG R E L LMEIZ O b O3y v TV CIRATED
FWBVERH BT SA AL U THRET 2720 SRR RIEATE 2 L IR ST 5 [1),
LU, BREUBAVEEZN I K D BVEMEREIZIER DB —_ 7 [~V F = B RATH AR THAH RN Z & 2
B, TAVE THAIEVEA O I IEEB I F o T & T,

RERH TIX, B2 2B ELHFILOMEI 2 G T 2 2 LI ko T, |EESE T CTE R
TUBNGE A i h B 5 BN K AR A OBRFE R A BN T 5, BIRBEAHIIRE AL T6 fE
O CEEI IND Z ENHMBNDD, ZAOITEEICMN IS T&E e, £ 2 T~
X, 2 FEOWHE % R R OB S & CRE L2 REAMEHC B W CRELT 2 IER A~ T
R LT, MBI L o THRE SN DR~V T = L EF T T 7 2T B %)
RENEBE L2, ATV FERBGERAZ FERE LT2[2], RIS, SNBSS IR TE L7
KEEDFIT N EOR, NS ZIEFANT 2 DRICEESED Z L TRE M LS5
TEMNTE, Fo, BB UCRABA ATy Z & T, BRES F T A 70w K%
TIENEL W FHTE L2 L AR LTz, IBIT, KARA L BVEME D 72 AR ARIC B0
T, IERAE -y 7RI L D EREERE L KAk L72[3), WUkt L - CIERtAE
—_y IR E R T H 2 LT, PSS NVRBEE D 2 — /LB TR ZE 152 K T 200
MW %82 H5BMBVEREZBN L7, ZOFYa— VTKAAE LTHIEIET 5720, X
WAETTREZ2 & B W D BFICH ISR ET 5 Z L TE . ZHE TITARWEEIL S 5 W B E O
Wz b7ob LS5,

HIRE « ARBFFEIL IST ERATO (JPMIER2201) D X4ZIZ L 0 4T &7,
[1] K. Uchida and J. P. Heremans, Joule 6, 2240-2245 (2022).

[2] K. Uchida, T. Hirai, F. Ando, and H. Sepehri-Amin, Adv. Energy Mater. 14, 2302375 (2023)..
[3] F. Ando et al., arXiv:2402.18019.
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Thermoelectric generator using origami/kirigami structures
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Society5.0 X 2% loT to -y NU—7 ZBENT 5 A ERE LT, BB HIIXEZTYH
HBARERAERET A ABPEH SN TS, —F CHILICHEET 2EJUITAERE L ho4
WMOR &7 Sz A+ 28R G2 <, BVERET A 2T E LM MR D B LS.

Z 2T, BRI AEELE 0 S AR T2 Z LI LY, Fig. LI X O 12 < BGE
BRHED ROBVETEM B2 W2 b b, dhm BRI B rI R 2 B2 A 3 5 BAERET N
A A% FEBLLTZMBL AEINL, S0adia 2 bo—REMICRD2/NTRH - AT F A
7V —OHMERE L TOFAREZZ b oMM, REFRETLOZ OFIGZ 5O 5FEAFMIC
BWTHITREEZRITTHRENATRETH Y, AT,

+ Origami-type thermoelectric generator + Kirigami-type thermoelectric generator

Bendingldeformationii

o

Fig. 1 Thermoelectric generator using origami structures (left) and using kirigami structures (right)

[1] Kana Fukuie, Yoshitaka Iwata, Eiji Iwase, “Design of Substrate Stretchability using Origami-Like
Folding Deformation for Flexible Thermoelectric Generator,” Micromachines, vol. 9, issue 7, 315, 2018.

[2] SFUBE(L, AWHEIS, “TVHEEZ O 7 LR U T ABERET A R in #4440 B
CIRIEHEBN N7 > 2 G2 R ~BEREIERTFE - 7N X - fEHEAL - \oT BFCTHET S 2
A~ pp. 141-150 (5 4 R 523 2), =X - T 4 — + TR, 2021.

[3] Shingo Terashima, Eiji Iwase, “Kirigami Thermoelectric Generator with High Flexibility and High
Performance,” Proceedings of the 35th IEEE International Conference on Micro Electro Mechanical
Systems (MEMS2022), pp. 612-615, 2022.

[4] Yusuke Sato, Shingo Terashima, Eiji Iwase, “Origami-type Flexible Thermoelectric Generator
Fabricated by Self-Folding,” Micromachines, vol. 14, no. 1, 218, 2023.

[5] Yusuke Sato, Eiji Iwase, “Self-Folding Method using a Linkage Mechanism for Origami Structures,”
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HFER T A MIPANTET A A i S D &, RFEDPRIEAEIC X - THET+ 2729,
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TS A RO RFENE~RIE T EEII 5T,

2. EBRAE

Fig. | IZiRIA®)E 2 W1 RFIAE oSN AR ¥ . Fig.
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JAF T BTN 5720, #Eis B L OB S > R8I Y
HAEE O BRI D ECRR OB O 7 & L L7z,

3. R -ER

Lo AT 2R 8 72 B AR BAK O fie KEEWT OV A% 397% CTdh -
7o, ZhICH L, N FEETIREBREARD 0.1 fFo0 4
(53%) THEWr L7 (Fig.3(a),(b)). —7J7, MRIA&REE LD
B Sy RERE CHI 0 MG 25200 5 &, ERRHEIRD 0.8 fi5D
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HIZ 100% T 2 TR D IR LI S TH 463 [FIH £ TESM
P o MiFr L7 (Fig. 3(c) . WEZICIRIEESRIFLIIL DT v 7
LED 7 LA Z{ERL L, @fiifEtt (>150%) % 3ZRE L7 (Fig. 4).
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[1]T. Sato et al., ACS Appl. Mater. Interfaces, vol. 13, no. 15, pp.

18247-18254, 2021.
[2] T. Sato et al., Proc. of IEEE MEMS 2024, pp. 356-359, 2024.
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Fig. 1 Schematics of electronic component
mounting method using liquid metal.
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JLESTLILY O Y REFRLE
DI T 5 TIVEKERS R T LORR
Development of Wearable Biosensing System Using Flexible Electronics
BRAEERE !, ERBEW I A b7 2 OfEfF B2
SANKEN, Osaka Univ.}, PhotoBIO-OIL, AIST.?, °Takafumi Uemurat:2

E-mail: uemura-t@sanken.osaka-u.ac.jp

BE, FZEMOWPN, Box ISR O - IRIEZ BIREIZFHI L. BUS U 7o & 22
\ZHRIE L7 BT 24TV, £ ORER A FEEFEZE/MIZ 7 4+ — K23 79 % Cyber Physical Systems
(CPS) BHHWHIHERV AT AMIHEEIND L HITR>TND, ZOFRER, ~VATT « A
7T REE, A — TR - T4 OFEBZ AL LT, EXEROEHEMITITEL D
oY T AL ANRFEESND Z Lol TDX DT, CPS HMITBIEDIH A A XX 5 &
FHEAT e LB b TR Y | 2D CPS HMff D mEA LD 72 O1T1E, @& HHAAE Bl o i

JB LI, BRx et OGNS Lot T S AR RO LTS, FThH, AR

EBOZONIIGEWHEMETZ LY b= ZHEMELTHWD 7 LX V7L Ly hr=7 A%,

UTNEALOREE=2 Y T E2ARICT 28R L LTHIfF S, RERBLEZEDTND,
ZOXIREFNG, EEREICEE L THIEMEEZ L TRV, ik - B A RIS 50 B
BEBHR LDy — MY A Y LV RAERESET=F Y VT AT LERELTE T, B
Lo AR, AR LT O & BT, % v U 2 FOLMEFRIKAZIES 1pym ORY
~v—7 4 VA RICHA L TERSh TS, 207, F5AERIRIZ AR O L2 EIZE
AT 2 2 ENFRETH D, AFE T, B L7/ A XIKREE & 2 O.0ERHA~OIGH
(Fig.1(a) D, M T, &/ A XA DT o VA X OIERIC L D pV L~L O/ NERER & #i
FIAEZR BB I L D MEHI 2, 012, IOV TAX A L EalREIZT 2 7 =T T 7
Mgt oL 2D A ZARR A FEBLT 2 AHE SRR ~DIGH  (Fig.1(b) &2V TSN
T2, WTNOHINS, K8 ) A AL ) A RXREVPREL D0 =27 T 7N HIZLDE
RREFHNIC R W T, FHIROEFETESWE (SIN) Z2M L3 572008 TH 5,

(a) atrest , stepping
lem Semsers

- —
1

Unconditioned a
signal (raw signal) [l e
1 1 I 1s
I
1
1

I I I
Differential : i : : E
Amplifier j A A ‘ | A 'Y\ ll/\ ‘ /\ I LI.J A Al g

(noise reduction) / 1 1 ]

Fig. 1. () Improvement of S/N ratio of electrocardiographic measurement with a flexible noise reduction

circuit. (b) Image of an integrated wearable sweat sensor with flexible signal processing circuits.
353K 1) M. Sugiyama et al., Nat. Electron., 2, 351-360 (2019).
2) T. Kimura et al., Adv. Electron. Mater., 2201279, 1-8 (2023)
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fRFEEgVEEZNL RV OT o2V EEMERE
Odor Digitization and Value Creation Through Virtual Odor Maps
EtXEFiH RE —#
RIES Hokkaido Univ. Kazuki Nagashima

E-mail: nagashima@es.hokudai.ac.jp

TAPHIVEBESAN—ZENSECRELEBERAESER(FAN—TAOHLIRTL)DER-
FEAARIT T, 10T BEERMOCATMEDERDIEMERICNA, B BT —2EINET I T
MOEFHHFE RSN TND, BRRICHEETIH T HTEHOERMESF (=W P EFERRLTD
AIRE LIS ERYBBEREENEZETIEREL A ELF2ER ONEEZEHRTHOT
HY., BN R TELANGIERBEREIERTECRIE-AMV2T72 30 DRRIZEZHORFHHEREL
BOEHLEREEARENICERTIEODOHER7IO—FE2E5Z250# 55T, EHEHRIZLEBED
WroEY - RIEANYEOR T EEITRE &<F M INMEEBEMRERILA DI FHRIIZER
EEHTND, —RIC. THODDFEISERSINIZEVOBMEELIRZD=0I21F, RO FRHERE
ICAREL. WRECREEMEETOIBERLEBERMAT AR LGS, ERORES X T LIZBEZEMAITH
£, RESARTRIIN-GVD FEINRMIERNTEREE~ERII, HREZEENL TR
BREE TEWNMRERHL., [BRABEMBIZT DLW -BNEEENTEET S, KT TIE, £HD
RES AT A ATRE LU EHS T 5L (REBGVRE AL =T 2@t ez 0H
A, EEAREFALAEZBEROWNELMERECET 2HRERBNT D, MA T AIRELY
HIZkDEGWE LT - GUEBIENE S 25 T/ REABE RIS T 2% 4 ORUMBALHF8 TR
NT 5,

References:

C. Jirayupat, K. Nagashima et al. Chem. Commun. 58, 6377 (2022)
W. Li, K. Nagashima et al. ACS Sens. 7, 151 (2022)

J. Liu, K. Nagashima et al. ACS Sens. 7, 534 (2022)

C. Jirayupat, K. Nagashima et al. Anal. Chem. 93, 14708 (2021)

Y. Kazama, K. Nagashima et al. in preparation
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T304 F e oY—Ic &2 BERERR
—BRRERM SRRGERE - fIEZBEL-IEAET—
High-sensitive measurement using graphene biosensors:
from enzyme assay to pathogen detection and application toward drug discovery
BRAEBET CO/NF FELE .~ OsakaUniv., °Takao Ono

ono.takao.es@osaka-u.ac.jp

REDOHIFFJEHERCTH D 7T 7 = 3, BRERIRFRREICEL Llom W RIS, i
TEHWF Y U TBEE L Vo BERAMEEZFHD, L7 ha=2 22 LOENH DI
HrEsn b, Fxid, 7797200y —<7 U T E LTOEMNME, FRC, R T
DN RO E R v v 7T 5B E L TORT Uy VICERBLT, 797 =
YNA TR Y =D EED TN D, A TIE, TFEOF L DN OLDOFREREBNT 5,

~A 7 VNTOT U E=TEERICE VT 7 = CiHlll9-% Z & ¢, Helicobacter pylori
Z 1 HERLLF (@R ) L~r Tt T & 5 (Fig. 1) [1,2]e = 2 CRIA LT =730k
HED) ~DIitE % SIN 2 L C 3 E & 7287727 S A& HIER LT 5 (Fig. 1(b)) [3,4].
—HAVTNZ P TANAD VLT Z— A T T = o A o — RIZEMTHZ L
T, YUHETANAZBREEICRINTE 228, e B TORYLSUS 2B L7 Z oA F v
P13 R THERT 2500 A W ZIEDOFGRHIIC G EH TE 2, 2N D DORREMIT LRN S,
D= R, e —<T U TV OERFEEIZOWNTHERT D,

(@)

VIS E N
EOUBEBLADERR) NHsF4 % 518

Current (nA)

s B1EMTOBSRE
- EE5TAITEE
« TINA BRORIREIR U

MMEETID % = kon [NHs] (A‘;ﬂ— Ur) = Kofr0r

_ d[(NH;),C0] _ vinax[(NH),CO]
dt Ku + [(NH;),CO]

T10M, 1pM

\Iﬁ 100 pM

o
°
=1
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o
&
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RESZN #1%
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Normalized conductance

& X /

. &8 ) T BEEFILIC -y

ARBBEHL  HRBEBEBHY 20t fEDTINES { urease
(Bt 3k (REHIEE) BRRICED PR R ST TR
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Fig. 1: A couple of examples of our graphene biosensors.

(BRI ABFZE1E IST &A% F (IPMIPR19G3), NEDO # 78 (JPNP20004) D 3 #2452 1T 7=,

[1] T. Ono et al., Nano Lett. 19, 4004-4009 (2019). [2] 457745 6949397 =-.

[3] T. Ono et al., Jpn. J. Appl. Phys. 62, 067002 (2023). [4] PCT/JP2024/019161.
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BE£ET TOEREHRIC M 1 f= JE s fh 5 i
Non-contact measurement for biological measurements in daily life
MEX! OFMR WA
Kobe Univ. 1, °Shintaro Izumit

E-mail: shin@cs28.cs.kobe-u.ac.jp

I, BRI O D =7 7 TN TS 2D XD I FRICAERERZFHTE 27 31 ZA03EHR
ShTW5%, ARAEEFICEBWTHERAERESEZFHIIT S Z LA TSR, REDOFRH LA
EEHIBEOUEREL DAY v Md b, LL, EEIZITE O FEESCHEOEDL S, KE
NDLA=VREDTAY v bR HY | IR —RIZZTANLN TN D LITFWEEV, 2T,
F U KRR MOFH TE 28RO BTV D,

AT CIRIEE A, AR AEREHAEIN 2 hbic, 20=—X L8, 5508 & i3 £
TEOTENBE LN T D, FHTERREP LI TE 2HEHRICER TS (K1), flIF 21
ANy 7T =t oA O OHREM T O E R 2T AR LTV D, ET EEA
VAT T RIS 2 B F OISR OV T BRI %,
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s5F ke B 30)
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i (AR$B i TR
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E
zeg HRERE
B 5% (REHR. RF)
DEH
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1 ERENCEB T D AR
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3D-Stacked FET [A(F 2D #4#} - 7 /34 ZF&fif
2D Material and Device Technologies for 3D-Stacked FET
REIE KRS O ZH#Z ; OHitoshi Wakabayashi, Tokyo Institute of Technology
E-mail: wakabayashi.h.ab[at]m.titech.ac.jp

OB KEEFE R FRPESE X, Moore’s law [1] 2 H
= & U 7= Scaling concept [2] 121 - 7= ALz
&0 3], mE(LPEHEE M K3 X M,
EHEBEEH LTV, RHIEHETIX, Fin-
FET Hifffic & 2H1E S o EIflic X v, KW
BEIEPMET A Mu, SEMEPEA TV S
[4], & 51Z—%BT Gate-All-Around Nano-Sheet
FET (GAA-NS-FET) ik D, /v R—FF ¥ %
WIRIEDIX S D & 2Kk T 2 Z & CTIRIHEE
ka2 MM, SEMIEAEA TWS [5,6],
W, S ORBEHEE KA M, &
HLEALIZMIT T, Complementary FET (CFET)
2\ & 3D-Stacked FET (3DSFET) 2% & 1
T\W3 [7-10]. LA L. CFET %X 3DSFET Tl
REIXS D Z 2B TE RV, KFEIR
PERRE, HIZILEREEX A AV TS A
R (Transition-metal di-chalcogenide: TMDC) J&
[11] % FH\\ 7= 2D 5 4k % 72 3DSFET
DI, I HIIBEHEN LIk 2V
¥ —BEREIK [12] BIIZEE N T WS,

Z ZCARRTIEIMEL - 731 28 & LT,
3 TMDC iz DWW, BEIE R ED7z9HI1C
F ¥ 2VIREZERT 2B0ERH D, ANy R
Bz &0 107 em™ REETEBTETVS
[13-21], F7z A%y X TMDC EDEEIX S D
SHIHNE NS < ZeS, EF B EE &
W\ [22-24], ¥RIZ, 3DSFET DRED 7t Ak
L TC. Sacrificial layer & %\ (& Supporting layer
EA®D TMDC A3 % [25], % Z T MoS, fii
IZDWT, FlZIX, plasma SiO; i€ E PVD-MoS,
JEORE N RIFCTH S Z & 2 MR LT [26], X
S50, Na¥ZXvyOR—=¥Y¥rrohLarr A
FORERET X VEEPIET 5 Z &% [27-
29]. nFET (ZIZEHBABADV NS Wa v & 7 M
B [30,31]. pFET IZIXEFEABA KRS VI &
7 SMEH32] I K D EMERBETE S 2 LA
o TWb, PAED@ED, 2D #MEL - 781 AFL

MIDFZERIFEDIEED 5T WS D3, Integration
DB TIIHZEGEREN LA TH 5,

SR - RSO — LG R AR A Xonics
PIERAIA PRI R 2E (JPS011438) S UV ISPS
B2 (20H05880) D Bk % 5% 1} 7=,

S35 3

[1] Gordon E.Moore,Electronics,38,No.8,p.114,1965.

[2] Robert H. Dennard, et al., IEEE J. Solid-State
Circuits, SC-9, p. 256, 1974.
[3] Hitoshi Wakabayashi, et al., IEEE T-ED, v53, 19,
p- 1961, 2006.
[4] Shien-Yang Wu, et. al., IEEE/IEDM, 27.5, 2022.
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[21] Shinya Imai, et al., in 44th International Sympo-
sium on Dry Process (DPS2023), D-4, 2023.
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2 RHMBDD T\ R — )V B ER DB EBECH (T T
Toward wafer-scale integrated circuit technology using two-dimensional materials
RAITUZI RHYRHE
Univ. of Tokyo, K. Nagashio
E-mail: nagashio@material.t.u-tokyo.ac.jp

2 xiRlE, (YT >0V IR ROBNKREABEDZHEEBEST Si KDEEVEBHE
TR CTED L, (NEFRBESDEHIPF vRILIECENC &, (iiBESCRERUEF w3
IBEZERTERIZE(CRDACERBLEDREIEICKD Si-MOSFET (CXf 9 BEALME(KBE(C
LLSIBEEINTVD. UM ULIRHS, BEZSHCNSOMRHREE, £2TEH—F/) (14X (CHL)
TRENEEDTEHD, 2 RITMBIOAEIRERL(IC DN D ERNIRARF(SREN TH
3. CNlE, BRmOS Y O (CHITDIRERIEDST )\ &L PMOS /> — ~ EIC NMOS &
JS— &3 RTEET D [CFET] THDH, FrRILOYEEN 10 nm BUFTD 3 R7eihii
NItz B)ME U e AR (RSN P HT IV T IER# TH D E(CBRERULTLWS. 22T,
[2 RcSEBEEERRM & U TREN (CMiEd 2077 = 77 Crl R ERMA TR (FEN] &S
CEEBRRIBABENSKRTUTCEERR, HI7AT7ERLEICATOIERESEE 2 Ratinl
D CMOS EFEADEBITMOBEREVWSIERICE-> 2. NS, EREBZFIHTE ISR
ERBIEILI 7 X Si0y/Si BIRERMRD, 3 BIMIRD c @Y I 71 VREEEZFHI DI &
TER INAFTOIECLZemERRIENagERC &, EEFEAETES 300 mm B XDDUT
J\DIAFRRER S E&FHELTHE D, REAEMOS Y UICHITDEBORERIMOEBE(CEM
IILITTIRL, DIT)\ R —ILTCOFERNREF T /A ABHTCEIF CEDENEBAHTHD.
CDLDBRAEEREIC(E, BESINSIAEDORETHREINTLDIMEY —X CVD (FEER
ASEHEHNA R R ZHAETH D, MOCVD DEIRHRAY —IAMEBEERB.

AREFBETIE, NIMS DIEARI SN MOCVD (CKD 24> FHB T 7 A FERLEIC 180° RA1>
DFH7ZFFDHE MoS, ZAWT, B v T4 — b FET 2R UF/ 7 fFiE% i U iER %
BNTD. BIO7AA7ERLED FET 854D - BREZBPHEICTDZET, fMREEREMUT
L.

Mos,

2 inch
“sapphire

<
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Possible applications of 2D material devices and related integration challenges
imec, Tom Schram

E-mail: tom.schram@imec.be

The introduction of 2D materials allows a range of applications and prospects for future devices. Graphene
based devices enable sensing and optical applications ranging form light sensing to optical waveguides. Due
to their specific properties, metal dichalcogenides (MX?) like MoSz, WS, and WSe; are major candidates for
replacement of Si for future scaled devices, including future CFET devices.

Some of these properties impose specific restrictions on the device architecture and the used integration
methods, such that the typical integration used for Si based devices can no longer be used. These challenges
will be discussed with the accompanying solutions.

In the first part of the presentation, the integration of a single sheet MX, based device will be discussed,
restricting the options to future proof 300 mm Si fab compatible processes compatible with scaled devices.
They can be summarised as: absence of a reliable junction doping method, the need for a dedicated contact
technology, limited adhesion due to the Van der Waals nature, increased sensitivity for wet delamination,
oxidation and surface sensitivity of the single or few monolayer thick MXo.

In the 2™ part of the presentation, an extrapolation will be made towards the extra challenges and process

needs for the more complex case of a stacked nanosheet as illustrated below.
Gate cut SiO,
MX,
High-k
Metal gate (e.g. TiN)
\\

o

Contact metal

Contact Plug

b0
=)
o
[0}
=
<
&)

Spacer or hardmask (SiN)
TaN
Cu

Fig: Final cross section though the gate and contact plane of a probable implementation of a 4-sheet

replacement gate MX: based device. (SEMulator3D, https://www.lamresearch.com/products/semulator3d/)
Some process steps might be shared with Si technology but many of them will require adaptation to the 2D

nature of the channel materials. These include: the initial stacking of the individual 2D sheets, different

contact technology, mechanical integrity during the replacement gate and contact process.
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TMD Film Deposition using Novel Metal-organic Precursors

IMFREE 12

FET FE 3 ER

(LBEX BT, 288K BERARBIRLF—BIRSA VAT 71—k 3THERE (#)
A. Ogura'?, H. Machida®
(1. Meiji Univ., 2. Meiji Renewable Energy Laboratory, 3. Gas-phase Growth Ltd.)

E-mail: a ogura@meiji.ac.jp

FR AV RV LAOFEETH D 2 kLB
MEZzREXT2EBBERY A INVa T T AR
(TMD: Transition Metal Di-Chalcogenide)! 3, Ff#
A — M K 2 I 2N FTRE 70 B R T b
Xy VT BEMEZAETOMEN S, R LSI
TNRAADF ¥ FEE LTHER SATW
Do —J7. BHER 3 TG A R ORI - T
YUAL DT ¥ FIUZTMD 2R AT 572010
V3L B0 AT R SOAE M AR N T R T VA O
WESLNARAIR T D, ZD X O REMEIT S =
FEH DITKIR T <AHAERE (CVD : Chemical
Vapor Deposition) % F[HE & 5@ &E (W I
KXOMo) =iy (SBLWUTe) OFH
HH & REaY (MO B B L.
MOCVD (Metal-organic CVD) (Z 4% TMD ji&
JEDBFZEBHFEIZHR D FLA T & T2,

FHEBRCANIRRENATRE TH D RFOFERETDH
B WNDEG 22 et a o2 & & &R
Fex DFHLUCBARE L7 X, Figl 12 b
DAL A58 % 759 n-BuNC-W(CO)s, i-PrDAD-
Mo(CO)s. t-BuxS;, i-ProTe THY, MOCVD T
FEEHE T R TRy VT HRICL DT v
TPETR—=RA e X —RR TR TEEZEIC
Tro Top R I (—HEBR TIXL A IZ= ALD:
Atomic Vapor Deposition) fitfa L, #42 450°C%

£ OH N ®0 ®Mo

o & S
- o o
®0 ! $°9G.5° 5 4 B
on S SO 0,
OH s g J
C 4 @
3 °
n-BuNC-W(CO)s i-Pr,DAD-Mo(CO);
€ OH ©s8 C OH @:Te
t-BuxS, i-Pr,Te

Fig.1 Chemical structure of novel precursors for TMD.

EBR & T DI o 72 RS KON fin RIS
T L7 Si(001) M BicpE Lz, Fohniz
TMD J1%, 2 E B EI(TEM), 7~ v 7t
ERIE R £:532 nm), X FROEE 0 EXPS)
R TR B e

FER - W TEM 14 CHER L 7= PN B o
TMD I3 A% R S I TR AT 2R @R O &
ZEFD . M 10 JE &R 2 DR b — e
MRERGE -T2, T~ RETSH IR
TMD ([ZFFE 72— 7 MR B4, XPS THERR L
TR IR R b BRI — L. o 6 AR
EDOREIZ X DRI D 72072, LT
W ED WS, 5% Fig. 2 \ZBlR L7 L 91z, [\
VIABDEREIZ BAFC, fin EES. A, (IEES
12 H FNE NIRRT > 72 AT 72 )
R I iz,

BEE . AWFIEO BRI, SRR A KRR X-
nics HERAIAENLS FEE JP011438 DBk %%
b DO TH D,

BEICHK

[1]M.-Y. Lietal., Proc. IEEE Symp. on VLSI Tech.
and Cir., p.290 (2022).

[2] K. Cho et al, Jpn. J. Appl. Phys. 62, SG1048
(2023).

Fig. 2 TEM images of WS, film deposited on fin

structure.
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ZRAANTOREEERE LEEFITUTIL - #EERIH
Two-dimensional-heterostructures for functional quantum materials
WEBEEE MANA, dtX#E dtd B
National Institute for Materials Science MANA, Hokkaido Univ.

E-mail: KITAURA.Ryo@nims.go.jp

N—=RF ) Fa=T 777, BAUHE (BN), BESES A L2 T4 R (TMD,
M 1) 72 EOERTTHEHE, T/ A=A TOH LWHEEERT 5200 INR 77 v h 7
F—LERME L TE 7z, & UITEFEO ZRITED)R DI EITE L, WERFZO—K Iy 7 X
EUTHEME - ISHAEBZAATRERAZ RETWD, ZhiTiE, a0 2D WEEEEOYMEEL
HOZLITMZ T, ZNODPERER LRV S ESEh~TafEs, ~7T g, B0
TIOREENERATED LV ) RPREREEEZRZL VD, ZOXIREROL &, Fxld
MR R (A& RIS EEE (MOCVYD) 0ot ¥ —ik (MBE)) 12X 5k
pa P AR B E VWD 2 L TS E S ERIK
RICHEIE, FFZ 2 ROTFEURN— A D~T 1 h
EEERT DR a2 1T > CERME, Zhb~T
PAEEIT, SEISEREFEREEZAEANTHA L
LTEATHD ZEICMAT, RV VAT T LD
T~ ThHBIT A RS bORNY 5 5,
A TIL. Forx D oo~T s sme s L Fig. 1. A ball-and-stick representation of a

a ’ monolayer transition metal dichalcogenide.
-2~ 7 U T/ EERIHEICEET A KT E  Green and yellow balls correspond to transition
L . metal (Mo,W, etc) and chalcogen (S, Se, Te)
ZRAIT LoD, 2IRTEMBOEFT /34 A~DJE  atoms, respectively.
BRICRE 2REMEIC H L7z u,
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[2] Y. Urano, et., al., Appl. Phys. Exp. 16 (6), 065003 (2023)
[3] S. Zhang, et., al., Nanoscale 15 (12) 4570 (2023)
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27 TIVI—LAEERFBOBERS EHEFIRAICAIITT
Fabrication and applications of van der Waals junctions of 2D materials
RRAPEERMPRA ETH K&

Institute of Industrial Science, University of Tokyo Tomoki Machida

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

The most distinct feature of van der Waals (vdW) junctions of 2D materials is
controllability of twist angle between the crystals, which modulates the band structure and
material properties. Here, we demonstrate that the spatial inversion symmetry and hence the
spin splitting in band structure can be controlled by vdW assembly. Twisted bilayer WTe>
with twist angle Owiss = 0° and 180° are investigated. The intensity of second harmonic
generation changes by two orders of magnitude depending on i, indicating that 1L WTe;
+1L WTe: (0°) possesses the spatial inversion symmetry, whereas 1L WTe, +1L WTe; (180°)
lacks the inversion symmetry. The electronic structure of the 1L WTe, +1L WTe, are
significantly modulated by Owis. The spin splitting emerges when Gwisc = 180° due to the
broken inversion symmetry.

Few-layer transition metal dichalcogenides (TMDs) exhibit subband quantization induced
by the out-of-plane quantum confinement of the wavefunctions, i.e., a few-layer TMDs is a
naturally-formed quantum well (QW). Using momentum-conserved resonant tunneling, we
investigate the QW states in 4L-WSex/h-BN/4L-WSe> vdW tunnel junctions with tunnel twist
angles Gumel. Current—voltage characteristics exhibit multiple resonant tunneling peaks whose
positions shift as Gwunnet was varied over the 0—-60° range, which indicated the presence of a
spin-polarized subband crossing and a saddle point. Our twist-controlled resonant tunneling
approach overcomes the difficulties associated with momentum-resolved electronic structure
measurements and reveals the unique vdW-QW states in the conduction band of multi-layer
WSe:.

[1] Y. Zhang, K. Kamiya, T. Yamamoto, M. Sakano, X. Yang, S. Masubuchi, S. Okazaki, K.
Shinokita, T. Chen, K. Aso, Y. Y.-Takamura, Y. Oshima, K. Watanabe, T. Taniguchi, K.
Matsuda, T. Sasagawa, K. Ishizaka, and T. Machida, Nano Lett. 23, 9280 (2023)

[2] K. Kinoshita, R. Moriya, S. Okazaki, Y. Zhang, S. Masubuchi, K. Watanabe, T. Taniguchi,
T. Sasagawa, and T. Machida, Nano Lett. 22, 4640 (2022).

[3] K. Kinoshita, R. Moriya, S. Okazaki, Y. Zhang, S. Masubuchi, K. Watanabe, T. Taniguchi,
T. Sasagawa, and T. Machida Phys. Rev. Research 5, 043292 (2023).

[4] S. Kawasaki, K. Kinoshita, R. Moriya, M. Onodra, Y. Zhang, K. Watanabe, T. Taniguchi, T.
Sasagawa, and T. Machida Phys. Rev. Research (in press).
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FTTADNTNA RIZAITIREERF-BhE 2D MELDEEHH
Photochromic Molecule in Solution Combined with 2D Material FET for Optical Device
RIXZht. XEBA SRR
Tohoku Univ., Tadahiro Komeda and Tsuyoshi Takaoka

E-mail: tadahiro.komeda.al@tohoku.ac.jp

FTT 4 T NA AL MOS T3 ADOFEIT VY 2 2 _— 2O LR O R & B %
TWL DI MBEREFINO—2EEBEZ N5, FiE TaWILINEZ 152 72O IZITEBLR O MG
INTEAM E TR STkt E T a v ARKE L 2 508, FRIEA~DIREEO W, R
TR EEMED T OIEIG, & D WILEBAR L A BV a7 A R(TMD)@ R % 51 &
E L EXICEON D EEEBA OB TRIE A ARy &R E 2RI+ 2 SICHEH
DEFEDL, AETIIVY a v Hiie@mbaxBE L7, TMD R FEiisz F v o xv e LTH
WIEBHRIR N T U RAE L WP ONERMAC S T H A EDETE ST 4 IVT A R
OEWMEIRER A MRGEE L 72 Bl ORIt 2 s 3 5,

Figure 1 (3ZDEEEXTHY | TMD g% F v > /L& L THWE FET 7734 R
DI DA 7 R EMAGDOETeT A R, RN ZBZ 2175,
B2 B0WREHA WD Z & T, FEDKERIZKIST 2 FISEFIHAETH D |
T L THEMERCETIE Ui A S A RETH D,

W oy 7 DAL P2 LS. FET RO Z8 b & U TR ATBEDN T BLE TRV, FFIZ, Figure 2(a)
WZRT L 97, 74 FZ v v 7 Spiropyrans (SP)7) 1 & Merocyanine (MC)®D R] i) 28 (L 23
TAEEZ L & LT X D AuiUE, SRR WEERICH BT 5, SPIMC O [ I TR
HFTRESHARNLNTND, Fr o xL EIZBWTYH, SP /a2 HEfE Liztk, YIRS T MC
DL S, BN KX > TSP 0 FICR T A Z ViR Aa[ETh b5, & DE{L% FET Fiik
DOEALATRETH D Z L MHRES LT 5, Figure 2 (b)IZ/d DL SP 431 « MC 45 1 o Al i
YA 7 V% FET D KL A VERBIEL TR LIZLDOTH S, L0 T 7877 —1EDOjE SP
SFIREDOSE, F— MNEE-FLA CERIBRIILVAIZS 7 FLTBIESIL, LEWED
TALTHEIT 5 & (Figure 2(c) 2 DD FBDOH A 7 NV EBEICHBE L TWDH Z ERNb D,
SIOICIREEENTET S Z T, bz X =0 EAETHY, TNNHEEBREL £
JEMECHEI2 D Z LR ENT, TR DOELE B LT OB CHE 2 211X KED 0 22k
Tl ziFvrrnm by X BRINGERLIETHST2R8, 7 v UBNLOT 31 2%,
M OBRFFED B TORG T DL FRIS B LT 2 E 3 ER &b,

photochromic UV w 7
molecule FET b) a s w
: photo : i — N4
Solutlon ﬂOW isomerization switches -01 —pristine CIXK:}% L\f§ 2
Outlet 21,5 — after SP dep < 495 Heating
? 1.2 MC1 SP1 S 6] = Pristine Mos,
£ o9 28
S0 S| o AT
0o 1 2 3 0.0 §-16 3\ /8 25 28
Microfuidic Cycles 30 20 10 6 do 20 18] MO "
MoS: FET platform Gate Voltage (V) o1 33
Switching Cycles
Fig.1. Schematics of TMD-FET Fig.2. (a)Photochromic reaction.
combined with microfluid platform. (b)MoS; FET property change with
Solution with photochromic molecule molecule adsorption. (c) Cycles of
is delivered to a target channel. photochromic changes.
(A

WFgeiL, GRS (=7 )V 7 ) —F A 7 T FE GREE S IPMXP1224NM0062 &
JPMXP1224TU0052) D 34245517 TWET]
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WE ) YN—FHENA LD = DFHEHESHEOM B ERET N
Materials Design Technologies for Organic-Inorganic Composites to Improve the
Computational Power of Physical Reservoir Computing
7V FR T, FRRE 2 olEZE |, EEEZ 2, TIREYE?
Bridgestone Co.!, Univ. Tokyo >  oMitsuhiro Nishida !, Tomoyuki Kubota 2, Kohei Nakajima 2

E-mail: Mitsuhiro.nishida@bridgestone.com

HENESESOEPRZ BB L T, Z 4 Y HIDNRERICHE, KOH b OSHLlE %
BZTNDAYT— FEAVYOERAPLENTEY . TOBITITZ A VERHM TH DT A
H & @ Physical reservoir computing(VA F PRC)& L COFHEEN 2 EXEDZ ENRMETH
%o A E T PRC T DMERCFIEIBEZ S BB TS D, Ll ARERES
MEFCH 5 = L ONERFESC, Static/Dynamic FFOPNER L A T 2 7 AZAL I3RS THEMER 7290,
PRC & L CTHEF 72 2 ADOM BB EANIZ O W TR LR,

Unstrained Strained
~
-~ " .
P~ 75 at
o SR
reservoir output
J

Fig. 1 Schematic diagram of the internal dynamics of rubber under applied strain and its application
to physical reservoir computing.

It is thought that the electrical resistance signal from the rubber changes due to changes in the
arrangement of the filler and other components when strain is applied.

T TARETIE, TLDONESY A F I/ AERBL TV L EXIET L IG5 T L0
EIAETRT 55 A2 kA L(Fig1). DFEM & 333 Lz 2= 50> PRC #EH10 K £ TR
Hi3k % Temporal Information Processing Capacity” FIEIZ DWW CRHIZEHII L, @ Z OFiEE
VT AERERCT DA RS PRC OFHRBEINC MUT T B OWTEL L, PRC & L Chi 72
FERR OB BRE R RSO T 5.

S 30K

1) Nakajima, K. (2020). Physical reservoir computing—an introductory perspective. Japanese Journal of
Applied Physics, 59(6), 060501.

2) Kubota, T., Suzuki, Y., Kobayashi, S., Tran, Q. H., Yamamoto, N., & Nakajima, K. (2023). Temporal

information processing induced by quantum noise. Physical Review Research, 5(2), 023057.
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BFRY ET—VI2&K DA TYTILYFN—ER
In-material reservoir computation using molecular networks
MR, mEEth
Osaka Univ., Takuya Matsumoto

E-mail: matsumoto-t@chem.sci.osaka-u.ac.jp

I, ANHEOROEIME, FBilile EAFRECEBL L5 &7 2 ALAE (Al OFANZHIZ
ERLTWDLIN, R~ N\U—LEANERIND L IR TE, 22T, BUEDT
THNFIREBETITOITWD T+ ) A~ CRIOIERIAE L3R 72 0 I A TR R (=
2= ENT 4y 7)) OFRLEDOFEPFR SN TN D,

PR (] BRI AL X — Ry BF & U CIREZR DM T O TV D2, IER T RE ROV & DI,
REFMN B Z T TR BRFHEOERNHH 2L Th D, 724 2, BRITEDESOHK
FERRNT 24T 5 D TIE72 < MR X W ERIc 7 — ) AR ST, A AR ORI 28 X
o, S HITHEREMRIC LD R EEOBRIBIIMRZ b D, 20L&, FEEBOETIE
WHNZ, HOE S DONEICES SN/ THRICATTEND, 2F 0| MCBIT 5 EEMTIL, £
CHHETRTH DL LWV R, BOGES MRy MY — 27 ONERBRSEERE®E R,

ARSI TIT AL TV DB RIC AT, ALHZRWEO R v MU — 7 RO ERE ) % B
L, SMBERE DO v 7 L BRI O R E — KM s ey Varta—T 4 v U %
TZIE, AN X B EHRIRFEOREBHC L RSLO L I TE 5,

AFER TIIG Rz i, PRRASE IS LB R IERICRFIERC A LU R S R 215 5 72O D)
Y e HEmE RN 35, &b, Zhax/ —ReBRL, /— REROEGEZFERT 00
Tt ROV TiEmEED 5,

EH & L CERBENEAEE S Ty b= 20 BT B TICB 5 ERBEA =X
LEOHLO [1] B, REWZRY) PAN—2 R TE D 2 L2 ERARREORVF~v—2 T A b
TRT, SHIZEEARY~—THOIRIAXF Y AXL— FR ALY AXREERFFOZ L ZRL,
KRR FEEXFRBEITORNIDB DL LE2RT, WThOgEL, /— e L TOYMESRE
BT & BROFHR A 70 K & SBIRHY, MR BEERE I 25 S T 7m0 L 7o TV D,

B
AHFZE D —E 1L ISPS-KAKEN 19KK0131 35 & TV JST-CREST JPMJICR2185 O BhEkIZ L W 47417,

SCHR

[ 1]J. Bao, Y. Otsuka, H. Ohoyama, and T. Matsumoto, shape-dependent conduction regime in self-doped

polyaniline, J. Phys. Chem. C, vol.126, pp.8029-8036, 2022. DOI: 10.1021/acs.jpcc.1¢10929
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A4 -BF - REVORZERAA TS IVREFAT S
MBY)SFN—a Ear—TaT
Physical Reservoir Computing Utilizing
Spatio-Temporal Dynamics of Ions, Electrons, and Spins
VH - HHBRME, CLE #E, 1K H, Ef X&, HFoa 8E, F8 K
NIMS, °Takashi Tsuchiya, Wataru Namiki, Daiki Nishioka, Yoshitaka Shingaya, and Kazuya Terabe
E-mail: TSUCHIYA.Takashi@nims.go.jp

U, RBFEICRB SN O FAE P RE SR L, e REETEN SIS —J7, HERE
B> THESNDENRY 7 U R L olfE 83 FERBEICHINL Tk v | RA7ZR R
Elpo TS, ZOMROTD, THELY Fo3— | ERHINDMEL « T34 ZBATNTH L TORT
W BLS: GERIPISE) 23t EEEICRI T 5 @R i s, m ) ¥ 8—a o —
742 (PRC) BEAESNTEY, ThrsEE, KPHEF. V7 RT 1. AT T/
TVAYTRy T =270 EZFERRIMEL « T3 ZOBZERBENEA TN D, Hex i, #E -
NARAPDA FREF, A LW TRk A R BAR K IH - Ui 72 & ORUNMEE TRy
ZER A A TR 7 A MM LT2 PRC OWIFEZAT> T D, BI2E, VFULaeT e b 2mfd s
BB I & R B DYl A F =T 4 V7 T VA X TIEESR . HEE(EDL)
B RINPm IR TT RN Ko TEARR 123G B, NARMA GERUE B ClElR ) €
T EDRERINAN S — 2 FIT RAF R PEREDS H Tz, EDL kT > P A Z I PRC TiL Y #/3—
JEDZ@ILIZL > T—HDOY I ab—ra VHRC % ERIZHEREASS 2 &N TE 2B F72 WO
T vy K ERT R ORI ORIEEIR T ~ CHELIR Z FO TR L7z 2 < Ao Ak
53 F Doy FHRENVEAL 2 FIO THRGB AR MM EZAL T 24T - 728, BEERN O 2 & o T3
(2 & DIFMIBISE & b Bt LI S BN A A0 =T ¢ o 7T Emkoe b T %
Z & TNARMA £ 7 /LX°> Mackey-Glass HFEIUIZ L 5 7 A AR 72 E & @REEIC TRl 5 2 &n
T& 7o, AIFFEO—HBIT IST & & 03T (IPMIPR23HA), BT 7T 242 42 P B B AR AIF 72 HE 18 ] 2
(JPJ004596) DBk & 52 1T CiXAT S 4L7=,

[£3% 3R]

[1] D. Nishioka, W. Namiki et al., Sci. Adv. 8, eade1156(2022). [2] M. Takayanagi, D. Nishioka et al.,
Mater. Today Adv. 18, 100393 (2023). [3] Y. Yamaguchi, D. Nishioka et al., Appl. Phys. Express. 17,
024501(2024). [4] D. Nishioka et al., Commun. Eng. (in press). [5] T. Wada, D. Nishioka et al., Adv. Intell.
Syst. 5, 2300123(2023). [6] K. Shibata, D. Nishioka et al., Sci. Rep. 13, 21060(2023). [7] W. Namiki, D
Nishioka et al., Nano Lett. 24, 4383 (2024). [8] D. Nishioka, Y. Shingaya et al., Sci. Adv. 10, eadk6438
(2024). [9] W. Namiki, D. Nishioka et al., Adv. Intell. Syst. 5, 2300228 (2023). [10]W. Namiki et al.,
Neuromor. Comp. Eng. (in press). [11] W. Namiki, Y. Yamaguchi et al., Mater. Today Phys. 45,
101465(2024). [12] W. Namiki et al., (submitted)
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BRI RIRE E EMEER ) FA—(CRA L
BHEEa Ea—TFT12)
Machine-learning computing utilizing an insulating magnetic film

as a continuous-media-type reservoir

HATH¥% dlab', BER’
RTE 12

ISystems Design Lab, 2Department of Electrical Engineering and Information Systems,
Graduate School of Engineering, The Univ. of Tokyo
Ryosho Nakane!-?

R =2 =V 3y N =7 2V EE A Ea—T 4 7DD THLH Y P N—a s Ea
—7 47 (RC) 1, NI A—=FZFFlon T AS—] LT D RINT — & A EHRO IR
2D, 2], ZORBIZ L T, U= B M EICEE SN TR B EA DR ZBIEIENFIZ L0 i
HbT 52 LT, Mx RIERINIT —Z OIFRAIENFRE L 725, T 2 TYU P AA—DREMEIZ, FHIrE
WAL RNE 1 RGCRINT —F @R e RN G4 T2 2 & THDH, WHERCIEZ, 295 LU ¥
N—OREREMEE BIRICITET 2B IR A I 7 AT Ko CEE MR o ) 83— 2384
HRAT, TNE THRARYHERZRAWNZay Ea—T 0 V7 NFEIGFES LTV D [3,4], WHELY YR
—I%, BEREFT A AETHEANETH DL Z b, RERBIEREEE NV tn=/ 2%
AHE L72fET7 31 X« B EFIC BT 2 %EL RC OFFZERTEM(E L TE TV 5,

PEERC v A7 MIFHT 20 Y) PAN—ITKFEL T, Fy hU—2 8 74— RNy 78 e X7 Y
AR CESEEE I DV AT MG TH I LN TE D [5], I I CHMEEE A &L, s s SR
WIZE->TUNEL, LIEBL T2 L IR BMBEHREEZ B Y P—IZFH LI AT 2 %277, R
BT, P RC BAHNZ W THRE SNz, X0 O Y Yo3— Iy diok] MM LT 2
T L THDH[6], WEBEHRO 72V IEFIZFERYEL Y P X—Th 5 1 DI & St b O R T v v
DEWS, HHRENEWKE, VA7 ARFORBLEVEL SO WEEND Y | ORI~ D &
BlTZ < 22v, — 05, RERFIA TS bkl 3 2 Re 22l 340 LT ERIE 2 A 3 X 7 2 2R+ 2 Z 0B,
PEE RC OFREFEZ HBL L T D LWz 5, 20O &0 5, PPl RC FHHEIFELOTR ORI D ()
B A TR 7 A ERHRIEREDOBILRAFIT ) <0, TERRIR O T2 DI EE 2 THHE RC 3 AT LR FHEDENL ]
(ZOMRMMDHR L HIN 2B L T IZiX, BATERDUEDTHDL EZEZ TND,

INET, WHEVI 2L —va v aX—RL LEFEERICE > T, RFTET A Y ORBEMEE &
72 % g AR e R ERIPE R 2 U PN —ICH W 1| ADSEHDETT A AE|E L, 217> T
72 [7-9], FIAT2WERIIR/EBRT AL LD | FAESTH D, 7754 ABEFELE, REFEARRET L
(ZALE T D AJTEMO J[FTIC W TR ST EEN T A B & 70 - Tl 2E M 2 s/ U, Z2MI o m
L2 HOBHIRIZ L > TAY ORI NEE 2G5 2 L ThHh D, ZORMARRIZIHN T, EHE
B, FEBIME, mRoetE & D BUR O BRAARZ £ D L 9 ITHili7e LTI Z 2 7 OFHRMEREE 5
DTN P RIE L TE 7o, FHELE & IR LS 2 [ 7o U HIRLIEME & ERIBIEIC D21 51
IR OBMEISEEZFHT L2 EDFEHTH D Z ENB[5]. AV VA ETOEMEEHZ REH Y |
RC FHREDOBERRFHI A T » 7 & ORGSR Z ZHGT Lo, £72. 1 DORERIIAT G ZARIRRER Y
INEBZ G TERTTHECDRT H720I12iE, XA F 7 AOZEMOGM a2 LA HTHBITRLETH Y |
FEREBR N Z 0 RXoFT VNS AN 2 WD Z &, AV DR & AR 25 2 T L FRIRFIC
IEMIPBR ZBANT DDA N TA TR AT 22 & SNSRI L D Z 4TI 7 228 EL T
HWOMEFEZZbESED L, REDTRERME L7z, SREEROFEZIENL, 29 LIcEix DT A
— ZRREIT LTH A7 FHRMERN E DO X 5 I T 20 OB A2~z Zh L RIRFC, WEBi%
DFFEEIHICES S BEREZIT) 2L T, EO L) RIEEWHBIZ P AH THL a2 RHL>2H 5,

BHTIEA L E AWML RC OFFR & &I, ZAUT KV A S BREsig: & 3HRIFEE & o B

DELE, HEMEEZRED DLV R ERD VAT AEFHOFEAN, REICOVWT UM EZB IR,
2 3CHER [1] H. Jaeger, GMD Technical Report 148, 13 (2001). [2] W. Maass, T. Natschliger, and H.Markram,
Neural Comput. 14, 2531 (2002). 706 [3] G. Tanaka, et al., Neural Netw. 115, 100 (2019). [4] K. Nakajima, Jpn. J.
Appl. Phys. 59, 060501 (2020). [5] HM, SR, B, V- N\—arva—7 07, FHRLHK, 2021 4.
[6] C. Fernando and S. Sojakka, European Conf. Artificial Life, 588 (2003) [6] R. Nakane, G. Tanaka, and A.
Hirose, IEEE ACCESS 6, 4462 (2018). [7] R. Nakane, A. Hirose, and G. Tanaka, Phys. Rev. Res. 3, 033243(2021).
[8] R. Nakane, A. Hirose, and G. Tanaka, Phys. Rev. Appl. 19, 034047(2023).
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RAEVRIZE 5HEY FN—HROERABN
Theoretical analysis of physical reservoir computing using spin waves
FEETREXER! EHEBARI 2 EIXKAIMRS, FRILKXI 4, ELHF MathAM-0ILS,
OFk A, #E BE? /Mt Mt KE EES
Future Univ. Hakodate !, Nagoya Univ. 2, Tohoku Univ. 3, AIST 4,
°Natsuhiko Yoshinaga'>#, Satoshi lihama?, Yuya Koike?, Shigemi Mizukami?

E-mail: yoshinaga@fun.ac.jp

W, T/ A=, XAV TEET2HENANTHEOREBUIMIT TAY Y hr=r X
DOET 2 AT ARG RO BRILENER ZEO TN D, TOHRT, VFEAR—FRIF=a2—7F
N3y NI =7 NI OB ZFEGTITFEEITH) 2N TEX D720, MEEEOFERTILL
2o TS, TNETICAEY Y MY RIEHRRAE IR ENEE & L THWEZELY N —5H
FEMN BRI SN TE 720, EHREARR EOFEMEREIIMOMERTH D) 13—
HARTHSTHDLONRBURTH D, AV hu=7 2% ) =R OEMERIZE, A
BV HATFTIv I ARED LS ITFEEREE ROV TNDEONEHLNZTINERNDH DL, £
T, AT, T/ AT — BT AEMREBRAE VPR E~ A I a~ T T 4
w7 I al—ra Il THEIEL, BRI 21T 5 Z & CRWEE RIS LT e &%
HOEMNZTHZE2AMET 5,

NI AMIETE X DAL WDV AT WaRwT, ANEHEH#HRlEZ ) — RicBnWT, AT
L7 BIRERINT G T DHME TAE EARMIZIZEI VA XA FI v 7 AEft L, BAEL
AV E ) ) — RTHANT, LEAN—HRICLDRERYT — & OFE TIE, ATOK%R
FIMs, MEORLOT —# A LIz GEB) . REOT =X O TR EDH AT %2475 Z
ENTED (K@), AEUEDOH AT v 7 A%&Falk 3% Landau-Lifshitz-Gilbert FFEE 5 |
AN T HINEEHET D LT, AN LTERBMO 7 — FIZED L 2125 D D& fiffT
L7z (b)), ZDREHE, / — FREIOEREO R RIEZ RN R AT LA XE LIERIZ, ZoW
AR AW OB EE L ORNICHLBIBRN H DRI FE RN RIS D 2 2 R L,
HE T, A2 u~l 2T 47 Ial—arDfiiRebblc, AV UFHITL D L AR—
FHEDOEED A T = X LD ik T Do

[Ref.] Satoshi lihama, Yuya Koike, Shigemi Mizukami, Natsuhiko Yoshinaga, npj Spintronics, 2, 5 (2024).
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Fig. (a-c) Schematics of our physical reservoir computing system using spin waves. (d,e) The linear
(MC, d) and nonlinear (IPC, ¢) memory capacity obtained from our theoretical analyses of the
Landau-Lifshitz-Gilbert equation. (f) Schematics of propagation of information from an input to
output nodes with different delay time.
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)ay MSMBYSF/NN—avEa—Ta2T
Silicon CMOS Physical Reservoir Computing
EXERB R Bt
Hokkaido Univ., Tetsuya Asai
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YAy (MOS FNA ATHRENTZT a7 BLO0T 4 VANV P R=LZDF T A %
BHENORDYIY PN—a L B a—TF 0 T OMELISABIZRENT 5, CMOS U Hr3— « 3
L, MREREARE L ET, AMAT v 7/ CHBEZMBETE 258 E R > T b, Bohiz
N—=Fy=7YY—2 (OMOS ¥, M. |/ OFMHENT, VIFAN—ara—2 L LTOMH
A BRI T DD D2 IR TRPVIAD BTV D,

FP. AAROYEY FAS—Z RN 5, BEICIE, UTD3 20X TRd5
I 7F 7 MoS U —[1] : Bl S AREEE N ZEHR L, 7127 OM0S 7734 2T
U R — Ak
2. MR~EEEHT ¢ P& CMOS U R —[2] kR & 22 X A 7 ITHE I CE DI LR D
WS EAZ BEIAERT 5T ¢ XL CM0S U Fox—, BHRT A =R ERFT 5 AE U BAR
L2
3. mHEHEMT P& MOS U Y N—[3] : EEEE - U T A DLERICRHE LT 0 Y
AL CMOS U A 73—
WIZ, AERD Y PNR=F 2 T A PR BERRNT D, UTD2005 4T3 5

l. 747« 2777 RAFEE®E FORCE FEH P 4] : VAR v 7 7 LA X Dl
BEEHT LR, a2 MBAEL BEEE D KE W,

2. TyVMITFEE DBl T T T 4 E WA - KBS - K
Ak (LMAUKRAL—T > ) OFEFT DT 2y VT AMFIZHE LT D

BEIZ, 2 B0 CM0S U o R—D TS AR & 5% ORLEIZON TR 5D,

S5 Xk

1. AbeY,, etal., Scientific Reports, vol. 14, no. 1, 10966 (2024).

2.  Abe., et al., Nonlinear Theory and Its Applications, vol. E15-N, no. 2, pp. 262-272 (2024).

3. AbeY,etal, Int. J. Parallel, Emergent and Distributed Syst., vol. 39, no. 2, pp. 197-213 (2024).

4.  Yoshida K., et al., Journal of Signal Processing, vol. 26, no. 4, pp. 103-106 (2022).

5. EHE PER, FTES AR, B B, T T T AV E DA R ) =2 TN R
V=TT —=%T 7 F v BFHFREEEREME I 2= —va A = ZAWER (CCS),
B IRSZRS | (B i), 2023 4211 A 11-12 A.
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JHFENR—a 2 Ea—T 4 VT2 & 2EHERIN/ N2 — V53R
Complex time series pattern recognition with reservoir computing
£AIKI' CH™ RIFE!?

Nagoya Institute of Technology !, °Gouhei Tanaka!

E-mail: gtanaka@nitech.ac.jp

VY NR—a s B a—T ¢ 713 TRl 22l e E 2 wRE & T oA ThH Y, R o
KAFMELZ & HORERINT —F ORE— BRI LTV DH[L]. VA= K DAL,
excitability % 6> F X ERMIEROWMBEEELZMA L CTEBRT LI LN TE, KHEMIRE I
el LTeBR ) PR—a Ea—T7 0 V7 OWERE LR L TETWD[2]. FFEOWELY
N—a L Ea—T 4 V7T AOMEREM B, B SAL 5T, BE ORI - %
HEFE, (Bt Tk E O3 TOEZER R TR L 72 5[3].

—H TRREROMEIEH A RIICK S 261X, BHEET /L - 7T Y AR TR S 725
DEARK G &+ D WHR DRI E RS OBRR E O ME LR D125 D . ARH#HTIE, U
YR—a B a—T 4 7 ORI T DIFEORE B L oo, M RIIT —
DT« 43HE - BE NSO BRI S HF G 287 2[456]. 26 &EEEZ T, 10T #&T
DY P N—ara—TF 4 7 OIERFGEELREIZOWTERT 2.

[1] EH ®E, R TE, B B, VEN—ar Ea—T7 0 7 FERIIZ — iD=
D EE T E O & N— R U =7, ZACHIR (2021).

[2] G. Tanaka, T. Yamane, J. B. Heroux, R. Nakane, N. Kanazawa, S. Takeda, H. Numata, D. Nakano, and
A. Hirose, Recent Advances in Physical Reservoir Computing: A Review, Neural Networks, vol. 115,
pp. 100-123 (2019).

[3] G. Tanaka and R. Nakane, Simulation platform for pattern recognition based on reservoir computing
with memristor networks, Scientific Reports, vol. 12, 9868 (2022).

[4] Z. Li, Y. Liu, and G. Tanaka, Multi-Reservoir Echo State Networks with Hodrick-Prescott Filter for
Nonlinear Time-Series Prediction, Applied Soft Computing, vol. 135, 110021 (2023).

[5] H. Tamura, K. Fujiwara, K. Aihara, and G. Tanaka, Mahalanobis distance of reservoir states for online
time-series anomaly detection, Authorea Preprints (2023).

[6] Z. Li, K. Fujiwara, and G. Tanaka, An Echo State Network-Based Method for Identity Recognition with
Continuous Blood Pressure Data, Proceedings of the International Conference on Artificial Neural
Networks (ICANN), Lecture Notes in Computer Science, vol. 14257, pp.13-25 (2023).

HEE C ARAFTE O — 1L ISPS FLF # (23K28154), A — v = v AU B % B
(JPMJIMS2021), JST-CREST (JPMJCR19K2), HRUKZEALEEEERM £ U 7 ¢ &
REHERT A ) OBREZITTELDTHS.
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SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

AN RAFEINETTUTZILIYTN—RERF
Material Reservoir Computing Devices with Promising Social Application
AT KEREL, ATKNeumorph £ 4 —* OmHEp BEx '
Kyushu Institute of Technology', “Hirofumi Tanaka'

E-mail: tanaka@brain.kyutech.ac.jp
U, Y7 Y =T A LR IE - (DL) OFHEEED D (a)-

/s Nonlinear \
6 B3 H R ELVY, 2RISR, N TAIRE (A1) 0% Ak mput || @~ ' "l Wow Output
AT, R AR RS 5 TV B, L C’g j_‘;;%“j‘f;ﬁ)
LIS, BT BEOREXSLREICR- TR, @4 i
RAIHAEET ARPMELEN TS, 2D —DEL TR ) o _,;,-‘  Leomne

Output layer

ENTWAUY =TT (RC, Fig. 1T FEEIRB TS
AN TL=a—I0 3y N —7 @4 BB D E A L HT

Output
R, VYT — R B AT 5T LR E( LS --fi“ziwti(m
N, MAEBEOBRHRES COREETHEOEHRT | O R D>
725, ZOVYAS—JE IR/ — R DT H DRy T —2 -
RNW) THHI LTI B L, Pvirsa s mIEimrt Leaming
ZREENT )~ T T L0 RNW ICEBLI-E DR~
FUT AP A—LIES, 208 S HREELIE BT Supervised

SWNT Por-POM l_|
TN G HEAF A DRETHLIL, EHHE TR LF—
(LIS, ;
Fox X RNW H~7 U7 L EL TR AT ICh b
. (d) Toyota HSR robot (e) One-hot vector
N5 AgS OF /T AFYNW) Ry T — 27 DIEh, : SR | Classification
AZSeNW[1]. Ag:S T JKIT[2,3]. H—RrF /Fa—T = - o u o
Fo NI —7[417228 % Tz, fIch R~ — 5172 8 H Y g R
RA A NZENRE FINDZ L b5, WD |

WATAZLICEVIFEAR— T T s E LU Tlix, lltwm

o1

00 05 10 15 20

9 HE 100TOPS/W FEE &35 2 BHiv, ZAUTEKIN D
TN—T DIER T NAZDRE[6]LIFIEF U TH
By T VT NP R—T ) — R EE I R & <L
. REROMEREM I2XY 1 T34 AL 720D ) —F
108-10° L ICH NS A ZENTEAERASNT
BOPLEMEREW, Y BIXT —XIRE[7], VAT A
JERE[8], A B T [9,10)/2 8 Ry M 7 84
DB BRSNS BILRR T,

HEE AWFSEIC%5 JIST ALCA-Next, JST CREST,
JSPS B &7 L OWF A SR, ~7T V7 LU
IN—HFZE I > CTEV = 2L FRF TR AFZE== 0
AH T 524 OB OG (KT LT 5,

S£Z3#k [1] T Kotooka, H. Tanaka et al., Nature Portfolio,

Fig. 1 (a) Reservoir netw'grig]. All nodes with nonlinearities are
connected randomly. The computation of the intermediate
layer is treated as a black box, so there is no need for training.
Learning is performed only in the output layer. (b) Material
reservoir using SWNT. Junction density was about 800/um?.
(c) Stepwise object binary classification using a single-walled
carbon nanotube (SWNT)/porphyrin (Por-) POM reservoir
device. Toyota's human-assist-robot (left) with a schematic of
the arm connected to the gripper via force sensors collects
tactile data from changes and the grasping force applied to the
objects block and dog. Signal obtained by the sensor input to
the SWNT (black line)/Por-POM (green circle) reservoir with
recurrent connections (red arrow) (upper right) (d) Time-series
inputs obtained from different objects (i.e., Hedgehog (HH),
dog, bus, block) input separately. (e) One-hot vector coding
was used for binary classification. The lines in the graph
represent the respective target signals for HH, dog, bus, and
block, respectively. Modified from original article [4].

archive (2021). DOI: 10.21203/rs. 3.rs-322405/v1. [2] Hadiyawarman, H. Tanaka et al., Jpn. J. Appl. Phys. 60, SCCF02 (2021). [3]
T. T. Dang, H. Tanaka et al., Appl. Phys. Lett. 124, 091903 (2024). [4] D. Banerjee, H. Tanaka et al., Adv. Intell. Syst. 4, 2100145
(2022). [5] Y. Usami, H. Tanakaet al., Adv. Mater. 33, 2102688 (2021). [6] S. Bose et al., Nat. Nanotechnol. 10 1048 (2015). [7] T.
Kotooka, H. Tanaka et al., Appl. Phys. Express, 16, 014002 (2023). [8] Y. Tanaka, H. Tanaka et al., IEEE International
Symposium on Circuits and Systems (ISCAS2023), 2056, (2023). [9] K. Kimizuka, H. Tanaka et al., arXiv:2406.03958v1. [10]#
B2, 2024 4 3 A IS B 2 sl SR 2
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RFENEMS : B - A FERORRESERDORRA

Atomic Force Microscopy: Present status and future prospect
in organic, bio-material fields

R#EifeEto4—!, #aX?2 R#X3 Cw@A Ex '
Kyoto Technosci. Center ', Ryukoku Univ.%, Kyoto Univ.’, “Hirofumi Yamada®**

E-mail: h-yamada@kuee.kyoto-u.ac.jp

1. iXtwic

M2 ) 13, ERZEORNE B F O XE b2 L BRI RERIETH L. ZOFELZBUE
FHWORZ LD THE L L TRBES SO0 TRAHENBME] 25> T R<<lmET
T72R2NEA S, il 56 HPNIHERD THEM AL Bl DR EM (¥ v e )
B2, S6ITiE. B i B IEEE TIZEDL Z 22D 40, BF - 5 F L~V TA
FARBABIZE L COAREE TR o Z LT T AR 2 5, AEBECIlL, A - £S5
FRlEtD AFM 8145 - SHUOBLRZ R ~% & & b2, TOMEE AR DORERIZ OV Thiim L2V,

2. AFM A A=V U 7k

AFM TlE, BERmEOFA (,y) THOLNET) (F). H2WIERE LT IRELNLE (2)
D~y B TG ERET 5FHINETH D, FEBIETORBED MM Z L T 572010, Hil
IpBEAEIE, RMEE - RIRE R IRIEAT AFM (AM-AFM) R°JEE AT AFM (FM-AFM) & 72
B EBR—WZ I o7, Z oL, BEREOSE T B TRHEINEHTH), XN—ANU R
fRIED, AM, FMAGRIEIZRAT L7z 2 S IZxHE L TR0 . MEFAENT O 8 CIER ICBRGEV, BIED
FEEOL L, HmEETHLIAMEE L ~LICHLEREZA L TEBY | BEREDFEA A —Y
VIONEBL, A A=V TRHOGEmEIE S K G TWA[1-3],

3. 74 —A4¥iE (Force Spectroscopy)

AA=T U TIZBNTL, FFED z TO FOMEH S22y, GREF-FUBHEFE BAEH DIk, 30
OEBERYME - BEBRAEEND Z 0D, 74 —A W —7 FeOFHINT +— 253 0EE L
THRRET D, R, AR TR OR RS OfIT~OISHIZEI /0otiE (DFS) ~C R L. &
IREETR M~ v B TIE~E BT L2 L2 D, £, BRSO OFHlETH D
Force Volume i FFRFHICIER LTz, BUE, 74— A~y BV ZIEIIIN ORI D T7IENR D
V. SEIERICHADPEAL TN D, FEEICISWDTEEZ R L 720,

4. BV

BfE, 2 CTohfiti/z Koo, EESEPEATRER., WERNSR - FMFICL-o T, 404 7T L
b HIRIEIIMATII RV E S I b 528, EERE D TIZD DEFHEITERGNTH Y | FHM7R
fRHT « RN TeN D, ETo, ABROBETH D, WMTH T T oA A=V 7 ZRy
R AA BRSO ML, NC-AFM (28T % L E R IREH 2 EIZOW T 72 R 2 Wi L
720,
Reference
[1] “Noncontact Atomic Force Microscopy Vol. 3” eds. S. Morita, F. J. Giessibl et al., Springer (2015.6).

[2] " AR 7 v — TS AT BOKILSERE, RIEZER, 4 — 24 (2013.8).
[3] “Applied Scanning Probe Methods VI”, eds. B. Bhushan, S. Kawata, Springer (2016.7).
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S PMEBEWNTDES & FH#- /1 F MBI
Advances in SPM technology and the observation of organic and biological samples
BiIngd 79 KB KX
Hitachi High-Tech Corporation, ®Masatsugu Shigeno

E-mail: masatsugu.shigeno.kk@bhitachi-hightech.com

<IILC®IZ>
- A A OMREOBM I, TOFE TR L L VIZUEY 7, HAE L BREDR
ZIE MR BR 3 H 0 |, FIEFEIIHZ 200 (RHZENTEHES) LEX, Bll-nbo
(BELWA A=) ZHRIL, BDZ LICEVEFFLE T, B S ORI,
BB S FE 2 OBIELERITIN ., 1980 AARICHEH] S 7z SPM GER Y v — 7 BAMER) 13,
BLUWBIE - ST HIEA R L, ZHARBIGAIEZA D L2 ieE LTEE L,
<A A FBLETD SPM DFFE >
- T BAIREE TIIBURE N LW TR & B A o AR O B
C IR, AR ETO | IEHERIRETOZ D82
- SR D B 5 FRREFAR L Wk O [R] IRF B 22
- HEB O~V =2l —y gy
R, IHE COBEMBIIT R o S E R o TOET,
<A - A AR O >
WD SPM 1T, S fFREBIZRICRHE Lo 2E B8 % < | AR 2 AKX A — V0o m TR
DONFFET LI, 2027 ME— RO AFM T, V7 MNaf - A ARB 285, ¥
A=V DFAERLES~DIHENDOMNEREDORELH Y £ LT, LA—ZHRIREBIZLT, /o=
YEI MRV AT Uy ar sy MR DEE, WIERO B TR 2 MR E 7208 T3 B 38
SH, ERCRREA R EACHHEESIER L CE L L, REOR T - 7 ofEE BT 57
DI, IR T~ v & ORBRHIES, [F—&FT 0 EERE® 2 A L2 oiriEE & ofAas b~
JGHBHER, FTLWHERZ RS T<Ns Lo IR L T&EE L,
<SPM O A]gaME>
SPM 1%, TUINEE A EA LIIR L WA BRI T 2 X 7 mpfi g, B biciR it L T<hE
To ZOXIRBRH-T6 EARFENRTE D, S ETICE XS KT h o Tokkx 22 E % Al
ET DM, A% O SPM OFBICHR b EEZ L B> ThET, 4F T SPM AIEIZRERe N T
PHETH-TH, T /77 /7 aP—HIORRIZLIDZDOEELZTLARRL->TSHTLL I,
JRF » 53 A — /L TOZIRTIGREBLERITIN 2. 4% 22 2 [RIIRE LS E 3 2 el D WA BRI,
EFTETHEEDLEELTNET,
(R 51I2H 0T, BBV, 12 LETS) BELEZVEAWENE Iz - - -
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& FM-AFM [ & 588 - £S5 FOHEE - Yt - #ReesHEl
Surface structures, properties, and functions of organic and biomolecules
investigated by liquid FM-AFM
RAIL! Ok £!

Kyoto Univ. !, °Kei Kobayashi!

E-mail: keicoba@jiic.kyoto-u.ac.jp

JEI P B AR - [ ) B SE (Frequency-modulation atomic force microscopy: FM-AFM) (3. HEIE
25 (Amplitude Modulation: AM) DX A F 3 v 7 E— K AFM # BZZH THWBHEEIZ, T
L X— D) O 3 m < 72 0 MERIRA K E HIR ST L E 5 MEEA IR 572 DIChig &
NIETTHY . I F U= FICHRER B TR ST o F L AA— DR E RO > 7
N BAHEAER 2R T 2 FETH H([1], bivbiud, 7 v F L3—0 O EAEIHIIK T35
WHThH->TH FM-AFM BIfESE 2 2 &N TEDH 2 & 2R L2 BT AR D /A AR
FOERBINHIE 1TV 1T - o RRE 2 2k L72[3,4],

BUE, 1R FM-AFM A B9 70 LR 53 7 O & 4 iR REBL 225,610 AR 1R 4y 1 I AH LA 3 HRI[7,8]
RSN TWDIED, BEIERT CoBIZKERBIERR & O E (EARE) O - BRI
ERHHI9,10IC IS H & TW D, AR TIX, FM-AFM OJFHE & BIROES . DNA - % X7
B - IRESE O @y fRREBLEE . KT IE G, AR A OIS AT e & O MERHR 0O S5
BT DL LB, ABRDOBEIIONWTIERD,

1. T.R. Albrecht, P. Griitter, D. Horne, and D. Rugar, J. Appl. Phys. 69, 668 (1991).

K. Kobayashi, H. Yamada, and K. Matsushige, App!. Surf. Sci. 188, 430 (2002).

T. Fukuma, K. Kobayashi, K. Matsushige, and H. Yamada, App!. Phys. Lett. 86, 193108 (2005).

T. Fukuma, K. Kobayashi, K. Matsushige, and H. Yamada, Appl. Phys. Lett. 87, 034101 (2005).

H. Yamada, K. Kobayashi, T. Fukuma, Y. Hirata, T. Kajita, and K. Matsushige, Appl. Phys. Express 2,

095007 (2009).

6. S.Ido, K. Kimura, N. Oyabu, K. Kobayashi, M. Tsukada, K. Matsushige, and H. Yamada, ACS Nano 7,
1817 (2013).

7. S. Ido, H. Kimiya, K. Kobayashi, H. Kominami, K. Matsushige, and H. Yamada, Nat. Mater. 13, 264
(2014).

8. H. Kominami, Y. Hirata, H. Yamada, and K. Kobayashi, Nanoscale Adv. 5, 3862 (2023).

9. K. Kobayashi, N. Oyabu, K. Kimura, S. Ido, K. Suzuki, T. Imai, K. Tagami, M. Tsukada, and H.
Yamada, J. Chem. Phys. 138, 184704 (2013).

10. K. Umeda, L. Zivanovic, K. Kobayashi, J. Ritala, H. Kominami, P. Spijker, A. S. Foster, and H.
Yamada, Nat. Commun. 8, 2111 (2017).
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ARSF - N M ADXTLOBER 3RTA FMBRHT
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VLA, [E R CHREHE 3RS ER L. ZORICEESHCHIINEN S hEfldkd 5. 3T
AFM (3D-AFM) HAiASBR%E S 4v, VS O K EBI 2 e CICR A ShTnd b, Z o
TiX, B2 KFEIENICIEAT HBRIC, ZOMIEEZHSMICITME L CLE S, L, Kt
HERE LIRS, K08 B CHRRIIC T ORI ZHEEET 572010, M0 IR LIRS A - thiE
L., AROKFEEZRS KB L7 RA G ond, HIcE 2, Bl hod 5 3%t
M, 37206 3 kot H Mk b E (3D-SOS) ThiL, TOWNEZBEE TE L AlREtED & 5,

Texld, ZOBZICHESE, IFEHE A 72 3D-SOS OBIZICHE Y A TE =, BIxIE, TFEk
KRS I TEZE 3 2 IF BB O 3 ROTE E AR 2, Y7 7 A 7RI 2 FimiE A
D 3T EMNEE Ve L a2V T F ) A=V OSFRE TR L LT, 2 b OFHIITIX, FHE
GOEZN 2mm LA F Tho7o720, D AFM & O Jeii B AFET DT ) Ar—L D
LIS T 3 IOTBLEN ATRE CTh o T2, L, ZNLLEDEA %R 3D-SOS DBIEIZIE, £
DOEEEZRESET ZERFFATE D, MRV =— FLROEHPMLETH 5,

ZDBZITEDNT, Fxld T/ WHSE AFM 283 L7z, ZOHEMTIL, blehrbMEVE D
AT HEZ T NMRITHEA L CTHEZBIZET 5 L 9 I iRV =— F/RD AFM P84 A4 & 7o il
ONEICHRA L, MlaNOT /S - Bif8 - 1tz 33 5, FxlXZivE Tlo, Miaek
0, Mz, 77 FUoMHE. MIROEFT OIS BEAENER £ O 3D-AFM BUIERIZEII L T\ D, Y
S HIT, MRS B i OB S A0 DB R ZE b 2 5 Z LI LTV D,

7 NS ARM OB 1T, #8)7e=— RAES S X {ED Z A TE UL, 72 & ZEE D4 um
IZK%53D-SOS ThHh-> THETDONEZ AFMBIZETE 5 2 L A FREL Tz, 72720, nm OEL %
FFO R HAE & 2 pm OEHEFFOMBIORNZIL, %% < O 3D-S0S BARLBIL TE A E £7%
ENTWD, Fro, EMBESE T, 1ZEAEDAEMY AT APVERS 1O B SRR TR
ENTEBY., TD%L 3 3D-AFM OBIExIG L 72 0155, Fox L, FIB YIHIEEEE, & FHrAeRie
B, =R F ) Fa—TRER L xRV A AD=— VRS ZERI L, £ 50 3D-S0S
O 3WITBEE B LIZBRICE Y LA TV D,

1) T. Fukuma, Y. Ueda, S. Yoshioka, and H. Asakawa, Phys. Rev. Lett. 104, 016101 (2010).

2) H. Asakawa, S. Yoshioka, K. Nishimura, and T. Fukuma, ACS Nano. 6, 9013 (2012).

3) T Ikarashi, K. Nakayama, N. Nakajima, K. Miyata, K. Miyazawa, and T. Fukuma, ACS Appl Mater Interfaces. 14, 44947 (2022).

4) M. Penedo, K. Miyazawa, N. Okano, H. Furusho, T. Ichikawa, S. Alam Mohammad, K. Miyata, C. Nakamura, and T. Fukuma, Sci.

Adv. 7, eabj4990 (2021).
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BERFREDEMBEOENER & G AR
High-Speed Atomic Force Microscopy: Technological Advancements and Applications
£ K¥E, ExCELLS N H2Z
Nagoya Univ., ExXCELLS, Takayuki Uchihashi

E-mail: uchihast@nagoya-u.jp

JR A BB (AFM) & AW T2 & A F- 2 7 ZBIEE, AFM OFBE# D 1986 F:725H 2% < DRk
FHITONTE T, 1989 FTiE, MIREEEK T CTHD7 47V / —F7 v OEAIBEN 10 B OKF
MofERe CRIZE SN 5D D, 1990 U, 10 F~1 HFEE DR 53 fifHE T DNA R
RIBEBELTEREN N O0H D, 2 ORI EE B CEX WK FOL A F I 7 28
ERROLN TN L& REHIF A=V 52 TICHERENICEHRA A= 75 L OH
TREEZ 235 ISR LA O IREN Th 7=,

AFM D@ iz 72 BRI, A v F—h o F A= it iih o 7 r—7
THED HILTE T, 2001 FFIZEIRKFOLREBIR ) WA S mE AFM (X, 80 ms/frame &\
IPEFRD AFM X 0 [EEIFNE VR D FERE COA A —T v T HTERK L, & V30 B O & il
LZRWIFREMEZ Al 2 TV D & W S R TEBI Th - 722, £ D% b IR ERBIZZ M 7oAk 4
PR EAN S B 3 ke S AL, 2008 FREIC B THERE D R AFM 23 EITHESL L7z, BABE, 15 <2
Teo TH R BRI EDERG T E2RRE LI AT I AL A=V TR S,
e OREENZET O TE 39, IECE—F—b8Mm L, BERmCuIEmo—gz7- 8o
TW5,

BT T, B LIS O N L5 OBV REBIZZT & =il AFM 23 S IG5 B~
DICHEFAPIER L TV, o, MEloREMESEA A - I EELT, Tr—7000
1% R LTS E S| AT IR O EEEH O~ vy BV T B RERICZR o TETNVD, &S
HIZ, HIE AFM O 7 L— A b— Mg MR EZTEH T2 2 & T, JRfEk AFM & FEEHL 5 &g
BA A= THM~DIGHNAREE 7o > T D D, JHEL AFM TiX, @il AFM IZ X - THE DS
NOREBEOEBT —2 %5 Z LT, B rOBELBEMMGE TRt 52 N TE S,
ZOFEE, EERGFOWREA 1 = X LADEIR, T/ A7 — /L TOMEHHEDFHGiZ2 £ 1#IA
W B COISHA I F STV D,

ARIEFR T, @IE AFM OAERGFISH OWFEZFRIT L oD Ef O ERIZ OV TR 5, Nz
T, BEDERG DA F I 7 ZAFHARCHREILRIZ B 2 B EMIC SV T H iR 5,

1) B. Drake, H. Hansma, D. Cannell, A. Weisenhorn, S. Gould, C. Quate, P. Hansma, T. Albrecht, and C. Prater, Science

243, 1586 (2006).

2) T.Ando, N. Kodera, E. Takai, D. Maruyama, K. Saito, and A. Toda, Proc. Natl. Acad. Sci. 98, 12468 (2001).

3) T Ando, T. Uchihashi, S. Scheuring, Chem. Rev. 114, 3120 (2014).

4) G.R. Heathm, S. Sheuring, Curr. Opin. Struct. Biol. 57, 93 (2019).

5) T Fukui, T. Uchihashi, N. Sasaki, H. Watanabe, M. Takeuchi, and K. Sugiyasu, Angew. Chemie Int. Ed. 57, 15465

(2018).

6) C. Ganser and T. Uchihashi, Nanoscale 11, 125 (2019).
7) G.R. Heath, E. Kots, J. L. Robertson, S. Lansky, G. Khelashvili, H. Weinstein, S. Scheuring, Nature 594, 385 (2021).
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RFENERB\ELZRAN-ERF T/ AV XDER
Advances in polymer nanomechanics using atomic force microscopy
RIAYR' Ok &'

Tokyo Tech. ' °Ken Nakajima'

E-mail: knakaji@mac.titech.ac.jp

JFF-RABEEE (AFM) W= TF ) A =2 2 Vid, T A7 — )L DOSMRRE THEE & OV
(7R RO TRV X~ OB ERDL ZENTE, B TYHZOIEIER Ny 7 %
BT DD DI 7Y — VL 7o T D, ARERTIEZDOWL DO FFIEZHFTT 5,

—OHOFEH E LT, EEOTATICHLI—ART T v 7 (CB) FIETLDTF ) JI7HIZEH)
EABUET DT OICARFEE W, 20
FEH. Fig. 1\ T X212, CB 2RHELE
= AERPTHNS AR — R AT & 7~
ZEMWbhotz 2 E7- Fig 2 DR/ SI5Y
b RE—MZ R L MR OIS /)13 CB KL
T OEFEIRICEFT L TWDZ ERbho
77

ZOoHOHEFE LT, YU BT RTE
FEHE U727 2 b R & S & x4
L 7-0F50 Tl 3 15 B L7 iR & Hofk = ¢
LRG| JEE 20 nm O FE TR ¥ v
J&DOTFLENEH 4L, & OEITHMER DK
TEHBIEOFHIER LT, ZOFELD
VR % Halpin-Tsai &5 LA- @l iAde = Fig 2 In sitt APM modulus images of the same region
LG B LT EE LT A HE Dy b at macroscopic compressive strains & = 0 and 0.4,
OBIIRBIERIZ KT T U B RO
DNTH I ELHAT D LN TE D,

Y HIEZ OO ERC, BIHRT S SO EELDORHENANC OV T HRENEITH TETH D,

Fig. 1 In situ AFM height images of the same region at

macroscopic compressive strains ¢ = 0 and 0.4.

CJN 7 Snnpow yNf

1. Nakajima, K.; Ito, M.; Wang, D.; Liu, H.; Nguyen, H. K.; Liang, X.; Kumagai, A.; Fujinami, S.; Microscopy
2014, 63, 193-207.

2. Liang, X.; Kojima, T.; Ito, M.; Amino, N.; Liu, H.; Koishi, M.; Nakajima, K.; ACS Appl. Mater. Interfaces
2023, 15, 12414-12422.

3. Nguyen, H. K.; Shunto, A.; Liang, X.; Yamamoto, S.; Tanaka, K.; Nakajima, K.; ACS Appl. Mater. Interfaces
2022, 14, 47213-42722.
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KimA 4 2/ BFBEMBBEMD T/ R 75— L - TINA4 A~D: AR
- UROY LREICHT=Y-
Application of Advanced ion / electron microscopy for future nano scale materials and devices
-Introduction to the Symposium-
ERT!, RREHX? ONI BE-!, A0 F?
AIST L, TUS. 2, °Shinichi Ogawa!, Jun Taniguchi?

E-mail: ogawa.shinichi@aist.go.jp

This symposium aims to broadly discuss research outcomes and technologies related to the control of
nanoscale material properties, the creation and evaluation of devices using advanced gas (helium)
ion/electron microscopy techniques. The goal is to deepen understanding of these cutting-edge ion/electron
microscopy technologies and to promote their further effective utilization in the research and development
of materials and devices. In Japan, the research applications of advanced ion microscopy, particularly
scanning gas ion microscopy, remain extremely limited. It is essential to discuss and promote the broader
adoption of this technology for its significant potential in physics, chemistry, materials science, and device
development. This technique can focus the beam to a diameter as small as 0.35 nm, allowing for the precise
control and processing of material properties at the nanoscale. It is a critical technology for the fabrication
of novel ultra-fine devices and the manipulation of ultra-fine physical phenomena. Beyond its applications
in semiconductors, it offers promising possibilities in thin films, surface science, two-dimensional materials,
superconductors, phononics, and various other fields. Moreover, atom probe technology is a precursor to
the development of gas ion microscope ion sources and has remarkable applications in the atomic-level
analysis of impurities in semiconductor microstructures. On the other hand, recent advancements in
electron microscopy technology used for evaluating ultra-fine nanostructures have been impressive. This
symposium will also discuss atomic-resolution scanning transmission electron microscopy (STEM) and
ultra-low acceleration electron microscopy (SEM) technologies.

Related symposia have been continuously held during the Spring and Fall Meetings of 2017, the Fall
Meeting of 2018, the Spring Meeting of 2019, and the Spring Meeting of 2020. We aim to foster deep
discussions and encourage participation from experts across various fields. We would also like to express
our gratitude to the Nano Charged Particle Beam Industry-Academia Collaboration Committee (7~ ./ fif 75
i B — APESEHEE DS B 23) of the Japan Society of Applied Physics for their invaluable cooperation in

organizing this event.
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From Dual Damascene to Semi-Damascene and new materials:
opportunities for characterization in interconnects
Zsolt Tokei, Imec, Kapeldreef 75 B-3001, Leuven, Belgium

E-mail: zsolt.tokei@imec.be

Going forward Back-End-of-Line innovations will be required at design, module and material level. A
research roadmap along with pitch scaling at the local level and potential material changes is shown in Figure
1. These options represent a rich variety of tight pitch metal lines and vias -, starting at about 26nm pitch all
the way down to 12nm - combined into a multi-level configuration. Today the state-of-the are interconnects
are based on damascene technology. Copper dual damascene is a well-known cost-effective industry standard.
Control of both vertical and horizontal resistances are crucial along with matched capacitance to keep RC-
delay under control, while maintaining robust mechanical properties compatible with packaging technology.
Furthermore, with the emergence of backside interconnect options there is a growing need of better
understanding thermal material properties as well. These are multiple parameters to optimize simultaneously.
To overcome the challenges, several options are being investigated such as for example single damascene,
direct metal etch and semi-damascene modules. Besides copper, tungsten, molybdenum, ruthenium emerges
as potential part of the puzzle. Going forward binary and ternary alloys might be necessary and even 2D/1D
conductors are of research interest. From characterization point of view this opens a lot of opportunities: thin
lamella preparation, high resolution imaging, revealing local information at interfaces, understanding and

characterizing defects and their impact on resistance etc.

Figure 1 Interconnect module and material options to fuel standard cell scaling; MP: metal pitch
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References [1] Zs. Tokei et al., IEDM2021, [2] K. Croes et al., IEDM 2020, [3,4] M. Van der Veen et al.
IITC 2022, IITC2021, [5] G. Murdoch et al., VLSI 2022, [6] A. Gupta et al. [IEDM2023, [7] G. Delie et al.
IITC2024, [8] S. Achra et al. IITC2020 [9] C. Adelmann et al. IITC 2023, [10] C. Fleischmann et al.
IITC2024
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Evaluation of hydrogen-gas-field-ionization ion source and its application
R E—1 M LR BE =82
Center for Digital Services, Hitachi, Ltd.?,
Center for Exploratory Research, Hitachi, Ltd.?

E-mail: shinichi.matsubara.zm@hitachi.com

A gas field ionization source scanning ion microscopy (GFIS-SIM) using light element gases, such as
helium or hydrogen, is expected to improve the resolution of sample-surface observation because the
diffraction aberration is smaller than that of scanning electron microscopy at the same beam acceleration.
GFIS-SIM using heavy element gases, such as neon or argon, is also expected to improve processing
accuracy compared with conventional focused ion beam (FIB) systems equipped with
liquid-metal-ionization sources or plasma-ionization sources.

We present the results of an energy analysis of hydrogen ions by ion beam retarding with an electrostatic
lens. Several hydrogen ion species are generated from the hydrogen-ion GIS, among which Hs* was shown
to be the most suitable for surface observation through this analysis.

We also propose a method of introducing a mixture of light and heavy element gases into the GFIS to
eliminate the gas-venting time and speed up the switching of processing and observation functions by
changing ion beams. With this method, the beam can be Blice

\

==l e

switched from a hydrogen ion beam to neon beam in 0.7

seconds by switching the voltage to the electrode, such as
the extraction voltage.

The feature of this switching function is that the two
types of beams are emitted from the same column. It is
easy to combine the observation and processing functions
under optimal conditions for beam  focusing
(high-resolution conditions). In a multi-column system, e.g., © | ! ."""°.':l"’{"::
FIB-SEM system, the distance between the objective lens ek
and sample surface (working distance) on the SEM column
side must be larger than the optimum value to switch
between processing and observation, which forces

) o (@ Scanning ion microscope (SIM) image
observation  under unfavorable  conditions  for before dig process and schematic

cross-sectional view of Semiconductor
devices with three-dimensional structures

column for focusing two ion beams, eliminating the (3D NAND) sample. (b) SIM image after
dig process (c) Superimposed images

high-resolution. Our method uses only one identical

above limitation.
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Nanoscale High-Transition Temperature Josephson

Junctions and SQUIDs

S.A. Cybart,
Department of Electrical and Computer Engineering,

University of California Riverside, Riverside, CA 92521
cybart@ucr.edu

Focused helium ion beam nanolithography is a promising approach for fabrication of high-
transition temperature superconductor circuits. With this method, a 0.5 nm diameter beam of
40-kV helium ions is scanned over the material, which undergoes a metal-to-insulator
transition, due to ion beam induced disorder. (Figure 1.) Regions converted to insulators can
be as narrow as 2 nm and serve as Josephson junctions [1] and SQUIDs [2]. Our laboratory
has investigated the helium ion beam process and report the electronic transport properties of
Josephson junctions fabricated from a range of different ion doses. At doses below 200 ions
/nm the junctions exhibit superconductor-normal metal-superconductor (SNS) properties.
These SNS junctions have higher resistances and less excess current than masked ion beam
junctions. For higher ion beam doses greater than 300 ions/nm, we observe Josephson
junctions with superconductor-insulator-superconductor (SIS) properties. In these devices the
voltage state resistance increases with decreasing temperature which suggests that the
intrinsic shunt is behaving as an insulator with hopping conduction. We correlate these
transport properties with Monte Carlo ion implantation simulations which estimate the extent
and spatial distribution of the ion beam induced disorder.

Figure 1. Optical image of a YBCO
thin film microbridge chip where the
ion beam was scanned across each
bridge with different fluence to
study how ion dose effects electrical
transport. (Left inset) Full view of
the bonded 5 mm x 5 mm YBCO on
sapphire chip bonded in a chip
carrier. (Right Inset) Representation
of the helium ion beam interacting
with a crystal of YBCO.

[1] S. Cybart, E.Y. Cho, T. Wong, et al. “Nano Josephson

superconducting tunnel junctions in YBa;Cu3;O7_; directly patterned with a focused helium ion beam” Nature
Nanotech 10, 598—602 (2015). https://doi.org/10.1038/nnano.2015.76

[2] H Li, H Cai, E.Y. Cho et al , "High-transition-temperature nanoscale superconducting quantum
interference devices directly written with a focused helium ion beam", Appl. Phys. Lett. 116, 070601 (2020).
https://doi.org/10.1063/1.5143026
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Nanosized quantum sensor spots in hexagonal boron nitride
created using helium ion microscopy
UTokyo!, °Kento Sasaki'

E-mail: kento.sasaki@phys.s.u-tokyo.ac.jp

In this presentation, we introduce a technique for creating quantum sensors using helium ion microscopy,
and our recent results [1,2]. Since 2020, a boron vacancy (Vg) defect in hexagonal boron nitride (hBN), a
vacancy at a boron site, has been found to function as quantum sensors even at room temperature. By a
mechanism similar to the nitrogen vacancy center in a diamond, a representative quantum sensor, the
electron spins of this defect can be optically initialized and read out. It allows optical detection of magnetic
resonance (ODMR) of the defect’s electron spin. In quantum sensing, the magnetic field strength is
determined based on the Zeeman effect from the resonance frequencies obtained by ODMR. This quantum
sensor works even when the hBN flakes are less than 100 nm thick. It provides nanometer proximity to
measurement targets with the van der Waals forces. This proximity is essential to take advantage of the
sub-nanometer size of quantum defect sensors to obtain high sensitivity and spatial resolution.

V3 can be created by irradiating hBN crystals with ions, neutrons, or electron beams. Typically, irradiation is
uniform and quantum sensors are produced with uniform areal density throughout the flake. In such case, the
spatial resolution of the magnetic field imaging is limited to the optical resolution of ODMR system. It is
typically about 1 um, which is more significant than the hBN flake thickness; even if the sensors adhere to the
measurement target, the static stray magnetic field from the target is spatially averaged. Thus, the excellent
adhesion property of the hBN quantum sensor cannot be fully utilized.

To mitigate this issue, we arrange nanosized sensor spots using helium ion microscopy (HIM) [1,2]. HIM is a
microscope that utilizes focused helium ion beams to enable resolutions of up to sub-nanometers. As a
proof-of-principle, we used HIM to irradiate He ions to spot sizes of less than (100 nm)? to create quantum
sensor spots. We demonstrated that magnetic field imaging with higher spatial resolution by arranging sensor
spots in an array [1]. We also characterized quantum sensors created with different hBN film thicknesses,
substrate surfaces, and ion dosages. The obtained results were discussed to obtain the irradiation conditions that
maximize the sensitivity [2]. Our creation technique can be applied to 0-dimensional objects, such as quantum
dots, and symmetric or periodic structures, such as magnetic domains and superconducting vortices.

We would like to thank Mr. Tomohiko Iijima, operator, for the use of the helium ion microscope in the Super
Clean Room at the National Institute of Advanced Industrial Science and Technology (AIST).

[1] K. Sasaki, Y. Nakamura, H. Gu, M. Tsukamoto, S. Nakaharai, T. Iwasaki, K. Watanabe, T. Taniguchi, S.
Ogawa, Y. Morita, and K. Kobayashi, Appl. Phys. Lett. 122, 244003 (2023).

[2] H. Gu, M. Tsukamoto, Y. Nakamura, S. Nakaharai, T. Iwasaki, K. Watanabe, T. Taniguchi, S. Ogawa, Y.
Morita, K. Sasaki, and K. Kobayashi, to be submitted.
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Charge trap memory based on MoS: with He*-irradiated h-BN as a trapping layer
Kansai Univ. !, NIMS 2, Saitama Univ.%, AIST#, Tokyo Univ. Tech®.
°Mabhito Yammoto?, Takuya Iwasaki?, Keiji Ueno?, Takashi Taniguchi?, Kenji Watanabe?,
Yukinori Morita*, Shinichi Ogawa®, Yutaka Wakayama?, Shu Nakaharai®

E-mail: myama@kansai-u.ac.jp

Charge trap memory has attracted much attention for applications in memory-based computing.
Two-dimensional (2D) materials such as graphene and transition metal dichalcogenides have great potential
as building blocks of charge trap memory, owing to the absence of surface dangling bonds and the stacking
degree of freedom. However, wide range control of trap density is challenging with an intrinsic 2D material,
although is crucial for novel analog computing applications. Here, we fabricated MoS;-based charge trap
memory using He*-irradiated h-BN as a charge trapping layer, where the trap density can be tuned widely
with the He* dose amount. BN flakes were exfoliated from bulk crystals onto Si/SiO2(285 nm) and
irradiated with He* by using a helium ion microscope. After the irradiation, MoS; flakes were transferred
onto He*-irradiated h-BN and Ti/Au electrodes were defined by the electron-beam lithography method (Fig.
1a). The trapping properties of BN-supported MoS; were investigated at room temperature in vacuum using
the field effect geometry, where Si and SiO; serve as a gate and a gate dielectric. Figures 1b-c show transfer
characteristics of FETs based on MoS; on He*-irradiated BN with different dose amounts (D). The FETs
show hysteresis in the forward and backward gate sweeps, hence working as charge trap memory. With
increasing the dose amount, the hysteresis window monotonically widens, indicating that traps are present
at defective sites in h-BN. However, at D ~ 10 cm, the off state was suppressed, possibly due to the
significant increase in the trap capacitance, which may be unfavorable for applications in charge trap
memory. Our results could be a guidance to create a charge trapping layer with the controlled trap density
for memory applications. Acknowledgement: This work was partly supported by the JST SICORP program
(grant No. JPMJKB2103) and ARIM of MEXT (JPMXP1224NM5118). We extend our gratitude to Mr.
Tomohiko lijima (AIST) for operating the AIST SCR HIM during the helium ion irradiation process.
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Figure 1. (a) Optical image of MoS, on He*-irradiated h-BN on a Si/SiO; substrate. (b)-(d) Drain-current
(lg)-gate voltage (V) characteristics of MoS; on He*-irradiated h-BN with dose amounts (D) of 104, 10%,
and 106 cm. The drain voltages (V) are 1 V.
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Graphene phononic devices for thermal rectification with He Ion beam technology

F.Liu', K. Sun', Q. Jia!, H. Zheng', M. Muruganathan?, H. Mizuta®
Ocean University of China ', Japan Advanced Institute of Science and Technology (JAIST)?
E-mail:lfy@ouc.edu.cn

Graphene is one of the most famous representations of two-dimensional materials with its super physical
and chemical properties. With the helium ion beam milling (HIBM) technique, the original graphene
structure is artificially modified with a nanometer periodical configuration (Fig.1). It forms a 2D phononic
crystal structure for phonon engineering to control the phonon transmission with artificial nanostructures
[1]. As the phononic crystals introduce the asymmetry in a suspended graphene ribbon, the thermal
rectification phenomenon has been observed and investigated.

In this talk, we will demonstrate the graphene nanostructure fabrication processes with the HIBM
technique by coupling it with advanced graphene Nano-Electromechanical System (NEMS) technology. It
includes how to reshape the suspended graphene ribbon [2] and pattern periodical nanopores with a 6 nm
diameter on a graphene ribbon [3]. With the established experience above, asymmetric graphene phononic
crystal structures are introduced on a suspended graphene ribbon. With the help of a differential thermal
leakage method, the thermal rectification phenomenon is observed with up to 60% thermal rectification
ratio at 150 K [4].

In order to understand the mechanism of thermal rectification on graphene phononic devices, we deeply
investigate the phonon transport behavior from each part of the device composition, especially the
graphene-gold interface (Fig.2) and asymmetric graphene structures (Fig.3). We use both the molecular
dynamics simulation method and the finite element method to investigate the wave properties of the
phonon, and found that each part of the device composition gives different weights of the contributions for
the thermal rectification phenomenon. This work provides both experimental and theoretical support for

further developing graphene-based thermal management devices.

Transmission Cot

Fig. 1: Schematic illustration of the graphene Fig. 3: Wave phonon transmission properties
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Fig. 2: Molecular dynamics simulation to investigate the interface heat transfer properties.
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Direct Patterning in Ultrathin Silicon Nanosheets

Utilizing Helium Ion Beam Irradiation

AIST!, TRC? oYukinori Morita!, Kensuke Inoue?, Ryuichi Sugie?, Shinichi Ogawa!
E-mail: y.morita@aist.go.jp

Helium Ion Microscopy (HIM) has been used as an electron microscopy using secondary electrons
generated by focused helium (He) ion beam irradiation onto the sample. Using ion collision phenomena, it is
also possible to modify material properties and perform etching processing by tuning the energy and dose of
the He" beam. In this work, ultra-thin silicon nanosheets were irradiated with the focused He" beam and aim
to perform nanofabrication with nanometer-level position control without using lithography technology.
Using an extremely uniformly thinned silicon layer, we verified the possibility of forming nanopore arrays
with positional control, like two-dimensional materials [1].

A (100) oriented silicon-on-insulator (SOI) sample was used for the experiment. The SOI was etched with
oxygen to a thickness of approximately 1 to 3 nm [2]. The He" beam was focused at approximately 0.35 nm
and the acceleration voltage was 30 keV, and changes in processed shape and defect generation by modulating
the dose were investigated. Fabricated shapes were evaluated using a secondary electron image of the sample
using HIM.

Figure 1 is a typical HIM image of the sample surface irradiated with 7 x 7 of 20 nm rectangular dots at
a pitch of 100 nm. A bright spot is observed at the irradiation position, and as the dose increases, the central
part of the irradiation area changes into a “concave” shape. Overall, swelling due to blistering [3] caused by
helium gas injection is observed, noticeable over 1e19 cm™ irradiation. The photoluminescence measurement
revealed that before and after nanopore formation no significant increase in defects was observed due to ion
irradiation. When the SOI layer is made even thinner, the dose required to create the depressions shown in

Fig. 1 decreases, suggesting that He" beam irradiation realizes nanofabrication of the ultrathin Si layer.
This work was partly supported by JSPS KAKENHI, Grant Number 22K 18799.

[1]F. Liu et al., Nano Futures 5 (2021) 045002.

[2]Y. Morita et al., IEDM 2015, 390.

[3] V. Veligura et al., Beilstein J. Nanotechnol. 4 (2013) 453.

Fig. 1 HIM images after HIM nanolithography on very thin (3.6 nm) SOI. The image area is 1200 % 1200
nm. (a) 1lel7, (b) 118, (c) 1e19 cm™? of He* dose, respectively.
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In-situ and precise atomic-scale transmission electron microscopy for electronic
materials
Kumamoto Univ. !,°Yukio Sato!,
E-mail: sato-yukio@kumamoto-u.ac.jp

Intriguing physical properties of materials often originate from their micro and nano-scale structures and
their responses to external stimuli. In this context, we explore dielectric materials as a prime example. The
emergence of dielectricity, piezoelectricity, and ferroelectricity is closely linked to the intricate details of
the crystal unit cell and the structure of domains where the polarization of numerous unit cells is aligned in
the same direction. Moreover, the response of these structures to applied external electric fields plays a
significant role. (Scanning) Transmission electron microscopy is a powerful method that enables us to
elucidate detailed unit-cell and domain structures, along with their responses to an electric field, with high
spatial resolution and in real time. In this talk, we will introduce some of our key results.

The atomic arrangement of crystals can be directly observed using atomic-scale STEM (scanning
transmission electron microscopy). However, errors in the obtained internal atomic positions within unit
cells and lattice parameters are usually not negligible. We have developed a methodology that significantly
reduces these errors. Errors in lattice parameters can be reduced from 2—3% to 0.1%, and those in cell
angles from approximately 0.6° to around 0.1° [1,2]. This method can be applied to determine or discover
new crystal phases in localized regions.

In-situ electrical biasing transmission electron microscopy (TEM) has been utilized to visualize response
of ferroelectric domain structure by applying electric fields. For example, it was clarified that lamellar-like
nanodomains in a piezoelectric single crystal, PMN-PT (0.68Pb(Mg1,3Nb23)O3—0.32PbTiO3) reorients by
applying an electric field and revert to an original state when the field is removed. These results can explain
a part of piezoelectric coefficient and the low hysteresis in the strain-electric-field loop [3]. Not only
direct-current electric field but also alternative-current field can be applied using our system. Furthermore,
such in-situ observations can be done at an atomic scale precisely by combining the aforementioned
methodology [2,4].

References

[1] Fujinaka et al., J. Mater. Sci., 55, 8123 (2020).

[2] Sato et al., Phys. Status Solidi, RRL, 14, 1900488 (2020).

[3] Sato et al., Phys. Rev. Lett., 107, 187601 (2011).

[4] Sato et al., Appl. Phys. Lett., 111, 062904 (2017).
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Mapping Dielectric Response of Materials by Time-Resolved Electron Holography
EEHF CEMS!, BILH4ERT? Ol ¥l AE 42 KA BFL RA B EE K&
RIKEN?, Hitachi, Ltd.2 ©Y. lwasaki!, T.Tanigaki?, K.Shimada!, K.Harada!, D. Shindo?

E-mail: yoh.iwasaki@riken.jp

BRACFRTOMNICE A SNDFHES N F721% AC A o E—F 2 2AHEX, 256 1Ok i
N2 B ve. EIE DB Z A0 FIETH D, MIERR 2 BB 5 5B # 05 22 2 % TRt o
NIBREE ~DIRENE LN D DT, KERISHND S, WoE B BAT 757 0 —1%, B
B TRUBH R 5 NTA W OZEROENM M A BEBL T2 FELE L THLND, 61T, ZhERitE
JETOREBHIEM T2 Z &Ik 0 [REEIGE OZEM M A2 £ EEICBIITE anh] &&ExT, @

i) _JEXK‘R) 5 SIE | B ; =

1 MHz Intermittent bias Constant bias
Fig.1 (a) Interference image obtained with accumulated exposures synchronized to the periods with +1V bias

voltage on the specimen repeated at IMHz. (b) Phase image reconstructed from the interference image, (a).

(c) Phase image reconstructed from another interference image (not shown) obtained under +1 V constant bias.

LitA A AZGEE DT T AETIv 7R R Ll , ST 204 B BN ARRL TEIIR SR EUT, I#

BT 300kV Ot E 7 BFHSE (HF-3000X, Hitachi, Ltd.) D& 7t —24% ON/OFF L CARRR AT w7
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RN R L 7= B 2 Rl B L 7= F iM% % Fig. 112, ZHUCHESWCTHAE LS4 Fig. 1)1k LT-,
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(1) Y. Iwasaki, Z. Akase, K. Shimada, K. Harada, and D. Shindo, “Time-Resolved Electron
Holography and Its Application to an Ionic Liquid Specimen”, Microscopy, 72 (2023) 455-459.
(2) International Patent Application: PCT/JP2022/011544.
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Characterization of monolayer film with an advanced ULV-SEM
Nano-scale Characterization Center, JFE Techno-Research Corporation?, Faculty of Engineering
Sciences, Kyushu University?, °Takaya Nakamura!, Masakazu Nagoshi', Kaoru Sato!, Hiroki
Ago?
E-mail: t-nakamura@jfe-tec.co.jp

Two-dimensional (2D) materials with atomic-level thicknesses are attracting attention because of their
novel electronic, optical, and magnetic properties [1]. It is important to control the number of layers,
composition, and structure of these 2D materials, and thus a method to evaluate them quantitively and
easily is required. Although scanning electron microscopy (SEM) is widely used for microscopic evaluation
of materials, conventional SEM is not suitable for characterizing 2D materials. In recent years, SEM and
related techniques have made remarkable progress. For example, ultra-low accelerating voltage SEM
(ULV-SEM) enables surface-sensitive observation. A new windowless energy-dispersive X-ray
spectrometer (EDX) allows elemental analysis under the same conditions where surface-sensitive
observation is performed [2]. We have been working on the evaluation of various advanced materials by
making full use of these techniques [3]. In this study, we characterized 2D materials such as graphene oxide
(GO) [4] and molybdenum disulfide (MoS>) using the latest ULV-SEM equipped with a windowless EDX.

Figure 1 shows backscattered electron (BSE) images and EDX elemental mapping images recorded for
a MoS, monolayer film with accelerating voltages of 5 kV (a) and 1 kV (b). The monolayer sheet of MoS,
a kind of transition metal dichalcogenide (TMDC), was deposited on a sapphire substrate using a CVD
method and then transferred onto a SiO2/Si substrate. The MoS; film is not visible in the BSE image, and
no S or Mo distribution could be found in the EDX mapping with the accelerating voltage of 5 kV. This is
because the information depth at 5 kV is much deeper than the thickness of the MoS; monolayer film
(estimated to be about 0.6 nm). The peak energies of S-K (about 2.31 keV) and Mo-L (about 2.29 keV) are
close together, making separation of the peaks difficult with EDX. We think this is also a reason why
distribution of S and Mo are difficult to be detected. In the BSE image at 1 kV, MoS; films exhibit a
brighter contrast on the dark SiO./Si substrate. The S-L and Mo-M signals are detected corresponding to
the MoS; film in the EDX mapping. A decrease of Si signal in the MoS; area compared to that in the Si
substrate is also observed. The new high-sensitive windowless SDD enables detection of ultrasoft X-rays,
such as Si-L (about 0.09 keV), S-L (about 0.15 keV), and Mo-M (about 0.19 keV) lines that cannot be
detected with a conventional EDX. The shallow penetration depth of primary electrons and the relatively
large energy difference between S-L and Mo-M peaks made it possible to visualize the distribution of S and
Mo. This ULV-SEM/windowless EDX will provide characterization of various 2D materials with a high
throughput.

References: [1] H. Ago., Oyo Buturi, 90(2021) 617-622. [2] M. Nagoshi, K. Sato, and T. Aoyama, J. Surf.
Anal. 24(2017) 129-135. [3] T. Nakamura, K. Sato, and M. Nagoshi, J. Surf. Anal. 26(2019) 206-207. [4]
https://www.oxinst.jp/casestudy/jfe-tec
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Fig.1 BSE images and EDX mapping results of MoS2 monolayer at (a) 5 kV and (b) 1 kV, respectively.The analytical areas of (a) and (b) are identical.
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75 AT REEMLIC & B ERIESEMTOEM
Wafer Bonding Assisted by Plasma Surface Activation and its Application
ERH, =8 8
AIST, Kenji Takahashi
E-mail: kenji.takahashi@aist.go.jp

1986 £FIZ Si 7 = NDIE DRI OWT O % IBM[1] & HZ [2] SRR L TH 5 40 FFi < 53
WXz, OO DFUIHWV S Y = ADEBLIRT 2D RT7 Sih e WO EWIED - 7203, HED
AHZZALE LTY 2 NARENFET 5 Si-OH ZD Si-O-Si A Z M L7z 2 8 BT TWEHT
BHE L TW 5, IBM IEEREFHKH TOMERICA O Si 2 umEL Ty F 7352k
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[1] J. B. Lasky, Appl. Phys. Lett., 48(1), 78, 1986.

[2] M. Shimbo, et al., J. Appl. Phys., 60(8), 2987, 1986.

[3] H. Takagi, et al., Appl. Phys. Lett., 68(16), 2222, 1996.
[4] HICLH, TL 7 b r=2 RFEEFREE, 27(1), 163, 2024
[5] S. Kobayashi, et al., IEDM 2023, 35-2, 2023.

[6] A.Jourdain, et al., Proc. 72nd ECTC, 1531, 2022.

[7] H. Mitsuishi, et al., Proc. 73rd ECTC, 1664, 2023.
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Interfacial Characterization of Novel Bonding Dielectric Films for 3D Integration
BREX L OMDFEN #A L M) kR =&, HE BX?
YOKOHAMA National University!, °Hayato Kitagawa®, Ryosuke Sato!, Fumihiro Inoue?

E-mail: inoue-fumihiro-ty@ynu.ac.jp
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Direct bonding of dissimilar materials using atmospheric pressure non-equilibrium
plasma jet
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DPRETENTWS, £z, =L 7 br=J AGTIZBNTYH, V=T 7 70T 31 ZERIC T
TSR DB, 6 AL (6G) T TIREEBAROEER 7 LT AT Y v R
ROMELE LTHIR SN D 7 » BRIIE R & DS - AR~ DR EI O KD BT
ETND, INHDISHOEROT-OITIE, @B & HEME SHERE 4 < B72 2 SRR B
IREICHEEES T ORISR OND, SR LEARMEIOBE T AD—2L LT, ®F%
BATHHEMMEIORMSIT ETMAL, BhLTHEATIRESERH S, BYESEIT) Ny
NP A & DT A B & Ug 3 il R A B R A A G 2 BA AT 12 PR E &
NAMESERH D, o OREZRT D012, B - 7 VD NVROWEEREEY A3 5 mEE
REEH M T A~V = » S RO RELERIC X D BIETRERA G B XN KRREIE
TITRAZ Y=y RPDOANBI L HDEHEMEERH Uiz, ©R & ARME L o SR EHE P S
DEBRAEFTZIEZAT> TV D, THETIZ, FHEICHBEEREEZA LRV RY) =F L
WL T, 77 AT L D RIE~OBIEEREEM G AR T L b, Rz FLobxr
VUADOBERIC L D EHEEASEFB L TV D, EmEE R A LS IR T D AR
IZBWTH, I ATUBUCE W THESREAHINTE L Z LML TWD, flxiE, A7
A ERY T =R — b OEHHEE TIEW T OMENC 7T A~ RIS %2179 2 & T, RELHEOM ¥ A
AW B EAZ RSB D EEEA AT 82 [(FO#ATRE NG LTV 5,

AFEH T, &8 & AR O RFEMEHEH#E S B T D KRBT 77 A~vY =y F &
W27 T R VR X D REASRE DR LI oW, FRCHEE - fIEFHEE CTHV LN SR
LA EHZ DWW TRE LR RICOW Tl T 5.

HEE - AWFTERCR O—E0IE,  IST BFJERCALRBH 3 e i R i R B S 7" 7' F . ASTEP 7
A7 v b IPMITM22DF O 34853217 7=,
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INT—TIN ADESHEMM
Power Device Bonding Technology
KRAKXI ', FEIEKXEH?
O FMK' KF M2 FHL BAEL KF BN BN EE!
Osaka Metropolitan Univ. !, IMR Tohoku Univ.2
OJianbo Liang!, Yutaka Ohno?, Koji Inoue?, Yasuyoshi Nagai?, Naoteru Shigekawa'
E-mail: liang@omu.ac.jp

A KXy o EEKTHD SIC (U ar—s34A R), GaN (Z{tH U 7 4), Ga0s (fiRfk
TV T R) I, BN Z R DT20, NT—FT S ZA~DISHIFERED T, i
DDOTNA ZTHEFICKREOBRARAE L, T35 ADOMRRIK TRHFMOEM AR 72D, 2R
W72 T OB N EE CTh 5, F84 L7 B0S FHIZER 208 U TR S D72 Etib o
BREREN BV A RELSELT 5. XA VEY NIIMBOF CTRLEWVERERLZ L, T2
A ZADWER B L TIERICHIFF SN TS, L, A VEY RILSIC. GaN, Ga,03 & i
LT, BIRIRE LA T EROEIIRE WD T b DM A XA Y& RO L THEERK K
RSEDZLARETH D, ZOEMMELREZTIRT 5720, £ < OWFERBEIEITH TH Y |
B LOBESBEIROBRENRHICHIR SN TWD, Fox OFET — AT N ETIC, HiRESHINZ
MWT Si & SiC. GaN, Gay03 & HEAZEEET HHMZHIE L. @mOBVZENE L T /31 A~DIGH
AIHEME A SERE L 7= [J. Liang et al. Appl. Phys. Lett. 104, 161604 (2014), Y. Zhou et al. Appl. Phys. Lett.
122, 082103 (2023), J. Liang et al. Jpn. J. Appl. Phys. 61, SF1001 (2022)], F£7=. T TiL GaN & XA
YEY R EEEGT IR AR TR TEMR L, 1000C O ERIC bt 2 2L E LIcBe & 5
Bl L7-[J. Liang et al. Adv. Mater. 33, 2104564 (2021)], & 512, AFZETF— AL Si L CTRLE SH7=
AlGaN/GaN/3C-SiC % Si B b HREEL . A YE FER EICH#EST 52 LT M1 0F
® GaN k7 > VAKX ZH5E L7z (Fig. 1(a) , 1(b), 1100°COELERTL & #25 F BRI B =
59, miE AT e SRR ESD Z LN TEE (Fig 1(c). 61T, o FiETER s
FAYEL FERED N VA Z LHERL T, @MWBEWEEZER L. FT P A ZRHEDOKIE
REGEICRRB LT (Fig. 1(d)).

@

J. G. Felbinger et al.l
K. Hirama et al. |

3
<
£
=
E
E
>

' :Dia-frio‘nd i

Fig.1. Optical microscopy images of (@ AlGaN/GaN/3C SiC thin films bonded to the diamond substrate and (b) the
fabricated GaN HEMTs on the diamond, (c) cross-sectional TEM image of the bonding interface after annealing at 1100°C,
and (d) Comparison of the heat dissipation improvement ratio between GaN HEMTs on diamond fabricated in this study and
GaN HEMTs on diamond fabricated by other methods.
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1A VFEFEEFAYEY FE GaN HEMT

GaN HEMTSs on 1-inch polycrystalline diamond wafers

KRAKI', T7 - 9+r—4%— (&) ? RIEKXEH®
OFWL TF', JIH BN KA BAL BE JE?2, KF #M° #HLE BAES K# B’RNYS
) EET R K

Osaka Metropolitan Univ. !, Air Water inc.2, IMR Tohoku Univ.?
°Chiharu Moriyama?, Keisuke Kawamura?, Sumito Ouchi?, Hiroki Uratani?,
Yutaka Ohno®, Koji Inoue?, Yasuyoshi Nagai®, Naoteru Shigekawa?, Jianbo Liang*

E-mail: liang@omu.ac.jp

[1ZU®IZ] GaN HEMT (3% DN 7= & s
Rk & M ERRED D | S L OEEE T AN
A ASNDEFULDHEAL TS, LrL, T8 A
B ERFICAE U D 7R R BT, 731 APEREd K
OFEFEEEDIKRTEZIIEEZT, 20729,
Si(111)FEM BTk R &7z GaN HEMT E% ., &
WEMREREHT 55 A Y E Y RERICEEET
% Z & T, GaN on-diamond HEMT #1& 4 3289
DT TON TV D[],

Fk % 1%, 3C-SiC/Si(111) izt s pk & L 7= GaN
HEMT #§i& 4, Hiffida & A V&2 N(SCD)MEARIT
54 % Z &1LV, GaN on SCD HEMT % ff#u
U, T i BRRME 2 SERE L 72[2), — 5T, SCD
XAl 2y RIEFE R OVERLA N TH 5720,
GaN on SCD HEMT #i&- 0 FHLIZBE L TIEAR
PR N R > TV D,

ZDOXHIpEREIG, SCD TR, hikme
i C R A FEAR D ERLAS AT RE 2 S0 L 4 1 Y&
v R(PCD)Z HEVEMR E L THWD Z LR E
LV, Fx 2 E T2 10mm 4 PCD o GaN
HEMT OfERLICEZh L, SCD £ HEMT & [A%
DB & 345 L7-[3], A4 lBliL, GaN  on PCD
HEMT #is O 72 2 KififE kA HEE L L. 1-inch
PCD E® GaN-HEMT % {EHL L 7=,

[ J7%£] Fig.1 (2. 1-inch PCD | GaN HEMT
OYER T vt 2 %57, Si(111) kichsikE & h
7= AlGaN/GaN/3C-SiC & % . Si H:biih> & HIfE L |
FIBfErf & 1-inch PCD AR % &R miG AL #EA1EIC
LA L. 20 2 GaN HEMT /B L 7=,
AEHW= 7 vt %, 73 AR A F
T FNEREDOES 21T 5 “bonding-first
process” Td 5,

| Handle sub ‘ Handle sub Handle sub ‘

+ GaN HEMT GaNHEMT | . \
3CSic 3Csic Handlesub | = & [5]

GaN HEMT Sisub ‘ GaN HEMT ‘ [ Gan HemT
3Csic

3Csic | 3CSic
Sub | 1-inch PED sub ‘ 1-inch PCD sub | 1-Inch PCD sub

Temporary Sisub Bonding Handle sub Device
bonding removal (SAB) removal processing

Figl. Fabrication process of GaN on 1-inch PCD HEMTs

[ 32845 5] AlGaN/GaN/3C-SiC & & 1-inch PCD
W EHA LB LOER L 7= GaN HEMT
DIEL % Fig. 2 (a) (b)IZ"d, KiEFE PCD FARix
—REICEAS DL E SR TTW A, AR
OEILIZ E 0 ez 1Z9IH T 1-inch PCD FE#K
~® GaN HEMT Jg O KififEifin 5 & HEMT O {EHY
WD Lz, ZOfERICE Y, GaN on diamond
HEMT #3& D FE Lo "l Rett 2~ L7z,

unbonded area

HEMTs on 1-inch PCD wafer.

[35E) AR D FEMEICHT-0 . JST BFFERCEE
BR F T IC Rk R i B B 3B 7' 1 77 . A-STEP
PEF IR JPMJTR222B DX %5215 7~

[1] S.Hiza et al, )& 4 2E Vol.90, No.3,
pp.167-171 (2021)

[2] R. Kagawa et al, Small, 2305574 (2023)

[3] C. Moriyama, et al. %5 84 [HI ¥ B2
KA 2 232-B201-9 (2023)
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JLEITLIVLY A=Y AD =8 DRRKERERT
Flexible direct bonding method for the fabricating flexible electronics system
EKXI!, Hpf? OF% B2
The University of Tokyo!, RIKEN %, °Masahito Takakuwa'-2
E-mail: tsuyukusa-masakuwa@g.ecc.u-tokyo.ac.jp

TSR

T AF TN NE, AR A ADOERIE S B PHARAE ATRRE R SR EAAT 7 r—a v
ELTHEOTRENEE > T D, AU AF T AL ZADOFEMMITIZENERR T D 72D DEL
sa BT LR TN YRR, ety P —EORFHENIMLETH DL LT, Y
Dy bFNRL ADFEEL R TUFR T AT LY bu =y AOFRMEEZE LRk %
LHWOBRENRMETH D, BUEEA 2R EIC L0 BB ORMEEZRIA L2 5 I 7 1 VR
il OB HER OGRS EMSCABRHES, AT A FEDORLPWETRHENEAL T
D, ZLTENLDOFRFRILZEE L, AT METDODHEL LT, HFLD HHEVWE
BRI T — 7R — 2 F BRI DN TV D, L L BB g 2 5% T 5 0EkD
FIET To—F i, BHEHOMTHIMELEMEE, VAT AL LTOFMMEEZE LUK TFEED
MR >Tc, Lo T, #EEAIZGE L LRV EMRIE L OB S FIEH A O MR Aif
INEmDHIZDIIRN ) v —EIROEEES ZRRTLILER S H, AUETIE, YV ar vz
EA~DF v TEFOREDT-DICHIE SN, 7T AVLHIZ X 2 RimEMEH#ES (SAB) £l
R n VREORY v —EIRA RSO O BEMOEREES IS Lz, HAREREEO
HEEIR e & TIXOAR W HNTRIVERE 2RI T 2 F CREM I A 5 nm BREEOHWEH T EHHE
BRI LTl DiET 5,
EBRFTERUHER

AW T, AR E L THEER 7 X7y bu=7 A CTRINICEH S5 )
Vb r@at QumE) BN E UTERIL 7z, SR RICERLEEEE L Tal s m A
ZZNEN 100 nm & 3.5 nm Z&KAE L7z, TOREK, U LUOREL S nm ORI S THY |
LEMEREIL 53 mm OREH S ThoTz, 77 X~ FRIZIT SAMCO #:0 Aqua plasma 3 & % Fl
ML OH 7 ¥ niaZ ORRE CHBRR ORELIRZ1T 572, £ O®%RIEME LR R L2 K& H T
SYUPNICEA S &, 85 CREDIEAZT ) FTREME N RENIT 21O T RENHEAT D
(T EIRE 22 FEMR D SAB AL LT, HIIKAR T 7 AU E S 5F THOKED Y L
BB HEARAIT 79.1° 05 147 EFTERBL, KOBEABREDIIRD I EEWR LT, £DOD
7T R LB (RS S TRBE Tk A %) L U SERRAEINC 5 pL R DK 2 A L, 85 CREE
DARIRIMNEAAZAT 5 F T, KOABEAINRZFH L7eR ) ~—EROBEEES A ER L, Zhb
? SAB (Z[FI U7 7 X< 4LBE | NBVRE CHEL D720, —HOBESLEE AT 5 FCTHRIFICKR Y ~—
FEMR TR & @ BGEIR A HEAE A TR CH DO NA TV v RSABHEHIMTTHY \ AL AF T34
DFARTHE e M & LTI s h %,
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REEEEEED I+ F = X TINL A~DEEH
Application of Surface Activated Bonding to Photonic Devices
HiX CHE &

Tohoku Univ., °Eiji Higurashi
E-mail: higurashi@tohoku.ac.jp

BRI - BAERERE A AT D ~T v =7 REREEAN Y, R OMkiGE R 7 R PE AR O
#HELTHERZED TS, ~T V=7 2AERMBIN A A 53777/ 0a—0—20 “F
- ARSI Th 5, Wik - IRIESEAHEINIC LY S0 X 5 7eRECRHE N EBITE 5 D),
BRI IR T /8 A B FNTIRR D,

1) KEE L RIEET A 2 AW RBE RSN A T, KU £ 2 B8 258 2 RN
TIiX, BEZEHIEPRDO OGNS, ZBAL - BEEAZRET D~ A 7 nxa—2 0/ MU REt
A AT L~DHEHZ DS L, Au Mz FW 2B IR ORISR A D ST 5, 7R Au
HEIE(RMS K EHL S 0.5 nm L )2 HWT, Wil - BIETORE - EZEIERATEETH D,

2) EMBWEEDFEDL - R T S A E ISR IR LA K D FE T ERES (L A i
T D7D, FEIENR & — BT A EMN N BEOEED TN D, KB L EEVRE I

IN—AR L 7o TR M T S A A 2 TS L 12012, HEERRUL AW -ERD GaAs & |

Cu £V b RERBLEREZFT 5 SIC 2 RETEMEMBESIC LV BEEFER TR Y SbE &k
BAEEPNREI N TN D,

3) wAFTF v THA AREDLDIFATEZHWRWT AR T 0 7 FEE LT, Au #HESS Au
~A 7 T2V Au-Au RETEMECEEGIC L 2 K&, KiEES (Fil~150°C) 236
FENTND, FEARL—PRT 4 A F— R EOBERONHE 2 BRI EmEE L
TR E SOICEREICHE L T ZEICK W ERI L2 3 RokEnZNr - [Alisf & o
t~vA 7oz a—F) RERINTND, o8/ Q2.8 mmX2.8 mm), #H/ L,
QO MmN EBINTND, —FH, TOXIRNFEFO AuEBMER L, 4T LHEEESIC
RKOOLNADREMHS Inm L FTRWVWZ EHEW, ZTD7H, 7o L— AR v EVTIT
KO E7nt ALY B TRTHERRE LN T 2 FEOHRBE R EORRALED b
TW3,

4) ATV FERICE D 3D L FEEOSERLEED D Fik L LT, 3 kokEEd
Wb, WEDODRRDEZMET 52 LT, Mk z D TR A2 03 2 L 23 ATee
LD, 3T HEANIC & 0 @R - HERRIL D ED LTV DO —20R3 A A=k
YHTHD, 3D A T T = NI v H BRI ETERL L, Si T B & V-
WAL 7V FEAICL D 3BOEENFETINTND,

[1] BESRIR, im— 7 1P =7 ZEREIN & 67 31 ZJSH —, OPTRONICS, vol. 42, no. 503,
pp. 102-103 (2023).
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F—T=2F  REWR. REY PO XD SIRFOHAREIM
Opening: Recent trends in research activity related to light, magnetism, and spintronics
HEEBIKI &K XH#

Tokyo Univ. of Agri. & Tech., °Hiromasa Shimizu

E-mail: h-shmz@cc.tuat.ac.jp

SR, AT br=7 AREBRTLERT, @5 koY TIXE=T R AX<TY
Tov, BRGNS B ALSHE TR < 0 BRI CTE S 2T SEiE B M T b dy, B b

V' ATY, RUVUVARTTATIE, iR, Ay ha=7 RZELLIME, 7314 RHH

(BT B SEIRORRZE 2 1T > T K7 - BREFR O 0 % o, RER SR BTN R & B,
BLO, ZOEMILESTS TN AEOHTEON (ZHE N S | BHOBIN & 4 % ORI
SV TR L E T

© 2024%F [CRAYEER 100000001-119 T13



17p-A22-2 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

AERBERAVEABIERT/NA R EAIIGHA
Magneto-optical recording device with optical waveguide and Al applications
RIX CFE# #H#k &Kk & XB B
Tokyo Institute of Technology, “Yuya Shoji, Gaku Takagi, Shun Yajima

E-mail: shoji@ee.e.titech.ac.jp

JEBERGEERIT MO 7 ¢ A7 ITRE SN DML A T 4 7 & L TR WFERFE 3 Th T
WD DA, T TIZ HDD O & W2 B & 2 MAGEREk & L TORMICR STV 5,
B LVISHIBRFRICIANT T, 7 ¢ 2 7 BT K & 2 W EHRR ORERLC IS B O Snd L~ H o
BN D, T IOLEREIHE B LIOEERGELERT /A A DIFTEZ1T > TV D,

Y B TIRE RN RS CEMET 2 B8R T A AR ERTH Y . £ 0 SR L D
RSB L 725, AR L LTI YIG 72 EREEOEFERE SR IVMERVOERIR L T L TR Y | 5
K ETOMBITES TIXRWD, THEN SO0 T7 7 —F THENAONA[1,2], —FH., it
FiIE & LTI D A A F 2 73 LR < BB D R & 7R dkEEMER CoFeB 231 L TV %,
it C CoFeB DRtz XM Z T2 WA A » FITHEVT 20 dB LA EO @V EEHENEIZERE L T 5
[3], JeFE E AL DWW TIE Fig 1 IR K 912 St FIZHEE L7 20 um X 5 pm $1 XD CoFeB
LT JeA 2 BT —& LTeBT v 2 MR OB AL LTV D [4], SRS 4
Gl L7ZE TIEEA T OFETRIED MR T 5 2 L bR L TV D,

L LRI L OREE O A XL L TERLERT S AL LTOISHIZE LV, £ 2 T,
B LWIS S & U CORINIC L D80T &
A MEALARDOBEICE 2 =2 — 1 Ik
T ARNFES K ET VI RAL TR AN
AX T ma—a B rERELTV5H4],
S HITIE, BRAEREMEZIEN L T, B
W TN T A—=F 2B REFH L T LD
e L BROKRFER O RRE B Fig. 1. Magneto-optic recording of CoFeB formed
e LA ED TV 5, on Si waveguide [4].

Before light input After light input (CW

BEE AR O—#11X NEDO (JPNP16007). JSPS BHF#E(23H04802)DXIBIZ L 5 b D THY | 3£
Br 7 0 2D —EHI SRS ARIM (JPMXP12241T0028) D X#E%A 51T TR T KT/ #E &R
FHBICBWTEm Sz,

£3Z 3k [1] K. Srinivasan and B. L. H. Stadler, (Review) Opt. Mater. Express, 12(2), 697-716 (2022).
[2] Y. Shoji, S. Taniguchi, and S. Yajima, Opt. Mater. Express, 13(9), 2489-2496 (2023).

[3] T. Murai et al., Optics Express, 28(21), 31675-31685 (2020).

[4] T. Murai, Y. Shoji and T. Mizumoto, Opt. Express, 30(11), 18054—18065 (2022).

[5] G. Takagi, T. Murai, Y. Shoji, Jpn. J. Appl. Phys. (accepted)
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Magneto-optical activities for chemical sensing and spin-plasmonic applications
MEEREVS—!, AKX, FEIXS OWR AR RAN £ M BES RN EF°
AKita Ind. Tech. !, Akita Uni.2, Chiba Inst. Tech. 3, °Haruki Yamane!, Takashi Hasegawa?,

Masanobu Kobayashi®, Yukiko Yasukawa®, E-mail: yamane@aitc.pref.akita.jp

S & Btk & O AR TH DRI RIT, BRI 2O mGREER L AN & ko
BEAL 7 AN ARAE LT U S 2 S O REAORE D oM X IR U TR T 28R ThH 5,
RERBEEOCTFINE T, EFHEE /A, JeERiii. o 25Wid, ekt 72 EOikre T
NA ZADEMERRACICENR D EHIRF STV D, BEEARIC T/ HEE (RS, Mok r(k. ST
) AT E T, EOMEERNRE 2D | BEKOEFNROIIE D 2\ M SR
AT 5 [1-5], Bl (RrEE/ & B RERE T, REREICRIT 2E8E T OEFNIES)
EHEBREE LERH T 7 ATV AT Y RSt S, BEROEERFILH B IR 2T 100 %
FEICETHIES NS, —#lE LT, [CoPt(2.0nm)/Ag(28. Tnm)] " J@IKOMENEF Y L 2 L—
9 xR IR T, RERP RN L 2D IGAIZBNT, B OKIFERIFRPHERTE D, £
w77 REALEE, VT AEA DO TOLT U —DNRA Ao e LTEMAMESTWY
%, RIB T IGE & R TR G B, B O 7T AT o TR D SO BRI T
REREOEICBIR TH Y | BIRELICAED TH D, Foxld, REMEOEITEL L E T

HTNa—R o0 BEEBEREIOKBRIGEEZTEM LT KBET AP EREZLTWDHIL, 2],

SHIZ, WL 7T X L OMEIT, BEMEEZTEN LIEERIAZ P —T7 =X, HLHWIE, A
BRSNS K DML/ S/ BRI E O I 2 fREL 975 AV T I XE=7 2] ~DJE
PIb I SnD (6, 7], ABFTEO —ERIZ, FHAMEE (23K04619) DBhALZ 5210 T3k L 72,

Evanescent 1 90
wave Plasmon » ; ‘ Polar
A T T
coil [ X = B é‘!‘;
Magnetic layer (CoPt) e > g 05 -::_ L s 3
Noble metal layer (Ag) % | %
< o , . g
~ ., | k;
P-polarizer ‘\r'v-1aginent§|-optical \ ox = |0 + k|
Prism \\ ¢ 0 — . \ 0
“ a0 a2 aa a6 a8 50
Aetector 4 1 200
Incident light ™
ARy Transverse
[1] H. Yamane, J. J. Appl. Phys. 60, CCGO1 (2021). « | R} e g
[2] Y. Yasukawa et al., APL Materials 12, 061104 (2024). 5 . ﬁL a . j
[3] H. Yamane ef al., Appl. Phys. Lett. 106, 052409 (2015). & E=:I E
o 2
[4] H. Yamane ef al., J. Appl. Phys. 124, 083901 (2018). ?"-., | arg= RMRa:M
[5] H. Yamane et al., J. J. Appl. Phys. 53, 05FB04 (2014). 0 Co : : 200
40 42 a4 45 a8 50
[6] H. Yamane ef al., Scientific Reports 12, 13871 (2022). Incidentangle (deg.)
[7] ARt I A ERRK 2G5 2, 22p-P04-6 (2023). Fig.1 MO activities in CoPt/Ag bilayer.
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BT o A M RESGRDAR (HAMR) S4B 3 & dnfbds L O o 32k

HAMR (heat assisted magnetic recording) technology development, commercialization, and practical application.
AAY =7 A MRSt Bl ol / 5 KRS

E-mail: tomohiro.yokoyama@seagate.com, taro.iwata@seagate.com

1. FLE®IZ
MEASHAX A 7T 7 F v —% X2 TWHT = =T, 2 O0HKERNIGFET S, —D>HIXR
ONIERBEEEICTCRKEOT —#RF - EAOFEI, —SBIXEMA A e LTOBEEENRR, b2
W 272D, KEZHDD O=—XRH 255, PFfFO PMR (EEMKGESTN) Tk, 2hl EogR &l
WZIRANSH D . FHEIFEANC L D RERENVETH o7, T D, Seagate Technology Tk HAMR (A7 v
A MESGES ) A EA L7 KA & HDD O L E21T\, BUEDT — X o ¥ —N x5 oD KX 72l
KB ORI TS 5,

2. HANE
e HAMR OBRFIZTE 2 JBE 1 K UM HE,
e HAMR D2 & HAMR S IZ B 208 /A8 i Bl O i B
e HAMR MRIRT D7 — % & 2 ¥ — Dl
e MOZAIC &1%? HAMR Hiffo# kL 27 4L LTOFEML,
o F—HELUHF—TOIRATLEMAZ—RI—Z,

o LSHOBERDIEREIL~NTANA N—rla— vy,

(HAMR ##3%) (HAMR ~v FEH)

HAMR Definition

Laser Sub-Mount

(F— 2t 2 —DHIKIEM) (MOZAIC DA )

Mozaic 3+ Areal Density Benefits

Scale TCOQ Sustainability
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BEXA 22T YT LVERWERXRE VRIS : X4 FAZS R
Optical control of spin current using magnetic metamaterials: Meta opto-spintronics
RALKE !, FILKCSIS? JST T EHF3 MR EML23
Dept. of Phys. Tohoku Univ. !, CSIS, Tohoku Univ. 2, JST PREST 3, °Masakazu Matsubara ! %3

E-mail: m-matsubara@tohoku.ac.jp

PIE DR IR IR X, 2 SICNTET 2B HHE O L B ICH 2w Tw 2, filz
F. ERKERE ORI RS T 2 L. N4 T AHNEL (X v 47 R) CHRE
MHBFRET L, ZO LI REa AT RNERIEE &2 REHID, P8R pn A FHEF]
ML 72 KB emitei < b 5, fthy. YE oft G o 2B s FRE o ic ik 2+
HoNA T ANAES) CEER) FERAV 7 REENDIR LI, ChE CHEaFER - JEEY
B REARRSICBLTHEINTE Y, HETE PR P AYE oYM TEOH 727y —
LLTCHBLERTONTWS, Ioic, KotAmELHAaabE, B (Fi) ©
Kb T AV AEBEORN (A Vi) &b AR - fET 25, LAy Yy b= 7 2k
LCEHERTWS (1],

AFEH Tl RERA BT o T 5, MEONMEZ ALIICEEST 2 2 Lic XV Flle Ry
viu= 7 2R AT 2SI O TRRNT 2, BERIICIE, 77 MO E AN TR
BAEL72WE (A 2=T7 V) T70) 2w, [ZEERESTREOBI ] 2 TR Rk o i |
SRR 2 A v Vil [ A2 2ey bn=2 2] onTiEimd 3 (Fig. 1) [2-4]

[1] #lz X, J. W.Mclver et al., Nat. Nanotech. 7, 96 (2012)., P. Huang, K. Taniguchi, M. Matsubara ef al.,
Adv. Mater. 33, 2008611 (2021).

[2] M.Matsubara, T. Kobayashi, H. Watanabe, Y. Yanase, S. Iwata, T. Kato, Nat. Commun. 13, 6708 (2022).

[3] H. Taketani, T. Kato, M. Matsubara et al., In preparation.

[4] M. Hild, M. Matsubara, T. Kato, S. D. Ganichev et al., Phys. Rev. B 107, 155419 (2023).

(a) Poincaré sphere (b)

S3 M, i—Spin
Y ! 9m ’current
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» - W
) WE
| ! ‘\

Fig. 1 (a) Poincaré sphere representing the polarization states of light. (b) By using magnetic metamaterials
with artificially manipulated symmetry, spin current J,, (the flow of spin angular momentum) is
generated and controlled without any external bias fields, utilizing the polarization degrees of freedom of
incident light (polarization angle 6,, and ellipticity angle &,).
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3t Z& R U= R R R b
Ultrafast manipulation of magnetization using light
BXEI! OFEK H!'

Nihon Univ. !, °Arata Tsukamoto?

E-mail: tsukamoto.arata@nihon-u.ac.jp

WAt « A B ARFBRROBEERIE L BRI, MRT A ARAE Y hr = AR A —E
b =7 2T A ADFRRANS N AR ICEERRE TH 5, FER~EERREN 252 %
WEELE L OMCER UBE SV AL —YF—Z2 WL FHIIFALERT e —FD 1 DLEZ b5,
BREMICB T b= - AEHELHOIFMFEO—2L LT, 7= ML —HF— LR
wRFEL L, BRARER - SV ZAROEDBFAARETH Y | BRI AE iR E a5 &2
FRhEIR & U THRE LD, £ DRFRIA 7 —/uid, A B VR EE) L) 70 2 B A& - REFIRE
M7 EOBERBEL Y BIXDEDIEH WA =L =D, =7 v 74 7 g HERRO I T &
THEILS IR TE D, BlE LT, 7V AE 40 fs DA/ OUL 262 VY, SRR THMIBREEE FI Al o
ST T7 = VM GdFeCo A4 BT 38\ TR E i i 70 2 e R U R (AOS) BLEL 3 i EE FTTRE
E DIZVER% OBLIRREZ AR OZEMIC LV EBIRATRETH D Z L 2 HE L al,

AGEB T, B E BT ~ OIS ATREME 2 &EHIC, & LT E AW e b s E
IZIEH L, AOS OB/ AV U 2 A F X 7 ZAOBEMEI . BUbHIBEHEIN & L ComrRetEDIERIC
BWT, SEIJEREROBE VAN L DI & R BE N EE R ER 2 R L TnD
L ERNT D, - DRGHESR & LT, GdFeCo BEMEIR D B &7 2 RE R B IRIE 2Bk 3 5 7=
(2 BORBEMER D X 5 2R BCEATHRE B LTCEIRO R 5 AV U BIF 2 R0 7 = VBEMERIC I 545
RIS FREAL X A F X 7 ZA&AT 5 2 ENEEN TNV, BEASLVAL—H— (AIdE) 12k
JIbEE S FRIT S U Rl IR R A0 AR e (X BRBES ] k) 1280 Gd & Fe TIIBH LD RFHEIG
BREMEIR R0 D & & IR ER R IR BN BT 2 F A S & 20 B B2, SCEATRA
LT UISEC Z D & 9 R8N & 5 Z & DNRIEMAY AOS BIR D FEHLIZ I W T HE B 4 R
T HEwONHH L7z, F£72. AOS 1IN T = H A F—D(E\W\ THz 7SV A K THEIER[ETH D, 2L
ARNEBEREFNEDO 1 OTHLZ LWL Lo 7B,

S DT, BEMEM B~ O EHEADEER TIER < BE SV A L—F =02 L0 Ak L7 FR
Bt 7+ ) Lo Th, GdFeCo HIRBEMAADRAL 2 MERTE 254 A L7z B, EEE o
AN—=y FARIZ K0 A T RE AR A EE B 1T, T 4 ) L DEVEI Ko TKARA RO
WAL SEA T 2NN T E | FEBERNICITER R EBIR L EX O FND, BT L
e L7 ba =g ZOEWRLBEA~ O 12727 7 —F HiEEY VL b0 L IfF S D,

1) C.D. Stanciu, et. al., Phys. Rev. Lett., 99 (2007) 047601.

2) | Raduet. al., Nature, 472 (2011) 205.

3) CS Davies et al., Phys. Rev. Appl., 13 (2020) 024064.
4) CS Davies et. al., Nature, 628 (2024) 540.
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R T ) MR ORERBRA X -V T
Time-resolved imaging of the propagation of antiferromagnetic magnons
RIKE ok B
Tokyo Tech, Takuya Satoh
E-mail: satoh @phys.titech.ac.jp

~ 7 BB T ABEBRANEOEAM. 7 =7 ADFEHD DT, 77//@@%$m
HlE DS B SE & EARICHOM T ICB W TEEREM e k5, 7/ Y- KI7 U b id, BHEER
WKBFR~T 77+ by OEF) OMEIRETH D, 77//@&9&%@@27%%/@
;otmLm%%T? EHRHIRFINTVWS, BB T, AFT I LY HEOEFHE LT
<7 V-RITV N UDPBRINTWEN, v7 /) V-7 % b UFEER~ T ) ¥ DIRIERIEICES 2 %
%M%%%@iif%oto$%@fd REfE R A X =D Y ZJHIEZBE L Cak—1L ¥ bR
77/%%70F/@ﬁ%ﬁ&%%:&X%ﬁ¥bkﬁ%%ﬁiT51Lv»%7:n4v7
BiFeOs i&. %7/ Y& 7 4 b Y ORICHWHEESIRF I NS, BIRIhLZALFI 72X 1) I
KB~ 277 7 4 b 2 DIEWFESE N LT, BE um bz b REGEcEs 2 %
RLTW3, ZTRHOFERIE, vl /) =27 20iERHL b iffan 3,
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0 e : '» : -10
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=
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c
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o
)
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1: Coherent propagation of magnon-polaritons and phonon-polaritons. a The spatiotemporal
waveform observed in the pump-probe imaging measurement. b and ¢ shows the same waveform as (a)

with different Fourier transform regions for e and f, respectively.

[1]R. Kainuma, K. Matsumoto, T. Ito, and T. Satoh, to be published in npj Spintronics, arXiv:2302.01821.
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Challenges and Perspectives of Perovskite Solar Cells
- Lessons from 50 years of thin film solar cell development

Tokyo City University, Makoto Konagai
E-mail: mkonagai@tcu.ac.jp

Since 1972, our group has been developing high-efficiency and low-cost manufacturing technologies
for GaAs, amorphous-Si, microcrystalline-Si, Cu(InGa)Se,, CdTe, and other thin-film solar cells. Based
on this expertise, we are currently working on issues toward the practical application of perovskite solar
cells. In this presentation, based on our experience in the research and development of various thin-film
solar cells, we will discuss the development of elemental technologies related to the manufacturing of
interconnected modules of perovskite solar cells, the development of high-efficiency technologies using
perovskite/Si tandem solar cells, and the power generation characteristics and degradation mechanisms of
perovskite solar cells both indoors and outdoors.

1. Flexible perovskite solar cells with through-hole current collector electrodes

Flexible amorphous-Si solar cells using polyimide film substrates are already a mature technology and
have been put into practical use at a scale of about 3SMW per year. By using through-hole current collector
electrodes, the area efficiency can be increased when manufacturing modules. In this study, we have
developed a perovskite solar cell with a through-hole current collector electrode on a polyimide film
substrate and have already achieved a conversion efficiency of about 12% (V.

2. Research and development of perovskite/Si tandem solar cells

Perovskite/Si tandem solar cells are one of the solar cells currently being developed worldwide. In this
study, we are conducting research and development of perovskite/Si tandem solar cells using bendable Si
wafers with a thickness of 80 um. To date, we have achieved a conversion efficiency approaching 27% in
a small-area cell with an area of 1 cm?> ®. We will report the electrical characteristics evaluation of these
solar cells and the detailed evaluation results of their cross-sections using SEM.

3. Outdoor power generation characteristics and degradation mechanism of perovskite solar cells

We have been conducting outdoor power generation characteristics of perovskite solar cells prepared at
NIMS since 2022. As a result of these long-term measurements, it was observed that the cells deteriorated
significantly, especially in the summer when the cell temperature rose. In particular, the deterioration of
the fill factor was noticeable . To clarify the cause of this degradation, cross-sectional SEM observation
was performed, and a high-resistance layer due to phase transition was observed in all samples. These
phase transitions were also observed in high-temperature light irradiation experiments indoors.

Acknowledgements
This work was supported in part by NEDO, JPNP21014, JPNP20015, and TCU "Key Research
Promotion Program."
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Open-Air Spray-Plasma Manufacturing of Large-Area Perovskite Solar Cells and
Modules

Reinhold H. Dauskardt

Ruth G. and William K. Bowes Professor
Materials Science, Mechanical Engineering and Surgery
Stanford University and the Stanford School of Medicine

Reinhold H. Dauskardt is the Ruth G. and William K. Bowes Professor of the Department of
Materials Science and Engineering, the Department of Mechanical Engineering and the
Department of Surgery in the Stanford School of Medicine. He is a Visiting Professor in the
School of Materials Science at the Nanyang Technical University in Singapore. He has works on
integrating new hybrid materials into emerging device, nanoscience, and energy technologies and
also on the biomechanical function and barrier properties of human skin and other soft tissues. He
is an internationally recognized expert on spray plasma processing of functional thin-films, and
on the reliability and damage processes in device technologies.

Abstract: Open-air plasmas provide opportunities for versatile and low-cost materials synthesis
and film deposition on large and/or complex shapes in laboratory air and at low temperature. The
generally solvent-free process further allows for the simultaneous functionalization of, and
deposition on, substrates in a single step. Advances in the use of jet plasma process together with
precursor spray deposition have further expanded the utility of the deposition technique for a range
of multi-functional films.

In-Line Manufacturing of Open-Air Processed Perovskite Solar Modules

Characterization
and Modeling

CORP Spray RSP :
l l l A.C. Flick etal., in preparation
1 l Open-Air Spray with
NIR-RTP

W.J. Scheideler et al.,

T. Colburn et al., in preparation B
Advanced Energy Materials, 2019 N. Rolston et al., Joule, 2020 J.P. Chen etal., in preparation

N. Rolston et al.,
Journal of Materials
Chenmistry A, 2017

I will describe our labs work to develop and demonstrate a scalable open-air plasma process to
rapidly deposit and form perovskite cells and modules in open air at fast linear deposition rates.
The process uses a combination of reactive species, UV and thermal energy to rapidly form the
perovskite film after air spraying, forming high quality perovskite films. I will further mention an
indirect laser scribing technique we have developed to efficiently form serially interconnected
perovskite cells to form modules along with technoeconomic modeling of module manufacturing
costs and LCOE estimates for pilot scale solar installations. I will discuss important aspects related
to the stability of perovskite cells and modules and implications for module lifetimes.
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ROTRABA FREBREIL - ED 21— )LOFEIEEEL
Technological Advances of Perovskite Solar Cells and Modules
RABRES !, RXERE2 CH#)I iEaE "2
Graduate School of Arts and Sciences, The Univ. of Tokyo'!, RCAST, The Univ. of Tokyo >
°Hiroshi Segawa!>2

E-mail: csegawa@mail.ecc.u-tokyo.ac.jp

Organometal halide perovskite is one of the promising light absorption material for the light-weight
and high-efficiency solar cells. Through the many studies related to the organometal halide perovskite solar
cells (PSCs), the composition of the organometal halide perovskite is recognised as a key factor in the
improvement of the stability and efficiency. Many groups investigated mixed cation and mixed halogen
perovskite absorber toward the high efficiency, whereas unexpected ion migration and/or phase segregation
were observed. For the improvement of the stability, several approaches have been investigated. In our
study, K+-doped perovskite is good for the stabilization with keeping relatively high performance. It can be
stabilized to some extent where it is not decomposed after 10, 000 h of heating. On the other hand, the
crystal lattice structure of the organometal halide perovskite is also important for both absorption and
photophysics of them, whereas the micro-structural aspects within the simple organometal halide
perovskite are still controversial issue. In our study, direct observation of the microstructure of the thin film
organometal halide perovskite using transmission electron microscopy was investigated. Unlike previous
reports, it is identified that the tetragonal and cubic phases coexist at room temperature, and it is confirmed
that superlattices composed of a mixture of tetragonal and cubic phases are self-organized without a
compositional change. The organometal halide perovskite self-adjusts the configuration of phases and
automatically organizes a buffer layer at boundaries by introducing a superlattice. These results show the
fundamental crystallographic information for the organometal halide perovskite and demonstrates new
possibilities toward high performance perovskite solar cells. As for the light-weight PSC, we accomplished

23.8% PCE for the PSC using the polyimide film substrate, which shows 46.9W/g.

References
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2) Motoshi Nakamura et. al., ACS Applied Energy Materials 2022, 5, 10409-10414.

3) Ching Chang Lin et. al, ACS Omega 2021, 6, 17880-17889.
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Stability of Tin Halide Perovskites — from Additives through Two-Dimensional Materials
University of Kentucky. !, Transylvania University.?, °Kenneth R. Graham,! Syed Joy,' Tareq
Hossain,! Harindi Atapattu,! Henry Pruett,! Alex M. Boehm,! Stephen Johnson?
E-mail: Kenneth.graham@uky.edu

Metal halide perovskites are promising materials for solar cells and light emitting diodes, with
efficiencies rivaling commercialized material systems and the potential for significantly lower cost. The
majority of research to date has focused on three-dimensional (3D) ammonium lead halides (APbX3);
however, lead presents a potential impediment to commercialization. The most promising alternative to
lead-based halide perovskites (Pb-HPs) are those where Pb is substituted with tin (Sn-HPs). While Sn is
much less toxic than Pb, the performance and stability of Sn-HPs must be improved for them to be
competitive with Pb. Currently, record power conversion efficiencies (PCEs) of Sn-HPs have recently
passed 15%, while their Pb counterparts are now over 26%. The primary shortfall of Sn-HPs is the
tendency of Sn to oxidize from Sn** to Sn**, which introduces harmful defect states that limit performance.
Additionally, Sn oxidation from Sn** to Sn** greatly limits Sn-HP stability. To increase both the PCE and
stability of Sn-HPs, oxidization mechanisms must be understood, and appropriate processing and material
chemistries developed.

Several approaches are now used to improve the performance and stability of Sn-HPs. The most widely
of these is the incorporation of SnF; as an additive, with alternative or complementary approaches
including incorporation of bulk ammonium ligands capable of forming two-dimensional (2D) phases,
incorporation of reducing or coordinating additives in solution, tuning of the processing solvent system,
and approaches to obtaining low Snls concentrations in the precursor solution. Our laboratory has focused
on the use of surface ligands, stabilizing additives, and 2D Sn-HPs to determine how additives and 2D
phases impact device performance, defects, and material stability. From the perspective of surface ligands,
we find that fluorinated surface ligands and those that increase hydrophobicity lead to increases in material
and device stability. In the case of additives, we find that additives which can coordinate Sn>* or undergo
halide exchange with Snl, can limit Sn** formation and the concentration of defect states in the film. The
acidity of the additive also exerts a large influence on stability, with more acidic additives promoting Sn**
oxidation and basic additives stabilizing Sn>*. Recently, we have gained insight into the role the structure of
the bulky ammonium cation plays in stabilizing 2D Sn-HPs. Here, we find that steric hindrance near the
ammonium group, the extent of horizontally oriented sheets, and the degree of hydrophobicity all impact

material stability.
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Perovskite solar cells consisting of tin-Improvement of efficiency and stability-
EXBEXTF B#EEB=
Info-Powered Energy System research Center, The University of Electro-Communications

E-mail: hayase@uec.ac.jp

BxEle"a T A A FOKRIUREIT 1 T A e T A A R LY b EREEE(~1100 nm)
ZHv ., HEKGERE L CRER N RXY vy 72635, REORWEBRREFE26T 25
Na g AH e T AA FOEF R VOAENEREIT 0T A e T AT A b &R
TH Y, H> ambipolar 7272, KIGEMOILRINE & L TRERWART v L2 6T 5, B{ESHN
TaAba T A A FNRGEM, 7Y —a T 2 A N KEEMORNERIE 23-24%, 15-16%
tmELTET,

naF AR e T A A S KGER OB EERE L TV ERIE, K RBICKSE
FIFAEGY A NOTFETH D, $a7 V—80 7 A A b KIGEMABX) DT, FiElZix Sn*
A F DR, A, B, X DR, B, & HIFEALR EOXRMEPMFEAET Do FHT Sn*T K 5 BT
FEANBEFICE Z 5720, —ROICETAZRNT 5, Fx ZEEHEBEHRITTAHA K
AT RFEIZEE L Snt A AU A SE Y, REICiIZ DA F U RERH LD, Fb
AEE T DREME G Z R L2 2B HENE additive DIRIMSCER /Sy V- _—v g VB SRS, Bx
XZNEDOHIEICINAZT Ge A AV HEINT D LD 15% % B2 DR eGT 2 KEM%Z
ERIL TV D, B ldA A LB AR T4 Z S IC X D HAMENSEEIND Z 2R L TWnD,
85°C, 1000 FFHI DL E LTZHEN TE D LW I WMENH D Y, JFEEDBE L 72V & ) RSN &
Do —H. NaFUALSER 0 T 2T A N KGRI E KBS E ORI AN Y TR e
TAIA R e XaTAIA N2 T LK E (all-perovskite tandem solar cell) D7 k AJg & LT
S Tnd, $him 7 204 FKEGER L FERICRR T BAERTE 5720, 772 F v
7 HMR EICKBGEMAFR T 2 Z LW ARETH D, VA RV RE Yy v 7 by 7E(1.7-1.8 eV),
RNy RE Y v 7R FLE(1-13 eV)OEZFELE LB, My TEER b ARBOERESSH
OB N LETH D, Fx 1T 27T%ITED R EHRE L TV D 9, HFREEZIHRIT 29% % H 2
7= O, ma AR T AH A N RGEMEO P LIIKEEEOR TIZET 2D THY |
ZOMBEERRT D Z LI LY AR KGEICRET 5 L RSN,

ZIRSCER 1) X. Zhou, et al., Adv. Mater. 2022, 34, 22058009. 2) Y. Shi, et al.,ACS Energy Letter, 2024, 9,
1895-1897. 3) L. Wang, et al., Angewandte, 2023, 135, e202307228. 4) M. Hu, et al., Advanced Functional
Materials, 2023, 33, 2300693. 5) ACS Energy Letters, 2023, 8, 3852-3859. 6) Martin Green, et al., Prog
Photovolt. Res. Appl., 2024, 32, 3-13, Efficiency Table 63.
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Materials Theory of Halide Perovskites: Defect and Chirality

Associate Professor Shuxia Tao, Materials Simulation & Modelling, Department of Applied
Physics, Eindhoven University of Technology, The Netherlands

Abstract

Halide perovskites have gained prominence in optoelectronics and quantum materials due to
their chemical versatility, which allows for a broad range of interactions with light, electrons,
spins, and lattice vibrations. My team employs first-principles methods like density functional
theory, tight-binding models, and machine learning-accelerated molecular dynamics to
explore their complex structure-property relationships. We focus on defect chemistry to
enhance PV solar cell efficiency and stability, identifying and mitigating defects that cause
losses and degradation through compositional adjustments and surface treatments.

Additionally, we explore the chirality of perovskites, using chiral ligands to introduce
properties like chiral-induced spin selectivity and enhancing chiral optical activity. This
exploration aims to harness these distinctive properties for pioneering applications in spin
LEDs and chiral photodetectors, driven by a deep understanding of the relation between
structural features and optoelectronic properties.
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Crystal growth in perovskite solar cells
ERS CE¥F HE
AIST, °Tetsuhiko Miyadera

E-mail: tetsuhiko-miyadera@aist.go.jp

Perovskite solar cells have been developing very rapidly and are already in the phase of mass production.
Although its power conversion efficiency has been rapidly increasing, more fundamental research is needed
for further development in order to distribute reliable products to the market. Especially, fabrication control
of perovskite crystal is important because the reproducibility of the device performance is important issue
for the perovskite solar cells. We have been focusing on vacuum deposition, aiming for precise control of
perovskite fabrication. We also conducted real-time X-ray diffraction analysis using the synchrotron facility
SPring-8 to investigate the dynamics of the perovskite crystallization process from the viewpoint of both
solution process ' and vacuum deposition process [21.

We implemented IR-laser deposition for the deposition of perovskite and demonstrated the benefit of the
use of laser instead of resistive heater for the controllability of deposition rate of methylammonium iodide !,
We also demonstrated the epitaxial growth of perovskite, where CH3NH3Pbls crystals with atomically flat
morphology were achieved [*l. Layer-by-layer growth during laser-deposition process is investigated by real-

time XRD analysis [2. We are attempting to fabricate the solar cells using this crystallization method B1.

D
NV
32

SPring.. 8

P P » Laserdeposition
Epitaxial growth
2 Real-time XRD

Fig: Schematic illustration of our research concept.
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Extended Abstract of the Japan Society of Applied Physics
Molecular engineering of interfaces for efficient and stable perovskite solar cells
Somin Park
Department of Chemistry, National University of Singapore

Email: Somin.park.819@gmail.com

Symposium Name: T14 New direction of perovskite solar cells

Abstract: Interfacial two- and three-dimensional heterostructures that incorporate ammonium
ligand intercalation have enabled rapid progress toward the goal of uniting performance with
stability in perovskite solar cells. However, as the field continues to seek ever-higher durability,
additional tools that avoid progressive ligand intercalation are needed to minimize degradation
at high temperatures. In this talk, I will present how the molecular structure, varying both the
tail groups and alkyl chain lengths, influences the surface interactions and its energetics. I will
focus on developing a series of anilinium derivatives that exhibit minimal reactivity with
perovskites, leading to improved stability at the interface. Additionally, I will present our
physical insights into the co-adsorbent self-assembled monolayers that reduce interfacial
recombination and enhance electronic structures.
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Organic-inorganic  perovskite compounds have attracted much g-2D fresh

attention since their initial application in photovoltaic solar cells by

Miyasaka et. al. Among the Pb-based perovskites, three-dimensional q-2D after 1 year
(3D) organic—inorganic perovskites have been mainly used for solar cells. é

However, they are easily affected by moisture, oxygen, and heat, and are % 3D perovskite
susceptible to degradation by water. To address this issue, utilization of E w
lower-dimensional structures is expected. Our group have reported the 3D perovskite

. - . . . after 1 week
series of organic-inorganic perovskites having three-, two-, one-, and

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

Structural Control of Pb or Sn-based 2D Perovskite Compounds
Sophia Univ., °Yuko Takeoka!, Daizo Hishida?, Hirona Kobayashi', Li Chunging,
Masahiro Yoshizawa-Fujita, Masahiro Rikukawa

E-mail: y-tabuch@sophia.ac.jp

zero-dimensional (3D, 2D, 1D, and 0D) network of lead halide octahedra 5 10 15 20 25 30

[PbXe]* using various kinds of organic amines.? Up to now, we can

2q1°

find out that the 2D and quasi-2D perovskite structures show high  Figure 1. X-ray diffraction

stability against moisture, which enables no degradation of exciton

patterns of g-2D and 3D
perovskite films as prepared

absorption peak and layered structure after one year as shown in Figure 1. and after storina.

On the other hand, orientation control is very important to use 2D and g-2D compounds as light absorbers

for photovoltaic solar cells. Because 2D perovskites possess an organic amine layer that acts as an insulator

and the [PbXs]* layers are connected two-dimensionally, the diffusion of photo generated carriers is limited

to two directions. Typically, 2D and g-2D perovskites have a strong tendency to orient parallel to the

substrate, rendering the migration of transport carriers in the vertical direction difficult.

To overcome this problem, based on the idea that the orientation of 2D and g-2D perovskites is affected

by the crystallization process and the balance of various interactions such as ionic bonding, hydrogen

bonding and van der Waals interactions, we prepared 2D and g-2D perovskites by using various organic

ammoniums and several coting methods.> # In some systems, the orientation of inorganic sheets was

changed from parallel. In addition, we focused on the effect of symmetricity and ammonium grade (primary,

secondary) on the orientation. In this presentation, the detailed analysis of these systems will be discussed.
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Two-Dimensional (2D) Tin Halide Perovskite Semiconductors for Lasing
Westlake University !, Enzheng Shi’

E-mail: shienzheng@westlake.edu.cn

Due to the highly tunable band structure, excellent optoelectronic properties, and low toxicity, tin halide
perovskite semiconductors have attracted tremendous attention in the field of optoelectronics. In this talk,
by employing the slow-cooling crystallization method and tuning the polarity of the growth solution, we
obtained phase-pure 2D tin halide perovskite single crystals with tunable quantum-well thickness (n value)
and hydrophobic m-conjugated organic ligands. Based on these lead-free perovskites, photogenerated
carrier behaviors and lasing performance are systematically studied. Both high-n value (n> 1) andn =1 tin
perovskite thin flakes were successfully optically pumped to lase. Furthermore, the lasing from 2D tin
perovskites could be maintained up to room temperature. Our findings highlight the tremendous potential

of 2D tin perovskites as promising candidates for high-performance lasers.
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Understanding the stability of perovskite solar cells through an adlayer of FAPbI;3
quantum dots.
Vladimir Svrcek!, Bruno Alessi', Zhihao Xu!, Calum McDonald!, and Takuya Matsui'
'Renewable Energy Research Center, National Institute of Advanced Industrial Science and

Technology, 1-1-1 Umezono, Tsukuba 305-8568 Japan
E-mail: vladimir.svrcek@aist.go.jp

To enhance the stability of Formamidinium lead iodide (FAPbIz) hybrid solar cells without
compromising efficiency, we propose introducing a thin adlayer of FAPbI3 quantum dots
(QDs) (< 100 nm) on bulk FAPbI3 film solar cells. In this study, we assess the specific impact
of ligands and fs laser-engineered FAPbIz QDs adlayer on stability and performance. By
carefully controlling particle size and transport properties through the synthesis and ligand
engineering, we can effectively increase the energy gap of FAPbI3-QDs. We report that
substituting Octadecene with Octene as the supporting solvent at the same injection
temperature leads to effective ligand exchange. Using Octene resulted in superior optical and
transport properties. When applied to solar cells, FAPblz QDs with Octene exhibited superior
properties in all parameters (PCE, Jsc, Voc) except for the fill factor (FF) compared to those
with Octadecene. This drawback was overcome by femtosecond (fs) pulsed laser treatment of
the FAPbIz QDs.

Another crucial aspect is enhancing the stability of the FAPbI; perovskite layer with the fs
laser-treated FAPbI3-QDs adlayer. Unlike films containing a QDs adlayer, all solar cell
parameters for the FAPbIz film were depressed even after storage in the dark in a dry box
(RH~ 1%) only. This degradation further increased when the solar cells were placed in a
humid chamber. Figure 1a shows the power conversion efficiency characteristics of solar cells
exposed to continuous light for 0, 24, and 110 hours in a humid chamber (RH 30 %T=28°C).
Our findings indicate a significant improvement in stability when utilizing the QDs adlayer
compared to standard FAPbIz perovskite material, more pronounced for fs treated FAPbI3
QDs. It also implies that air stable FAPbl; QDs not only broaden the energy gap but also act
as a passivation layer for the FAPbI; layer surface, enhancing compatibility with the hole
transport layer. Furthermore, Figures 1b and 1¢ show XRD spectra and peak identification for
three sample types as a function of 24h exposure in a humid chamber. The QDs adlayer slows
down the alpha to delta transition when films are exposed to light soaking in a humid chamber.
Additionally, FAPbI; QDs treated with fs laser slow down the formation of Pbls.
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Figure 1. (a) Power conversion efficiency (PCE) of solar cells containing FAPblz, FAPbI3
with an as-prepared QDs adlayer, and FAPbI; with an fs laser-treated FAPbIz QDs adlayer. (b)
XRD spectra and peak identification for the three types of samples as prepared, and (c) after
24 hours of exposure to a humid chamber.
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Rapid Pbl: Precursor Evaporation toward Industrial Perovskite Solar Cells
Abduheber Mirzehmet!”, Calum McDonald!, Vladimir Svreek!, Hitoshi Sai!, Takurou N.
Murakami?, Takuya Matsui'

Renewable Energy Research Center,! Global Zero Emission Research Center,? National Institute of
Advanced Industrial Science and Technology (AIST)
abuduhebaier-m@aist.go.jp

Accelerating the adoption of perovskite solar cells is crucial for the evolution of renewable energy
technologies. Achieving high-performance perovskite solar cells necessitates scalable processing of
the perovskite light absorber, compatible with existing deposition techniques. Fast deposition offers
advantages such as reduced production time, increased throughput, and lower manufacturing costs in
industrial applications. Methods for forming perovskite thin films include solution processing (bar
coating, spray, inkjet, etc.), thermal evaporation, and hybrid processes. A common hybrid process
involves evaporating metal halide precursors like Pbl. and then coating them with an organic halide
solution (FAMAIBrCI in isopropanol) to form perovskite crystals [!:2l. This method has recently
attracted attention for its ability to enhance film coverage on substrates and produce uniform
perovskite films over large areas, potentially enabling the production of fully textured tandem
perovskite/Si solar cells.

In this study, we used a hybrid evaporation-solution process to fabricate perovskite thin films. We first
evaporated ~300-nm-thick Pbl. films at various rates, with the shortest duration for the highest rate
being about 8 minutes. (Fig.1) For the solution

process, we tentatively applied a spin-coating

method to coat the Pbl. film with an organic
halide solution (FAMAIBrCI in isopropanol). 7 -
We found that increasing the evaporation rate 1 o

resulted in an improvement in overall power EB'
conversion efficiency (PCE), comparable to 12{ Lo
that of spin-coated perovskite. The results 114
indicate that even higher evaporation rates are

possible while maintaining the solar cell

performance, which is beneficial for industrial mg § ;£ § >
applications.

[1] Fu, F., et al. Nat Commun. 6, 8932 (2015). Fig. 1. Box charts illustrating the statistical

[2] Fu, F., et al. Nat. Energy 2, 16190 (2017). distribution of power conversion efficiency (PCE)

as a function the average evaporation rate of Pbl,
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PbS-CQD Incorporated Perovskite (MASnI3) Solar Cell with s-SWCNT as HTL

Bangladesh University of Engineering and Technology, °Md. Faiaad Rahman®, Ahmed Zubair® #*
E-mail: frahmanfaiaad1999@gmail.com, fahmedzubair@eee.buet.ac.bd
Abstract— In the pursuit of advancing solar cell technology, a novel p-i-n perovskite solar cell design is proposed featuring
methyl ammonium tin iodide (MASNI3) as the primary light-absorbing layer, PbS CQDs as the secondary absorber, (6,5)-
SWCNT as HTL. For an optimized thickness 100 nm for MASnhI3, a maximum PCE of 22.203%, with Jsc of 30.31 mA/cm?,

Voc 0f 0.862 V.
I. Introduction

The main focus of this design is the inclusion of MASnhls, a
perovskite material, as the primary absorber with a bandgap
of 1.3 eV and an electron affinity (yp) of 3.93 eV [1], along
with PbS colloidal quantum dots (CQDs) that serve as a
secondary layer for absorbing light with band gap of 1.3 eV
[2,3]. The incorporation of (6,5) SWCNT with 1.3 eV
bandgap and electron affinity of 3.8 eV as the hole transport
layer (HTL) to create a blocking barrier for electron
diffusion [4] is a notable innovation that attempts to enhance
the performance of the cell.

Il. Materials and Methods
For modelling and building the structure, TiO2 was used as
the electron transport layer (ETL), MASnI3 as the primary
absorber, (6,5) SWCNT, a semiconducting SWCNT (s-
SWCNT), as the HTL, colloidal PbS quantum dots as the
secondary absorber, ITO as the front contact, and graphite as
back contact as shown in Fig 1(a). Optoelectronic
simulations were conducted in 3D at constant temperature
(300K) using Ansys Lumerical tools. The optical simulation
was performed, using FDTD methods to solve Maxwell’s
wave equations with Dirichlet and Neumann boundary
conditions. Periodic conditions are applied in X and Y
directions and a phase matched layer (PML) in the Z
direction, under AM1.5G solar spectrum illumination (300 —
1000 nm). For electrical simulation, performance parameters
like power conversion efficiency (PCE), short circuit current
density (Jsc), open circuit voltage (Voc), and fill factor (FF)
were calculated using Poisson's equation, drift-diffusion
equations, and continuity equations.

I11. Results and Discussion
For the initial opto-electronic simulation, layer thicknesses
of ITO/TiO2/MASNI3/PhS-CQDs/s-SWCNT/C were set as
50nm, 90 nm, 200 nm, 800 nm, 800 nm, and 100 nm
respectively. After executing simulations keeping centre-to-
centre distance (CCD) between nanotubes at 20 nm, the
device achieved a PCE of 17.48% with Jsc of 30.50 mA/cm?,
Voc 0f 0.877 V, and FF of 65.36%. Fig. 1 (b) illustrate optical
carrier generation rate, and (c) spectral power absorption
with respect to the AM1.5G solar spectrum. Device
performance results showed that increasing CCD, decreased
performance of cell as the (6,5) SWCNT became less dense,
reducing hole collection. Afterward, the thickness of the
MAGSNI3 layer was varied from 50 nm to 700 nm with Na
=1x10%® cm3 as shown in Fig. 1(d), keeping PbS-CQDs and
(6,5) SWCNT thickness constant. The optimal MASnI3z
thickness was 100 nm, yielding a PCE of 22.18% with Jsc of
30.309 mA/cm?, Vo of 0.862V, and FF of 84.91%. The PCE
peaked at 100 nm and declined beyond this due to increased
electron-hole recombination and reduced hole collection.
For Js, it increased with MASnIs thickness up to 350 nm
before decreasing. The diffusion lengths (Ln and Lp) for
MASNIs were calculated to be 322 nm, suggesting optimal
electron and hole travel distances, and a maximum Jsc of
32.78 mAJcm? Voc decreased slightly with MASnIs

thickness up to 250 nm, then increased up to 700 nm,
correlating with Jsc changes.
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Fig. 1: (a) Device architecture. (b) Carrier generation rate, G (m3s”
1y in X-Z cross-section (c) Spectral power absorption density, Pass Vs
photon wavelength for different absorber layer for AM1.5G solar
spectrum. (d) PCE vs thickness of MASnls. (€) J-V and PCE(n)-V
curves.

FF consistently decreased with increased thickness. To
explore the effect of acceptor doping density (Na) of
MASnI3 on device performance, Na was varied from 5x10%2
cm? to 5x10'® cm3. Performance remained stable up to
5x10'5 cm3, slightly decreasing marginally after 1x10® cm-
3, The optimal output was extracted with a PCE of 22.203%,
Jsc of 30.31 mA/cm?2, V¢ of 0.862V, and FF of 84.98% with
calculated dark current density (Juark) of 25.06 mA/cm?,
1V. Conclusions

In this work, the impact of incorporation of PbS-CQD,
density of carbon nanotubes as HTL in perovskite solar, and
thickness and effective doping density of MASnIs on the
performance of device characteristics has been investigated.
Further research can be implemented to optimize the device's
efficacy even more.
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BAKRKBREI', BKRKITA/ RHH?

Sch. of Eng., Nagoya Univ. |, i-MI., Nagoya Univ.?, °Yutaka Matsuo'*

Hg—RF ) Fa—7 (CNT) HEELHHEMmZ AV - AEERKEER (OPV) B LUV
07 AJA hKBEM (PSC) OAFZEIZBIT 2 AT OBV FLAIZ DOV TR T 5, FFIC CNT JEfE
HBHHEmE, B2 TRAAOEMm (7Y —K) ELTHWADZDO CNT IZXT 5 n R—7IZ

R B8

E-mail: matsuo.yutaka.h7@f.mail.nagoya-u.ac.jp

S CREIC T 5

# 1. OPVorPSC, JIER or i, L or FEREMOE 8 fli¥HD CNT-OPV, CNT-PSC

THEE LHEE
(ERE) (REEHE)

b £ ]
JIEEOPV ITO
pEICNT
HROPV ITO
nEICNT
IREPSC ITO
nEICNT
WEIPSC ITO
pEICNT
<MECNTXBEBth>
WRIPSC pEICNT
E AN

Hh—RoF/Fa—T@BRBEHEEOPV

nECNT
Al

pEICNT
Ag

pEICNT
Ag

nZUCNT
Cu

nEICNT

RERHAH
PV-D4610/PCBM

PV-D4610/PCBM
PV-D4610 /PCBM

MAPbI,

MAPblI,
MAPblI,

MAPbI,

1)Y. Matsuo, Bull. Chem Soc. Jpn., 94, 1080 (2021).
2) KEasry, M2 &, #H#T 7/ mP— 2023, Vol. 10, No.11 (2023 4 8 H5), P58-61.

© 2024%F ISRYMER S

100000001-066

nEICNTEE

BF
WX

LiF

ZnO
Zn0O

CGO

PCBM
c60

(PCBM)

IEf
b
PEDOT:PSS

PEDOT:PSS
PEDOT:PSS

(spiro)

PEDOT:PSS
PTAA

(P3HT)
PEDOT:PSS

ITOZ!)—TECNTEE
1. MEZYEA 10ecm 5 CNT-OPV £ I EY =2—/L, CNT #7 Y — R, ITO Z V720 OPV

%
M
8.0%

5.5%
2.9%

17.0%

8.0%
17.2%

7.3%

SES5MISAMEREMETRMAER BETHE (2024 REAVEEN2RIFEAVFIY)

T4



16p-C41-10 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

MASNX; (X=CI,Br, D RATX A A FMEEDOKBEMNLBINELE LTOE
F - RFHHEE & RIEEEE
Electronic and Optical Properties and Defect Investigation of MASnX3 (X = Cl, Br, and
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Organic-inorganic hybrid perovskite materials, such as MAPbI3, have demonstrated exceptional potential
as photovoltaic materials due to their high-power conversion efficiency, and solar cells based on MAPbI;3
have reached a power conversion efficiency (PCE) over 25% [!!. The commercialization of this technology
is hampered by the toxicity of lead (Pb); however, tin (Sn), which is also a group 14 element like Pb, forms
similar crystal structures and is considered the most promising alternative.

Despite similarities in electronic properties between MASnl; and MAPbI;, the photoelectric efficiency and
stability of tin halide perovskites are limited by self-p-doping and tin oxidation [?!. It is essential to investigate
the microscopic origin of these phenomena to propose solutions and promote the use of lead-free perovskite
solar cells. In this work, a detailed investigation of the electronic and optical properties and thermodynamic
stability and trapping activity of native defects in MASnX3 is carried out, which is achieved using density
functional theory (DFT) calculations. The findings from such investigations may lead to novel approaches to
overcome the issues associated with tin halide perovskites, thereby promoting the widespread use of lead-

free perovskite solar cells.

(2)

The results of defect energy calculations (Fig. 1) based on first- I
principles indicate that Sn vacancies and X-site interstitial atoms

Br

are easily formed among several defects in MASnX;. Among

them, MASnCls is found to be less likely to form Sn vacancies, 1

and is considered to be more stable than MASnBr; and MASnI; 0 0.01 0.02 0.03

o . . . i v/
due to the stability of its formation energy and its tolerance factor Defoct Formation Energy (<V/atom)

(0.95) being close to that of ideal perovskite. X-ray absorption (Ih )
near edge structure (XANES) theoretical calculations show a .
small discrepancy between the XANES spectrum with Sn

vacancies and that of the defect-free structure, whereas with “

-0.003 -0.002 -0.001 0  0.001 0.002 0.003 0.004 0.005

interstitial X-site atoms, there is a clear discrepancy with the Defect Formation Energy (eV)

XANES spectrum of the defect-free structure. This may be due to Fig. 1 The defect formation energy of

the fact that the crystal structure around the interstitial X-site . . .
(a) Sn vacancies and (b) interstitial

atoms is distorted, while the change in crystal structure due to the

. X-site atoms in MASnXs.
Sn vacancies is minimal.

[17Y. Yang, R. Chen, J. Wu, et al. Angew. Chem. Int. Ed. 2024, ¢202409689.
[2] D. Meggiolaro, D. Ricciarelli, A. A. Alasmari, et al. J. Phys. Chem. Lett. 2020, 11, 3546-3556.
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Performance Optimization of Ge: Sn (1:1) Perovskite Solar Cells Using Doping
Engineering
Univ. Electro-Comm., °Ajay Kumar Baranwal, Qing Shen, Shuzi Hayase

E-mail: ajaybaranwal@uec.ac.jp

Lead-free materials are rigorously explored as substitutes for environmentally friendly photo-harvesting
applications. Germanium (Ge) as a replacement of lead forms perovskite structure with promising
theoretical optoelectronic results. However, its practical application is hindered by low octahedral factor
values (=0.33). Conversely, tin (Sn) has demonstrated exemplary experimental and theoretical results as a
lead replacement. In this study, we fabricated a Ge: Sn /1:1 perovskite film with an improved octahedral
factor of =0.43, to harness the excellent optoelectronic properties of Ge-Sn alloyed film.

As a first step, we devised a dimethyl sulfoxide (DMSO) free solvent system, as DMSO rapidly oxidizes
Gely and Snl,. X-ray diffraction pattern, UV-vis spectra, and photo yield spectra measurements confirmed
the successful formation of Ge-Sn (1:1) crystal, fabricated using simple spin coating methods.
Subsequently, we fabricated Ge-Sn films on PEDOT:PSS/FTO and deposited C60/BCP/Ag layers
sequentially using thermal evaporation to complete the solar cells fabrication. However, the photoelectric
performance was limited due to poor solubility of Gel,. To address this, in the next step, we employed an
additive engineering which enhanced the solubility of Gel, and subsequently reduced the nonradiative
recombination. An enhanced efficiency 3.23 % (FF=0.61, open circuit voltage=0.53V, short circuit current
density=10.03mA/cm?) was obtained. Figure 1 shows the maximum power point tracking (MPPT) testing
inside N2 filled glove box. At the end of 1000 seconds measurements, 85% of initial efficiency was
maintained. The complete device fabrication process and role of additives pertaining to the device

performance enhancements will be discussed in the conference.

Normalized efficiency [%]

0 200 400 600 800 1000
Time [s]

Figure 1: MPPT test of fabricated Sn-Ge perovskite solar cells
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Resolving the Light and the Thermal Stability Issues in the Tin-Lead Perovskite Solar
Cells by Manipulating the Carrier Selective Layers with Dopant and/or Passivation

The Univ. of Electro-Communications!, Univ. of Tokyo?, °Shahrir Razey Sahamir'*, Takeru
Bessho?, Hiroshi Segawa?, Qing Shen?, Shuzi Hayase!
E-mail: shahrir@uec.ac.jp, hayase@uec.ac.jp

The investigations into the stability issues in the tin-lead (SnPb) based perovskite solar
cells (PSCs) have been increasing as of lately while the performance reaching more than
24% in efficiency has been reported . It is important to achieve excellent stability under
prolong light illumination and thermal exposure above the room temperature for the SnPb
PSCs to compete with existing solar cells. Various reports are available on the stability
improvement such as the introduction of additives or dopants in the active layer of the
SnPb PSCs; substituting or passivating the PEDOT:PSS hole transport layer with non-
acidic materials such as carbazole based self-assembled monolayer >3, substituting the
silver electrode with metal copper or carbon derived materials and many others. The core
improvement of the stability based on these studies pin-point to the ion migrations as the
main culprit for the stability issues in the PSCs. Thus, reinforcing the carrier selective
layers seemingly important in order to mitigate the migrations of ions across the SnPb
PSCs. In this research, we will demonstrate the effects of incorporating the carrier
selective layers of the SnPb PSCs with dopant and/or passivation layer on their light and
thermal stabilities. The preliminary results showed the PCE improvement to more than
22% efficiency and overall solar cell parameters such as FF, Jsc and Voc; due to the
decrease in shunting and enhance recombination resistance which correlated well with
the reduced migration of ions under XPS investigation near the electron transport layer.
The light and the thermal stability studies were conducted on the SnPb PSCs with
modified carrier selective layers showed enhanced stability under prolong exposure to
light and elevated temperature.

Reference

(1) Zhou, X.; Zhang, L.; Yu, J.; Wang, D.; Liu, C.; Chen, S.; Li, Y.; Li, Y.; Zhang,
M.; Peng, Y. Integrated Ideal-Bandgap Perovskite/Bulk-Heterojunction Solar
Cells with Efficiencies> 24%. Adv. Mater. 2022, 34 (40), 2205809.

(2) Kapil, G.; Bessho, T.; Sanehira, Y.; Sahamir, S. R.; Chen, M.; Baranwal, A. K;
Liu, D.; Sono, Y.; Hirotani, D.; Nomura, D. Tin—Lead Perovskite Solar Cells
Fabricated on Hole Selective Monolayers. ACS Energy Lett. 2022, 7, 966-974.

(3) Sahamir, S. R.; Kapil, G.; Bessho, T.; Segawa, H.; Shen, Q.; Hayase, S. Achieving
High Efficiency and Enhanced Thermal Stability in Germanium-Encapsulated
Tin—Lead Perovskite Solar Cells. ACS Mater. Lett. 2024, 6 (4), 1241-1246.
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Advancements in Stretchable Electronics and Electronic Skin Technology
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Fig. Fingertip Sensor

The polyurethane and gold sensor can resist shear forces and rubbing. © 2020 Someya et al.
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Flexible Electronics Based on Carbon Nanotube Thin films
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) Fa—TFV VI T 7 4 EIESEM T ut A RIS TE, 4 MERE & e it T
&2,

KIERTIE, PEERDT =R T ) Fa—T DEFT A ZIGEH O ATRENE & T O R 273
ML, B’ax DRV BATHND 7 L TIVETT A AT %05, ST EAIC
JRE LR WL b T 0 DR 2 OEMREIE O FEBI[1], FFREE O O EMmtEE o7 Fr ZE
gt 7 n s s Tny by REREOETER2]72 EICHOWTHET 2, AT, BOME
By oY OERBE B L RRRBEEAEN T RV X — " —_XZZ[BAIZOWT BT 5,

BE R

[1]Y. Nishio et al. Adv. Electron. Mater. 6, 2000674 (2021).
[2] T. Kashima et al. 10.21203/rs.3.rs-68702/v1.

[3] M. Matsunaga et al. Nano Energy 67, 104297 (2020).
[4] AKIEIR S JSHPEL 90, 684 (2021).
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Development of low work function electrodes using organic strong bases
and their application to flexible OLEDs
FEKREA L NHKEBE?, BAMEK S XKBRXFE* ORI ShE?!, 4K ®?

XE 2 EA #Hh2 FK BR? BA) REAS EH B3, HFHAF RfT
Chiba Univ. !, NHK STRL?, Nippon Shokubai Co., Ltd.3, Osaka Univ.* °Hirohiko Fukagawa?,
Tsubasa Sasaki?, Taku Oono?, Takuya Okada?, Takahisa Shimizu?, Munehiro Hasegawa?®,
Kenji Kuwada?, Katsuyuki Morii®#

E-mail: hiro.fukagawa@chiba-u.jp

IR, 7LRT TN ARy F Y T VL7 hn = Z0#RITH R ELL, fIZIX7LvF 7 AR

EL % 7 (OLED)%Z W\ /=A<~ —h 7+ A bSND72E | HiTeb DL/ >odh b, 5%, 7LF
TIWIRNT P AZ [ — I LD AETERIENE R B0, 7L 7V KM LD A P RE =R /L%
— RN L2l Fox OAETEEEDNC, Rt ATRER b DI T HEFET A ZAD BRI KA HIFFS
NTND, ZNBT AT TR, EOREA BT D72 ICEME KL D R THE AT DOLYERY
DLFET D, B2 1E OLED AR EMEIOTE 7B /11342 2.5 eV BL T ChHLHI= | -1 1
J& R D FEA DLV B T AEE BE %k (work function: WF)73 3 eV L F D7 /L V& @A ] R CTdh o7z,
LinLZeiie, 7V & RIE O EDS @ oD i e B Ik 2 B LT 5708 | AT A A~
KL TR, KT, T 25 HEBUZ T SA ZDIRIR N AT T, AL Ry 78785 TND,

B2 IZZOMEE RS BT, T A V4E 8 %% AV WE MR B A TE R 2 BB R %
D TE7 (X 1a ), ARETRE LM OA - ER LD DK FERE A DOTEAEFI L ZnO JEfED
WF % 3.0 eV FTTE [1], Fo, 7=F bl g8k Zn0 EORIOBNL Sz
THIET, ZnO FTFED WF % 2.4 eV IR TEHZEA R LTZ[2], T L C, KFEAE A LB SR O
05 %5 FH RTRE 7R A BERRIE FE A WD 28 CL TLI= A0 WF % 4.1 eV 7254 2.0 eV FTIRIET 52 &
WZRFILTZ[3), 2D 2.0 eV EWVOHEI, TV V@ REFEDOHF TH D WF 2MEV Cs L[R5 D WF Tho,
AFETIX, 260 WF I B T2 AL 7L 27 L OLED ~OIGHIZ DWW TRIT T4,

(a) Coordination reaction + (b)
%M - [Ref. 3] Hydrogen bonds (2.0 eV)*—2 § —Cs
Coordination reaction [Ref. 2] el
= Coordination reaction
w %O LN Coordination reaction (2.4 eV)?—
- zno - B 25 _ga

PRV Y

Hydrogen bonds ;_ —Ca
T
& Hydrogen bonds (3 eV)'— 34 —| 2 _

ydrogen bonds [Ref. 1]
ITG/zn0 Energy from vacuum level (WF)

Fig.1: (a) Schematic illustration of change in WF caused by strong bases. (b) Pictures of flexible OLEDs.
<ZEICHR> [1] H. Fukagawa et al., Adv. Mater. 31, 1904201 (2019). [2] H. Fukagawa et al., Nat.
Commun. 11, 3700 (2020). [3] T. Sasaki et al., Nat. Commun. 12, 2706 (2021).
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Flexible edge system powered by machine learning
mEXRE MH HE
Hokkaido Univ., Kuniharu Takei
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JEE< . T LUTHENTINT 2 FIEL MBI D, TIUCITREEIC X 5 BEET, 61
B8 % o E<FHT L2 LT 2O THEEOH N ZWREICT 2~V F X A7 2R
BEhREE LTEZLND, ZHUCE Y BV REEITE, ML LTEENMEL TE 5,
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[1] Oh, J. Y.; Rondeau-Gagne, S.; Chiu, Y.-C.; Bao Z
et al. Nature, 539, 411-415 (2016).
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Figure 1 Polymer and CB structures in this study.
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Fig. 1 Illustration of a concept of an organic thin-film transistor (OTFT)-based chemical sensor using an
extended-gate structure. The molecular recognition materials are designed according to sensing purposes.
[1] T. Minami et al., Phys. Status Solidi A 220, 2300469 (2023) (Invited Review, Cover).

[2] T. Minami et al., ACS Sens. 4, 2571 (2019) (Invited Perspective, Cover).

[3] T. Minami et al., Commun. Mater. 2, 8 (2021).

[4] T. Minami et al., Sens. Actuators B Chem. 382, 133458 (2023) (Invited Paper).

[5] T. Minami et al., ACS Appl. Mater. Interfaces 14, 22903 (2022) (Invited Paper, Cover).

© 2024%F [CRAYEER 100000001-073 T15



16p-C42-4 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

T—E8R—X&E A ZFEALE-ERELEERT /N1 XFFH
Development of Organic Semiconductor Devices Using Database and Al
IR ROEL °#H 5hz
ROEL, Yamagata Univ., “Hiroyuki Matsui

E-mail: h-matsui@yz.yamagata-u.ac.jp

T2 _X= 20 NLHEIEE (AD ZIEH L7 LT 5, AGEE CIEA B G ROH 1
N7V AZZH LTI D ZIEH LT = DO RFF LTI 2,

[(MBET—E A= DIRENE - BAEEDIER] 7o 7V v Ui T — & X—2 & KH
1 DFT MR Z MG, BEE S M RICARIR s FE a2 R Lc, oR I & oBEfEy
SO FFHMNZ RN LA, 4 (S=R) &7 I (NR3) ORI CTEEIE OENAEEICK
TN ERHLMNE o7 (Fig. 1) B, BIIEF 42 &7 2 v & FF>F 4Rk #%E NH.CSNH, (38)
JE~0.2 cm?Vs O P8R L i S TR VB KIEME « EFEFR L Vo ez H9 5,
(RMZEBCLD2YWETR] G EOMELTFE LI Al 20T 4 2 AT 52 &
T, o FAEERE IR HOMO, LUMO © /L —RG A S M2 Tl FTHEZR Web & A7 L
YU canvas Z %4 L7z, HOMO, LUMO = % /L ¥ —@DO5E £ 7 /L2 1% Ridge Plf £72137 7 7 &4
W= —FFy NT—7 2RV, TR I ESEREET02eV THho T2, BRESED
FHEET /VIZIE LightGBM Z W, 9 4 DA FALTFENED T AaT 2 Hifi7T — 2 & Lz, KXY —
JATBAIEA > T A VAR ZIT > T HH,

(ZRA— P A= 3 VICKDEHIESIOORIDANA ARHEIL] BEHTHE N VA X %21E
B« JEFEZR Fig. 3 DV AT AEMEHE L, <A Xfgifk Al (PHYSBO) EfAAEHED Z & T,
ER TR ORMREER > DL —TZHEL L, R LA T 2 DA X OIS
TEEEIET DV AT DEMBE LT, ZOVAT LETEH LIRS, 2-C12-BINT A ~ 7 V2
Z DT T HNVHIRNS K > CRABEE 4.3 cm?/Vs % 28 L 726,

ARFFEIE JST, CREST (JPMICR1812) K OVEMiF & Hg B (23K23199)D 4k % 521 CTiThivE Lz,

FNTEHFMEEALN O

C N s i e oo T R
| | Y 1 =|-l==~A000000R% E R | G

9 @ % ‘a c
o @ J " TNT SMEEEER O

- _

9
-S: 281 meV .

| A L S 2
Interatomic transfer integral: u :| AEFLERR ©
N = .
! i 3 x
[
s 0 200 400 AlCEDMBUAFOER ©
Ju| [meV] o L

F-

Fig. 1 Finding substructures leading EZD  Fig. 3 Bayesian optimiza-
to large transfer integrals in materials  Fig. 2 Al-assisted molecular design tion of printed devices by
database tool: YU canvas lab automation

[1] R -RIBERE /D55 7 12 7 7 A teal, https:/github.com/matsui-lab-yamagata/tcal  [2] K. Ozawa et
al., Sci. Technol. Adv. Mater. 25, 2354652 (2024). [3] S. Yoganarasimhan et al., Philos. Mag. 22, 1075
(1970). [4] Al &4y 1%t —/V YU canvas, https://matsui-lab.yz.yamagata-u.ac.jp/softwares.html
[5] /IMRFER, fth, JSHA®ERF4 2024 &, 24p-22B-2.
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Phase Segregation-Induced Highly Sensitive Printed Stretchable Strain Sensor Using
PDMS/PEDOT-CB Composite
°Yi-Fei Wang ¢, Junya Yoshida 2, Ayako Yoshida !, Yasunori Takeda !, Tomohito Sekine 2,
Daisuke Kumaki !, and Shizuo Tokito *
1. Innovation Center for Organic Electronics (INOEL), Yamagata Univ.
2. Grad. School of Organic Materials Science, Yamagata Univ.

E-mail: wang@yz.yamagata-u.ac.jp

Stretchable strain sensors have emerged as highly desirable components for the next generation of
biomedical devices, wearable electronics, and soft robotics [1]. Recently, stretchable conductive composites
have garnered significant attention in the research community as promising materials for these sensors due
to their cost-effectiveness, inherent stretchability, ease of processing, and tunable electromechanical
performance [2]. Constructing a conductive composite that enables stretchable strain sensors to achieve
high sensitivity while maintaining a wide sensing range is highly desired [3]. However, previous
approaches have often relied on complex material synthesis and expensive manufacturing processes,
presenting scalability challenges and severely limiting their practical applications.

This report highlights our latest advancements in materials design aimed at creating high-performance
printed stretchable strain sensors. We have successfully formulated a simple, biocompatible, and printable
ink by mixing PDMS, PEDOT:PSS (referred to as PEDOT), and CB. Due to the immiscibility between
PDMS and the solvent of PEDOT, the PEDOT-CB exhibits spontaneous phase segregation from the PDMS,
as shown in SEM images (Figure 1). Compared to the binary blends of PDMS/CB and PDMS/PEDQOT, our
PDMS/PEDOT-CB ternary blend offers significant advantages, including high sensitivity, a wide sensing
range, and low hysteresis. Additionally, the material system and process are straightforward and
biocompatible, making it superior to other reported composite systems. We have successfully developed a
printed stretchable strain sensor with a high gauge factor of 2000 (@30% strain) and demonstrated its
applicability in wearable sensor applications.

This study was partially supported by JSPS KAKENHI Grant Number 23K13806.

Ink1 PDMS/PEDOT PDMS/CB § Ink3 PDMS/PEDOT-CB
PEDOT-CB PDMS

Figure 1. SEM images of printed composite films of PDMS/PEDOT, PDMS/CB, and PDMS/PEDOT-CB.
[1] S. Yao et al., Adv. Mater. 2020, 32, 1902343. [2] D. C. Kim et al., Adv. Mater. 2020, 32, 1902743. [3]
Wang et al., ACS Appl. Mater. Interfaces., 12, 35282(2020).
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N FOFLEAF4Y Oy IV ERT/IA RO
Developments of Iontronic Hydrogel Devices
iche 2 /N A
Tohoku Univ.

E-mail: nishizawa@tohoku.ac.jp

EEER RIS T D maER - Ka 2 FRITRER Y AT L OFEN 2RO Z/E L TaE Y
FTEDLNTEY, TOHRERED TV =7 7 7NV RO DIAL T S A 2O ERBIFME 418 K9 5 B
RBADWL L TV D, ERA22W - ek GHI - B &5 BT N1 2%, FoMuMes
FOEM OB RN ERH LI 7 VX TNy 2T T T NNT 8, 2L LTRBEREA TN D, S
LIS T, MEDOTTAF v I 74 VM ET L7 br=7 2FENERL, AERBX
OVideas 22 T O WA 22 MIZ b3t L CHEET D 7 4 VAT A ADFRPIEATHD, L Lo
E LTV Z T T AF y Z I3 CMETH YD (v 7R GPa), bW (v 7 5k 10KPa)
CIEALDCEETH D, £, RROWERZED OAEMBEZILLCLE Y, AFETIE, EM
FTNA AOREIMEE RE L, &RSCT T AF v 7 R EOBOMEE, Y7 by MIETH D
A RS VTEEWMZ LT v Lo VD TWD, ABERTIE, M ReZVoOMIZ L5 A X -
FERD A EAE D LI T 3 A0 HENBE~OEEFEE |, BEHEIC L D% - HfEOEY = L
—va v WS BT b ATRE e ~NA R e F NV BIOEIR S AT MW CHIEHE T 2 (Fig. 1,

TR BN S B A A R 7L ORENER T 2 HMOBRRICKRI L1), TA
DDAFIICHW 2 BHENEMm A ER L (2), 1R8OI FHIIMERE 2 sl L7z, U 7AVEMIE, R
E=AT A=y — e OTHEINT THES L, BoKBEER AR CEB M & B CEET S
BEREZ AL L 7-(3), 7 ¥ OAEMRIIEERICE O CENEBIEE 2R TN TE, &
KRRz D72 mBHEE R > N2 oW T, Bt (B F AoV 7 =A%) o7 7 I T
I RRINEXICONWTHMNEE ) v~ — L OESRHICE - TA AU BE L Kb L, BOF 2% %
RRFRIZ I | & 72 (4),

(1) Adv. Healthcare Mater., 3 (2014) 1919-1927; (2) Sci. Reports, 9 (2019) 13379; (3) Adv. Healthcare Mater., 11
(2022) 2201627, (4) Adv. Functional Mater., 34 (2023) 2304946.

BEEET 37 ILVEH 7 EIR mEES VDIESRY T

=\ _
e [ |

Fig.1 A FaZAflfitr b=y 7ERT /A A
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RYE=LFLa—L - RUILEVEETFT/ I7413—FRW:
Akt L RiEEZHRET SRBEER
Water-Resistant, Stretchable On-Skin Electrodes Based on Polyvinyl
Alcohol/Polyurethane Blend Nanofibers
RABRRIL! “M2) =% Hil' IR /A, = BE! #HE Jz', 248 EX!
Univ. Tokyo ' °Maho Mimuro', Kento Yamagishi', Sunghoon Lee!,

Tomoyuki Yokota!, Takao Someya'

E-mail: mimuro@ntech.t.u-tokyo.ac.jp

W, U=T T NT A A% iz BHEARRIZ Téé%hﬁ#wﬂmm AtbhTnb,
HAREZD—DOTHDHEEA B —F 2 AL, &Fﬂj7w EDMRBEILHITEH L BEEDH 5
DHELREERIZ 3l 2 & LTabNTERY | BRI S 2 kf B J& R B D L% L0
. XFVX% ZY TR E~DISAPHIFE SN TS, 2 E Tlo, ERBEHIZER TS
WRMECENT-T /) A v 2 BB S8, =@%%&¢5%/774A—Km%@®ﬁ
U1:w4v7vv:v—n4PVA)%$i#+kl,fw\éf;&> MM & IcZ L& ) BIRERN & - 728),
AWFFETIL, PVA IZKGEDORY v L ¥ A (WBPOEERLA LT ) 77 A N—%2H N5 Z LT, F
J Ay 2 BN & AR fErE DS E AT > 72,

F9°, 15wt%®D PVA IHE & 30 wt% D WBPU 5%, PVA & WBPU OIEALEDY, 10:0 225 3:7
DERILDUHRTRA L SHEEOREAEZRM L, =7 br A= 77E% W THEZ 300~900
nm OF ) Ty AN=nb2hF ) AyvazffRl LT, 512, PVA/WBPU 7/ A v = kIZ
JEX 100nm D& & EZERETHZ LT, T/ Ay v aBEBlBalER L-, R, ThEhod /) £
v 3 2 AR & ARfETEOFEAN 21T > 72, MH/KPEERER TIL, AI&?%@ W Ay o
f A B L. K& ANTZ AT T ZAEOHFIZ AL T4 10 4rfEEl#EE (400 rpm) S, R L7
T Ay v a BROEREFHIT 5 2 & TKITOMAMNEZFFHE L7z, £ OfER, Fig. 1R &

Iz WWU@ﬂAﬂﬁMiDdéwﬁﬁfi R 2 5 TR Y LA RIS B DTt
L WBPU 7% 50% & 70% DFEMRTIX, 10 53 DEHE%E © Z I Z 88%., 96%D HIFEAFE Y | FRY M
KMEZoR Uz, 72, (et ¢, Alﬁﬁ/~ MZHEF L= 7 A w3 2 BRI 10% ~80%
DORIREAREIMZ, BRIKPLOBILR 2 i LTz, £ OfE%, Fig. 2 (277 X 912 PVA/WBPU =
5/5 DEMRD I 10%LL EDEAIZT LT HEB ML R L TW2(ZJEDORKOMO : 66 %), LL
Li@lWAkWMU%II@%4T@ L7t ) 77 A N—%H\5 Z & T, Ml & mk ek

N B A R LT,

[
[2
[3

Alexander, H. et al., J. Investig. Dermatol., 2018, 138(11), 2295-2300.
Sharma, M. et al., Int. J. Med. Res. Prof., 2016, 2(6), 13-17.
Miyamoto, A. et al., Adv. Healthcare Mater., 2022, 11, 2102425

e

[4] Harada, T. et al., #iErEm 7= 1983, 36(6), 275-279.
, : , : 11—
1 ] —e—PVA/WBPU=10/0
@ ——PVA/WBPU=9/1
et ~— ——PVA/WBPU=7/3
® 08} —e—PVA/WBPU=5/5
- ——PVA/WBPU=10/0 100 | |[——PvAWBPU=317
£ ——PVA/WBPU=9/1
s 06} ——PVA/WBPU=7/3 |] o
£ ——PVA/WBPU=5/5 @
« 04} ——PVAWBPU=3/7 || [
o
o 104
5 0.2]
o
ol
0 2 4 6 8 10 0 10 20 30 40 50 60 70 80
Stirring time (min) Strain (%)
Fig. 1 Result of water stability test Fig. 2 Result of strain test
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S ARISHEBNISEA T S REK - BRILEESET TS

Highly flexible and stretchable liquid metal antennas mechanically conforming to
biological tissues
RABRL! YUAR—LIBMTHFCIK? g AN, Fo 7Y%, Fav vzoixzy
L T7Y Ix¥XAI42 BX EiE?
UTokyo!, SUTD?, °Kento Yamagishi', Terry Ching?, Wenshen Zhou?, Shao Ying Huang?, Michinao
Hahsimoto?

E-mail: yamagishi@ntech.t.u-tokyo.ac.jp

TV T LEFERSETLHHEES (EGan R°H Y A Z V) X, HERTHKETHY . mERLE
PE (>3x10° S/m) 2 H T 578, il IRE/RE F7 /A ADOBAFICIRA S FH ST DU, £,
BHEETHDLZ N, BRI E KM LT =T T TNV - A T T BZTNNT I, ASDS
Mb S TV DE, HIEGRE M L 32877 A ADERGEIZIE, ORKEE)E % E
BEMI ARG == J L CHIET D HEL @74 NI V7T 74 82 WK LI~ A 2
PEICIRIA SR A FEANT D HTEOFIZ 2 FEOFER S D, LL, ELLDOFES KM 2l
KFTBZEZRARHY ., ZNETHE SN TOBIRIKERET XA ADIF & A EIXEES 100 pm
VUSRS, T ZARROFHME, B MR L ORI~ DS HEICHER & o T2,

T ZTHaIE, EA 7 il (DIW) 3 ROCFIRE 2 VT, RS~ i nroxs
A b~ — I BICHRIR SR D 7 D A B 2 AT D Bl 2 8
ToAZHESE LT, BAREIE LT, 7T aa RICERI S iz )
a— O~ A 7 nifEIZ KT FEE M O LED X IC F v 7 &l A0iA
AT, TREENICIRIE R () v AZ ) ZIEANTH T ET, 13.56
MHz O JE W% T2 B U@ (NFC) BUAR T ehhis L 7 HEHR
BT ANA 2R NC # 72 RE LT () BY, ZokeRr o7
FITAT - i - ATV 72 E DL L CTEIL I ik, e,
MAMEZ R LT, S BT, F5bF & 72 2 g i (2 AR AR D #2535
PEmd A F= " Z2Efid 5 2 & T, HoDEE Vo8 &
DFED WNIBFARRIZ T 228 U852 B Lz, Z O, HAREET VT F
ER, B BEOY T buky MR EICHBICEAT AR 4k 2 m e 5k 5
i ATRE 7R B 17 3 A DG - RUSTREHIRTZ A TREME 22T 2 () e 1044 (F)
D2 LIRS N D,

(ZE 3R]
[1] S. Chen et al., Appl. Phys. Rev. 10, 021308 (2023). [2] Y. Deng et al., npj Flex. Electron. 8, 12 (2024).

[3] K. Yamagishi et al., Adv. Mater. 33, 2008062 (2021). [4] K. Yamagishi et al., Adv. Funct. Mater. in press.
DOI:10.1002/adfm.202311219
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FRNEFEICR T BRI FER T/ ADFFE & RERREFTE
Development of Thin-Film Light-Emitting Devices for Photodynamic Therapy
and Evaluation of Anti-Tumor Effects

RIXKEGET ! RARBEXE? FPREILS RIKI Y RIKELH S, RIX ASMat

D)EHk BA BE XH ERX BEE 8H R4 BER BEX?S, HKk #F '
O(D) Masato Saito!, Daiki TokuraZ, Yasufumi Yokoshiki®, Takashi Tokuda?,

Takahiro Nomoto?#, and Toshinori Fujie'-3
Tokyo Tech®* 5 ¢, UTokyo? and Aoyama Gakuin Univ.> E-mail: t_fujie@bio.titech.ac.jp

[F& =] el 79k (PDT) 1. JEREHIC Lo TRBEAIZ i L, — EEiERE 24 U S i
ik 2 BRI T 2 D AIRIRIE Th D, BRIRBLE TIE— A L—%F — R (K 100 mW/em?) %
15 3R FE RS B3 2 23 SO REZE O M HEISEFTICRA R H D, A hv s I v 2 PDT(mPDT)
IEPRE5 726 (K9 100 pW/em?) Z RWef] - SE R BRET U CORB A & b < ¥#ci) % PDT oo—Fa%!
Wcdhsb, Fv 7 LED 72 & CHREATRE/REED =0, AERN TEIET 2 OIARTI DR NT /S A A
Z AW TN AIREIC 72 W B PDT OB TH o 72 BT OHIR 2 Fa k2 Z E XM/ ST 5,
AWFTECTlE, AEREE~D mPDT )5 % B8 2 T, FktE & ARBEECEN DR Y -D,L-5LE
(PDLLA) 5% HAr 12, FIRIBRARER GBI 275 H U 72 IR 36T S A 2 BH%8 L, B imia & 1
NATET I~ A% FWT PDT W B2 WGEE LT, (a) (b) “Em

[J7:] OPDLLA # (F 49 spm) ki, BRI s
B & AWT Au T/ A > 7 THlE L7 Rk o = A
VLR (@:20,36mm) ZHRE L7, A LOEREIME
REZMIE L, F v 7 LED (\: 630, 535, 390 nm) % f4# L
T B IR B o & e 972 2 & CEHBRRIE LT A R
AR U7z, 784 ZOVEREIT, A8 (13.56 MHz, ~7 W) [
RN 5 MG TR I R L BE o gk <27 [
i L7z, @EHIEH (Chlorines) A0 iAEt7-t bl [
A8 /AN (SK-BR-3-Luc) I2%f LT, FHF AL AR L
F w7 LED % AT 24 WMk L CORRE L7z,
Live/Dead Yefaifiz AV CTHIILA 77 — L COIEHIRIEN o

GIL I, @70 7 % (BALBI omale) Oz LS b 8 Imags of e 020 mm devie i
WIZ~ 7 ARG AR (CT26) ZBHE L7, EAEE. carcinoma model. The tumor area glows red due
A1 < & 5 R 7 A X P e lmesncs o e devioe. 0 G of
(Figure 1.(a)), MIEF 25 LTz, ~ U A% 24 FE[HS  (Feeding power: 7 W). (¢) Graph of cell death
B —ONTRB TS L TmPDT 2 EMi L7, ZDi% area percentage at Qifferent erpission intensities
W A %5 SRR B = & IR A e L7 and drug concentrations at various wavelengths.

ey
o
[=)

Light Intensity [uW,
o B
o o

)

®20 mm ®36 mm
Device

o

—
(2)
S

60 - mRed mGreen mUV

o
-]

Dead Cell Ratio [%]
SRR
83 8 8

=

0

0 25 5 10
Conc. of Chlorin e6 [pg/mi]

(R EER] OF A ZAORNMERIZ, a4 VA XL DA F 74 AT Z T, #HE
= NDOT A ZAREIGIR T — VIEEICHT DA I K > TE L (Figure 1. (b)), FOtiR
FEITRR 815 uWiem? (FRfa) Tho7-, QJEHEH A 24 REEIEL Y A E W72 23 AMBIZ kT L, 24 I
M LED YA MRE L= & 2 A, HRAIBEEE (0-20 pg/ml) & LED FEEEIE (40-400 pW/em?), FRST
WREERES D Z LT RPTICHIfREMEE 2 TER T & 5 2 L3RSz (Figure 1. (¢)), QN
NET NS T RZTNA ZAZMHE L CmPDT Z#Ei L7z & 2 A REAIE S oo TofE & bl LT
S A X DGR AN S 4 DA 23R/ S iz,

[ k] [1]8S. Bisland, et al., Photochem. Photobiol., 2004, 80, 22-30. [2] K. Yamagishi, et al., Nat. Biomed.
Eng., 2019, 3, (1), 27-36. [3] M. Saito, et al., Adv. Funct. Mater., 2021, 31, (32), 2102444
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EYMEEICREMNTFTRRGERESREBOMSE &L ERBEMSEDER
Ultra-Thin Transparent Electrodes Conformable to Leaf Surface for
Measurement of Plant Biopotential Response
RIXEHEI! OMDIE 48 EHF RE, B B, ik 5!
Sch. Life Sci. and Tech.!, Tokyo tech, °Yusuke Hori!, Tatsuhiro Horii', Shinji Masuda’, Toshinori Fujie!
E-mail: t_fujie@bio.titech.ac.jp

(#E] WL DERE ORI L OREE R L, EXERS L LTaERICERERETH &
THABIEMZZ(LIE TN, ZOEFEANRENE L THETIUR, Y ORERIREE 2 85 r 277
fiCcEDEEZOLND, —MIT, SHEMI MdE H BRI S L BB O A AR FH NI H
ENTE D, REMIEROHEM~ORBEMLTHSITRFT SN T IR olz, HxlFINETIC
polystyrene-block-polybutadiene-block-polystyrene triblock copolymer (SBS) ##ifE (7 / v — ) LICHE
J1—RrF ) Fa—7 (SWCNT) 76732 5 g 2 An Uiz 8E ) 7 o — R 2ERL L B2 ek okt
L CHEAEAIZ: LT T & 2o, BIEHICEND T/ > — NEMZBF L C& 7MW, AR T,
SWCNT-SBS 7/ o — MEMRZ B IZAEAT U, JEA R A U 5 kAR RSN (LIB) % & 1R
E Lz, £, BEREHA (3-3, 4-dichlorophenyl)-1,1-dimethylurea [_JLED light ON I LED light OFF

(DCMU)) il B S 7= 3500 LIB & MIE L, SAEIZAT 205 & Ry
B atim L7, % N \ "
(8 H3%] 77 £7 2 METHER L SBS 7/ &— b LIZ SWONT 8 PSS
KA (0.2 wi%) ZHAi L. SWCNT-SBS 7/ v — M &EH L7z, F § = -
J i— NEM (20 mmx25 mm) (5 R IR A B A T E S EBARETEERER 3 Y o 2 7} 3

Time / hour

cm THEAS L, LED BJERF O LIB ZadfifllE L7z, Z Ol (OFEXMY Figure 1. Comparison of LIB on
JVERE (20 mmx25 mm) & B ILEERR (A% 10 mm) b [A] UAZE i Day 1 and Day 14 of nanosheet
HL\%HE%kﬁzﬁﬁﬁ®%®%%%%&btoikJMMUm%e@m®mmmm'
% (400 uM) (2R M ADFER 27 FIRIET 5 2 & TR L7z, A CHEC
CHLERR% O LIB 2% L, LED SUATE % OIREA L% ik Uiz,
(#ER & #£5) SWCNT-SBS 7+ / > — b (J5F: 485 nm, HE&:9.6mg) I%
ZOVERE (852mg) CILEMR (439mg) & HE_TH1/SOLLFOEETH- " .
Teo 7/ ¥— MEMAE AW THIE L7z LIB 1%, 7 /VEMZ O 7ZBERAT Figure 2. Image of Pothos leaf
JER L FIREIC, AUTIERIC K S <D L. £ 12 S BIBIN L7, UTRG after attaching clectrode. ()
DB 1, ) S RIS AR C OB CB 2 14 Iosivenes of disk dstrod, ()
HRICBW T HRBEOEE 2R Lz (Fig. 1), Z OFE, [MEM TIZALfTA> electrode. Area in the dashed line
52 EREBICENKICEE U, ANTEBATE O ENBIER XN (Fig. 2 indicates a nanosheet electrode.
@) —J7. FVEBST ) v— MR M LTI, 2 R s —
LT HE@IZHD HhiioT (Fig2(b). KIC, DCMU 24 L7 G [ —
D LB 2z IELZL 25, W% 1, 2 A H TITRLBOZEL i L 230 ¢

CHE LIB DRI LT, & 5lo. A0 H 8 & & b = o |

WEIZHIN L, 14 % ICIZALBEEE & [AARIC 30-40 mV ORIEZ R LA 0 |

(Fig.3). Z O & 0 DCMU ALEE 2 CIIOERMAE SRS b OO, 5 W W

FHED TR E D Z s S, UbEXk, /73— & WT Day1 Day2 Dayld

fiRid, LIB % 14 A LA EsfeiICJIERTRETH 0 | A3 521 T 5 A B2 Figure 3. Comparison of LIB

AR L ADTHINC A T B L W S NS, between wild-type (WD) and
(&% 3] amplitudes were compared at each

[1] M. Dolfi et al., Sens. Bio-Sens. Res., 32, 100420 (2021). lapsed date from the DCMU

[2]1 K. Ando et al., IEEJ Trans. Sens. Micromachines, 131, 9 (2011). treatment. Error bars denote SD.

[3117. Li et al., Front. Plant Sci., 10 (2019). Student’s t-test was used to

[4] T. Horii et al., NPG Asia Mater., (2024). doi: 10.1038/s41427-024-00553-9 ~ compare two groups. *p <0.05. ns,

no significant difference.
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IZSRMREVTNARESF/ - T3ROSV R
Elasto-spin devices and Nano Elastronics
HALK SRIS!, BRKXEERF 2 BRK CSRN°, BRX OTRI*
OFFE Kifh 1234
SRIS, Tohoku Univ. |, SANKEN, Osaka Univ. 2, CSRN, Osaka Univ.3, OTRI, OSAKA Univ.*
°Daichi Chiba'?34
E-mail: dchiba@tohoku.ac.jp

AV Y br =7 ATEEERR T O RER MRS A T Y (MRAM) . £ & 32 % 5 F R L
LCHEL T, FiciiBig st snils, mERBRZET 0D, Fxld, &
DEIVIZHSND NFREGEICE V7T 570, AV bu=7 AR AN BT
Hz L THFELZED TV D,

AE Y b u =7 AR ITHMERCARRIAR DT BIEOREBRIEIC L > TR SN TWD, 21
WA D T 7 g (0T EA D & BEIER DT T-RIFR 2 AL L, Bk D J7 2321k,
T2, LY, FFOBEBXEHUIRE LT D, ZORIZLY ., OFTHAOTH[12]08
BlEEREICE Y U 7 ARELE 572, MRAM 72 8 T TR SN TV AR b v RV H#E
MTNH% 7 L& 7 VHEM EICER LT2FR FI2B W TR kD 7 4 W ARIOEBEOT 7 —
WZEE, 500 56 DREZ 92 & A FEREL TV (3],

MTJ (HREERE N AIRETH D . HEEIH/NSNZ b, k01T EZEESHZ D
e O TS, £, INHDTZ T A NAE T AL ZAZERBIETHZ Lk, ARE
mOOTHD~Y v B 70, MERTHFAX MNeFERFE=4 1 7 USRI R T 5 A
~— bR REZRABETTHY | FEREITH 22T G2 G TE 2R b MO TV 5,

E2TOERICHLHDOIE, JRFRIBAELTHZ LIk bbb I LWEETH D, T
JEREIZ > TERENTZFE L, %=X OOTRIZE > THHEREZ D IZ< VW T AT 4
v 7 IEEN D D, WEMEIOHER R Filzlem T A MG ABERL, 7/ - =T A r=S R
LW B EGVIRETLNEBZTND

Kﬁ%m\ﬂﬁ%%ﬁﬁ%mnmmm%]mTamHUmmmmwyAsumMnmmm
JPMITR233A] + LA DB 4 7 1 77 F & [IPMIPF2115], SCERRIEAE IR X-nics H-EAH]
APLRIERESE [JPI011438] - T/ 77 /) m o —7"F v N7 4 — LEEMEEMT 7 v R 7+
—A(KRKFEF 77 v o= HHHILR) « ~7 U 7 Ak U —F A 7 T RHIECRRK T
~ 7 VTN Y b —F A 7 T EREALHIL), Spintronics Research Network of Japan, =&t
B ESUET OB 2% T TThbivE Lz,

[1] S. Ota, A. Ando, and D. Chiba, Nature Electronics 1, 124 (2018). [2] H. Matsumoto, S. Ota, A. Ando,
and D. Chiba, Appl. Phys. Lett. 114, 132401 (2019). [3] K. Saito, A. Imai, S. Ota, T. Koyama, A. Ando, and
D. Chiba, Appl. Phys. Lett. 120, 072407 (2022).
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17a-A21-1 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

AR vs BEBLEDR BEREAEEM/AMLODAT7IL  (ZLHIC

Organic vs. Inorganic Compound Materials, Thin-film Solar Cell Battle Royale,
Introductory Talk

INEDO, 2 Z&MK {—K X', OFR F* (RRMHFEAN)
1 NEDO, 2 Sanjo City Univ., Shigeru Niki, “Mitsuru Imaizumi

E-mail: imaizumi.mitsuru@sanjo-u.ac.jp

2022 KB E PV IFRER~ AN A= THLREEANE ITW 22, PV IIT7 7V M
RA~EZEALTZ, PV X 2050 A —R> 22—k 7/L (CN) O FEBUZ M THUL & E A2 RO BHILTH
%, IEA 12158, 2050 45 CN FEHUTIT 19TW O PV BNILEL FIGBSNERE A% ESRHE ANNEN
RKOLN TS, FifgialfE7e PV O ASLKICIE, OPV B OEEEL - BlfER, QY774
F = — 2 DEREL LPEEEHES DO, OPV ORBRIEKR, @7 VX v YT ¢ Ol & EHFR
f* b, Ot R AR B, LW SESERBEE RIS DM EN D D, AEHTITET KA

WZENAD PV OELR B ) %L“C CN ([Z[A) T A B g a1 5,

ZLC EROEE MR T D012, BEFO KIGEM TIXEB A FRETho7- M mah=R, k&
TR TV, BB, %%k&i%ﬁf*@%ﬂﬁ%ﬁﬁé@m BN R At/ QURACILIAYN Eﬁﬁﬁ@ﬁﬁ%ﬁﬁ)
WL,

BEE S Lo TODHEIRT Y RO KGN ZIVETIERE S Varhbhivar S AR,
I — V E L AR RSN DB R O K5 E <, %\lz’%ﬁnﬁﬁ%é’ﬁﬂﬁb“(b%mm77\ﬁ/ﬂ\ 1R
RENDEHEIERE | Bk~ foeﬁﬂ%ﬁﬁb\tﬂﬂ MO BFFEBAFE 3D I TE 7=, HFZEBRFE IR DS
NDHEFVEDENCHTE T DR RSN RARDT2012, ZETHEBINCE RSN DI EN L,
[gEs] _;%aﬁéﬂé%é/%_Mde 7Rtz Lizhido T, i:llmt%'véaa@:tqfwa“f;zo%’%z%ﬂ:ai
W 2 [FIIRED D W LR T A KO RS DT E A L2 o Te LWV DO NBLR EE 2 5.

TIT, M AREROMREE D, TA IV EHORNCLT, BOOEFEMFOK SEE 2 LiFZ
TIEY B Z ERLGY, BEREVOE “F I m A Ol CEER S, SV E7=
Tfﬁtt$i®%%?m1ﬁﬂ“6®b§$//T ANNY=! E’J“CZ%Z) if;’cﬂ%h@ﬁ%%%ﬁﬂ%%i:%kof
%, B MO T CREETeRIT TODESy W () BFEL, SREZBHOICLTEDEZD
MIRICE THERE RN —21FD 8D, ZIK//T /riA@fw ODORER, TLTKFEZRAMTH

5. FERAZ, UIREREE LA R G O ZE B R -OBL AL « pEEE, Z LTI OEREICE 35858
f;@ N i/\ BOFAERET R —OE K - FERIZENHZEZHIFLIZ.

_—
: b . 4
(a) InGaP/GaAs/InGaAs triple-junction solar cells ' (b) Perovskite solar cells

Fig. 1. Examples of lightweight, thin and flexible solar cell array sheets: (a) the space solar sheet by
SHARP with InGaP/GaAs/InGaAs inverted metamorphic (IMM) triple-junction solar cells (super high
efficiency but relatively costly), and (b) the long-life solar sheet by Saule Technologies with perovskite
solar cells (low cost but relatively low performance).
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17a-A21-3 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

-V e SWEREXEE NS — DS
Development of I1I-V Compound Thin-film Solar Cell Sheet
Uy—T7SESJ  OFAEM. UOFE. +ERT. EERRA
Sharp SESJ, °Tatsuya Takamoto, Hiroshi Yamaguchi, Hiroyuki Juso and Hidetoshi Washio

E-mail: takamoto.tatsuya@sharp.co.jp

A IT-VALA W EE KB B, InGaP  » 7 (Eg=1. 88eV) . GaAs I /L (1.43eV) I L 1" InGaAs
(1. 0eV) AR b 5D 3 DO KBGEHIE DG D 3 #2EM T, MOCVD JEIZ & - T GaAs FE Blc=v' %
X v VE L7 B SRR O KGEME 2 7 ¢ L A EIZEIRE U CTERLE LD, IER D Ge (0. 67eV)
HRZER FL LT D 3EE/ VI ANIIER, R NLABONRY RX Yy v T OiEIC X D E#NHE
D1 (30%—32%) . ATV R Z L2k A A EBEOEH (85mg/cm2—12mg/cm2) % EHL L
TWb, 74V A EOKBEMEIHES TTZLIFL TR LT, BET LI T ILREY
2—/b (= F) WAfeL b, L Lo, EEIIMERAERRE CER I DMAMICIE Ty
— MEE MERES) OVWTIEENMREIND L, FEFIECHERO SNGFIZL - TERS
N7 VXTI EDD, FHATHE~OE#HZ B & LI EREREER S — NI\ T
I, BRI E FIEOE U T, UTFORBRAEGED IR LN, — N EMERT 2 EHRAE
EHEREE, MBI OEIR, B EOKiEbEITo TE T,

[ B — h ~DERIAH ]
ERE, ARG, UV BRE, JRIRER SR RS T 5 b o #iil
<A F A 100°CLL F 2267 T A 100°C LA ETOETRIOIEEY A 7 Wk BitE
EIREEZEE (77 MU A ETe) TE{ER N &

FRlZ, IRV A 7 VR TIX, BB OHBECESR A Bt OB OF M 1T Tl Bk
M CAFIET DGR E i m e L2 Ty 7R U AR—/L 7 EOMENRR N E EL A4 A—f
THINS Fov 7 3T, o, EEOT7 74 MlBRZE U TRT LAREENE (— D
W Bl ST FEIRIC B W TIREARE — 2N E U GA . BENE W E 2 AITERAE T4 5 1)
ANOFFNIRENTZ, ZO X HITHRE T X7y — MIEE b REEDNR S SS9,
Bx DRk LWRBRIZ X DMREEDS LB L Shviz, fERE LT, WS R THID THE~D K
ERRICARID L, D%, A COBKZER L7/ VA 5REE [SLIM oFERE LT, FEE
D—UDIH Z LN TE T,

ITI-V AL AWK EMIL, SR, BE, 7 L% 7L, @A O R 269 5 K, #
ECBWTEM R RS RN A LT L U, FERRIRERIE, T AHIEZTT 5 m 72 A B E 23
Flipbl-, BIRTIIEa A MDRREE > TS, L LR L, SR CEEEMENER
SN DFHMHBIZITMEN R TG NFET D, SHBROFHTHZICBN X, BE&kimz T, =2~
R MM L CREFBICEBTE DL )R T LR T ARFA~DOIEL K& W (2770, A
NI N TH- THIEMEBEERICL Y HIBREO T L TN EERERT DL LIIARETH D
oD, BEADT LR TAMRITMATITRY), FERIT, RSO O R EAEEIC K
LKA MEEFEB L, FHIZRO T, sEERITERCEE OB AR ~OmEH %2 #FF L
7=,
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HIRAEM—ERDTANA FREE DR
Development on glass integrated perovskite solar cells
NIV IR—LT 1 2T AR OmHFH X!

Panasonic Holdings Corporation ! Taisuke Matsui!

E-mail: matsui.taisuke@jp.panasonic.com

IR ANATONTWD, B CEzhEe a7 20 A b REE I, BAEL <
LN TWDREERT Y a v KgE e ki LT, K2 A b - & - 7 L 7 bR AlRg /e
EORFHIC LY, T ETKEGEMORENNETH > I HFT~DOERBHIfF I TS,
TR LoV O/ NERE RV OB EIT, Fidh T U 2 U KB &R RE LU E TR
LTEY, FREPETSES>OH5,

WAL 2014 FE LV N T 2B A b RBEMOBTE & BIAE L, S0 E OB 7 0 &
ADTHRIZEY, RFEFETH@IEEEOZ LI L TEY | EHV A XD 804cm? 12 T it
Rl LV DS EDR (18.1%) 2 HT 50T 204 S KMEMEER L T\5, F7-.
VHTINETH ST MBEOA 7 Yz y M Z AT, MR 2/ T @M 5 7
A bz 7 2 b4 NRGEMEERE, B8 - KT 52N TE, KBS LT
OIFHENER E L B & L COMPEZMRT D222 BRLTWET, ZHICX D, K- BEE
2V 72 A b RBBEROFSAEZ TR LoD, BRROFIEHL S T 57— 9 LN
DT YA DA MERLY A AOHMEEZ R D, @M —FEREm & L TR b b HERED
RN FTREE 20 £9, ZOHENEZIEHT 5 2 & T, ERRENRE & ST\ e 2B 5
HI7APHHAENLHLPLMEFTICEREELZET L2 <, £H - <L LICHMMLAERS
RETDHZLEEARLONET,

(a)Picture of 30cm X 30cm semi- transparent perovskite PV module
(b)Structure of glass integrated perovskite solar cell (CG)

(c)Demonstration of balcony integrated perovskite PV at Fujisawa SST
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Si 2 T LKBEROEMHRIL EEHIGH
Development of High-efficiency Si Tandem Solar Cells for Solar-powered Vehicles

EHIX CWOESR, PREAR, BERE NBER, KTeEH

Toyota Tech. Inst. , °Masafumi Yamaguchi, Kyotaro Nakamura, Ryo Ozaki, Nobuaki Kojima, Yoshio Ohshita
E-mail: masafumi@toyota-ti.ac.jp

1. [FL&HIC
FAEMREZRINLFXF—IZLD 7Y —r ¥ —
FEEDRIRR D T2 DITIE, =itk REARE FE L 0D B % 23 24
HChDH, KLITRT LI, Si KEEhohR
I%. Shockley-Queisser limit 32~33%IZ¥T-DOV VT
B, 29. 4% BBBRTH D, KEHARZ hLroF
R & 13 o Te 2 A KB 1] S % 7 A
KB 2INFEE T, K1IRT o, 2, 38
AT, K1IRLIEL DT, 37.5%., 43.5%D
BRIERN R CE D, ¥ T AKIGEME S FEL
m%#é%ﬁ%%kﬁﬁ%%%#éo
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Fig. 1. Chronological efficiency improvements of Si PERC
and passivated solar cells, and various tandem solar cells
under 1-sun condition.

2. AT LRBEMDESHRILICEAT HER
A ER 3 ¢t %h = (ERE : External Radiative
Efficiency) & ~_X—RIZ LT FIEIC 311 LD,
B T KB R O S A O RTRE R A AT L7z,
II1-V 3 A A DORE39. 5%, 111-V/Si 3#EAF
YO 724 NSi2BEX VT LAKGEMT,
IR, K& 39.5%. 36.1%. 33.9%DHIK[4]7
S BRE=20% 23RS & L2356, 2. 3EEA LT,
x| 37.6%, 43. 4% NFEMFRRIETHY | X1
DIMEIZ X DRANRIC KT 5, sE T, fix
DB T INRKEMIZ BT 2 TR R b AT 5,

3. EHRAKEGEDRHKICAITI-SI 20T LA
K 5 7 . oD BGRE 7

H A KBS EM O @R kX, KEGEMFASHK A &)

H (Solar-EV) OEATHEREMLE . COHEH &EHITE.

FEIA MEBICEZI TH 5, @R L R,

Bax MEBRBETHY, Si¥ T A KEEIZE
DHLATND, ¥y —7 & DIFEIZEZ D, ik
T75em® D 4 ¥ InGaP/GaAs/Si 3 A & v F L K
EWHE YV 2 —/VC, 33. T% D il m2h =R & 2/ L
TW5, b3 ¥ HEiHEOFEIFREBRFECSono Motors
SionDEFTRERT — & & 1 L2, 4RO FE HE
%Mt (4kwl/m*/day) T CRE L= ETHEEOE Y
= — VBRI & X 2 125777, SiKBEmE Y =
—/L?20. 5km/daylixt LC, 3EAX T AEY 2
—/L1327. 9km/day & EATHERHE R A HIRFTX 5, 1
H OEITIEEEO k mDEBLD 7= DI, 2h535%LA
OSBRI NRLETH B,

35
- = =Calc.

Toyota Prius 2019 > |
Sono Motor Sion e
II1-V/Si 3] module (this study) &
Perovskite/Si 27 module >

GaAs module Ing

Si module -

CdTe module y |
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Pervskite module -
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>PO2O00e¢eTelm
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Fig. 2. Changes in daily driving distance of solar-powered
vehicles installed with various candidate modules as a
function of module efficiency in comparison with actual
data of Toyota demonstration car and Sono Motors Sion.

4. EH

Si XL FABMT, 28L. SEALT. %
37.6%. 43.43% 1 HIFFTE D, MAHIDOTZDIZ
(3, FEERA A O, IRPURK, JEHRR ORI
BUETH D, 30k m/day OEBOZDHIZIE, %)
2 35% L EOEMENNETH 5,

B
NEDO YR — MIE#HH L £,

S 3k

[1] M. Yamaguchi et al., J. Appl Phys. 129, 240901 (2021).

[2] M. Yamaguchi et al., J. Phys. D: Appl. Phys. 51, 133002
(2018).

[3] M. Yamaguchi et al. Prog. Photovolt. 26, 543 (2018).

[4] M.A. Green et al., Prog. Photovolt. 30, 3 (2022)..

[5] M. Yamaguchi et al. Prog. Photovolt. 29, 684 (2021).
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Spalling T8I &k 5%ERE4 VT LAKBGEMDO/ER & 5
Characterization of Thin Film Tandem Solar Cells via Spalling Process

BEEX ! ERMZ RXEmB: OFT EHth! KT 1?2
T RF? SEB ERL L0 & BEA EL
Univ. of Electro-Commun. !, AIST 2, RCAST, Univ. of Tokyo 3, °Naoya Miyashita?, Yasushi Shoji?,
Takeyoshi Sugaya?, Tomah Sogabe?, Koichi Yamaguchi, Yoshitaka Okada®
E-mail: n.miyashita@uec.ac.jp

(IXCHIZ] Si<° Ge, GaAs ¢ & LA BRI W RE 72 Wl 7 /A A/ERLF{E & LT Spalling 74
PIRE SN TWBHRA, Spalling TITN-EARKE ISR L 7S HINE OERIZ XV W7
BERAtED 5 Z LT, N ORBEAZSHET D Z LN TE 5, BIET S AERITINZ . Mk
ABAMMATLZ LI L2 IEa X FOMRRER & LThEiIfF SN D, ABFFETIE, Spalling 4 v
T RIS O S BERIT O R 24TV W 2 BEA KIS 2 RAE, B L 72,

(EERARLKER . BERIANIE T, I /IHME & LT Ni A2 L7z, 30EHZIX GaAs(001) FAk
B LN MO-CVD i THRYR L 7= Wil 24 O InGaP/GaAs 2 #24 KI5 E ki 4 v 7=, Spalling @
ESHEIZ LY, T3 A J@ FERO ML OV SNLE THlEZ1T o7z (K1), B DR EIC
TR OREE DB STz, B OWIEEZ W7 A 2{elizBnWTiE, =y F A My TfEx
AW BIRE y F o 720 RO A RE LT-0L, BEERLRT A 27 a k' R
LB A LA ER LT,

SIMEEREIZ LY, Y 72T 5L EQE A7 ML AR Lz, X 2 12136 ER
JEREEZ RS, VY —T— 3 2 L—&Z Z Wiz Lsun RS FIzk T, B 20.0%, ik
7t 9.44 mA/cm?, PRLEIT 2.41 V, BEFRIK T 0.880 & 15%7- (4BH LRI E ), Spalling % & ¢e
—HOEEE LT r X% EAREOLIEAE LI E LT ER<ATRAD Z L& fEd LTz,

==
Fi,
e
Fi,

[BHEF)] ABFZED 581X, ENTAFTEB R IE AN = L — « FEEHNTR A REME (NEDO). B
JOVISPS B (20K05682) DXIBIZ LV EfE SN2 DTH Y . BIRSIIEGHE L F9,

(&3] [1] S.W. Bedell et al., J. Phys. D: Appl. Phys. 46, 152002 (2013). [2] K.L. Schulte et al., Joule
7, 1529 (2023).
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Fig.1 Schematics of spalling device process. Fig.2 1-V characteristics of spalling

thin-film InGaP/GaAs 2J SC.
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ENE - EHAMEROTRANA F3IEEXBEBRED 1 —IL
EEEE vs. ERES
Highly efficient and durable all-perovskite triple-junction solar modules:
voltage matching vs. current matching
EHPHR OME RE, s #—, mEk EE
Toyota Central R&D Labs., Inc. “Yasuhiko Takeda, Ken-ichi Yamanaka, Naohiko Kato

E-mail: takeda@mosk.tytlabs.co.jp

AHE-TERE ATV R a7 2 A~ (PVK) KIGEMOZHAbIL, BN FEO S ClIfkamsar
KIS EME DA DEDPMEN TH D, LU, Y 2— /LD KRB EAV, IR PEMEDBLS D
X, BV VB EE D O PVK 25T a— A RZEEND, L1L, UL TS PVK &
IV RRIZTARN U R vy 7y 7BV OMPAMEIZ 453 TIER W, 22T, mWEEES R OELEITINZ
T, by 7BV OB O EE /NI A D8R0, 3 AT 2— VO Z T, IBEL[1],

NURF vy 7 OIS PVK BBV ORBE#RT —4# % FEITLU T, B & — BT ([v]) Fritx

J1= j = dvexp| g (v+r, jIV1) /(b T ) | = o exp[ g (v+7 V1) /(2K To) ]
WXV ELE, 2hERWT, M REND 3 TEDOEY 2— /L OLE BN REZE L, PVK O/ FE ¥
V7 RVIE, BIHEERES A R b L, by RO N EREE () . SRH FAESBREEOL
BIERE (o) . K ONEFHRBL () BB IO EAL LI L E DBV 2 — VEh R A~D FEE P~

2T BV 2—VE AW TEWEBRNREGHI-0121T, BIEESOEFFEIZIY 1, Brigd 7 =4k
ThHNURX Yy 7 215-2.2 eV Oy 7 AOHEHBUATHS, LINLBURTIX, ZOMBIZ 1Yy
FE Br Uy FHIZ T BEL O W e | m@OTIAMEIZE D720 2], — 77, SPVM, SSCM D414, /v
MEOFHEINZ LV N RE Y7 2.3 eV D CsPbBr; 2 WD ZENTEAD T, M4t RIEN LRSS,

WENZHNSNDN T BAD jon, ja, rs DENVEIEITEALL, by 7BV DOZHIAE B HIHIE D
80% (FAXHME) L7poTn b EDE Y 2— VR AE RO TFER NI 2 ThD, WMIHIOHE ORILFRETH
Do BACITEY jon PME FF5E, SSCM DA IIIRV-RRAEY 2— VO BFHBEL /NSO TEY
2= VRN E LR T T2DIZ% L, SPVM OZRIK TILby 7V 2 — VIR DIR T 5 O A
HILD, W jo PR T HEENLOR KN IIEIEN/NSIRDHD T, SPVM ~D BRI K&\, —F
rs MEERLTH, SPVM, SSCM DELLEEY 22— LEIROIK FII/hEW, #E- T, by 704 rE
N Lo TEY 2a— L ORERR AN T IUE, BV 22— VRO T AR/ NRIZHZ i,

[1]Y. Takeda, et al., Prog. Photovolt.: Res. Appl., doi: 10.1002/pip.3786 (2024).
[2] L. P. Duan, et al., Nat. Rev. Mater. 8, 261 (2023).

Top module

(top cells) Transparent

electrode

ESscM

30

Middle-bottom

Conversion efficiency (%)

module ~ 2
(middle/bottom  (a) Series/parallel-connecting (b) Series/series-connecting
cells) voltage-matched (SPVM) current-matched (SSCM) 20 —=
Initial j,  J» 7

1 Fig. 2 Initial conversion efficiencies

== Fig. 1 All-PVK triple- of SPVM and SSCM modules and
junction solar modules using  efficiencies when the top cells
monolithically series- degraded owing to j;, decrease, j,

(¢) Two-terminal (2T) interconnected structures. increase, and 7, increase, respectively.
© 2024%F ISAMEFS 100000001-110 T16



17p-A21-3 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

REDHSFIFTEILLTEIROTRAHA FXBHER
Molecular engineering of interfaces to advance perovskite solar cells
WEEEX =R 5N
Toin University of Yokohama, Tsutomu Miyasaka

E-mail: miyasaka@toin.ac.jp

N7 2T A R RS AR B O S B BN Ko TEML R LINAME S SE L, v

TN DRERIT 26%, F 2T L TIE 34%LL EICEL TWA[L], BRAEDHIZERTIL, K Sy v
NR—= g3 OO RE T, MAEDH L0 D OMKSEE, KEEEY 22—/ ZHAX v
T LBV ORYERIEFIL L TWD, FE BTN R, Rt EOWRIC X - TOLEAHIERIC
BIFHEEN I ZHERRFIEN L UIZEH D Z EICFEN L TE2[2,3], EomiBmAMELZ &
DL OICHBERES e T A h A F (120CE TRE) b EEHMKO~a 7T 2Ah A4 k
(CsPbX3 (X=1,Br) . 400°CLL L& THE) T2 TEFILICED LA TE 72, MAMEDOHERIC
XTI UERAF LI EDA F L DIBOMEZ RS D BN BT 5, NEEHER T, 1EFL
AL (HTM) (CEfbE R— 80 R 2R L LA WES T EHEER L, B #sEIci Sno,
DR HZ T ENT 7 AD SNOX IR Z#E L CWE Lz, ZOHIEIC X > TEEH IR 1.4V 0
515V OB ANER LI, EENEE /R E L TREEOREN LED DO S & T 1.1V
26 1.2V OEELZMERF L2IERIT 34%IZET 53], Znubid, REOMELEIZL MR THD
B BTE. BEL OAEBRILEWN., MRmORRONy =g VTERILDINY . ETlEMmE
Nu T A A ~OFREIITEREERT 5 A AR FIRE L TRERDRZRL TV D,
BHIZE ST HTM BNAREL 25 2 FNVEEN mEREZ EEL L TR D, ZONEDTtIIL,
St B LWEEREOR 2@ BT 52 LIZoRNDLERXD,

EAIZBO L, BN E TORBIELFER &3 2 EERE TIIKEGER S L ToHie b,
BHHOD 10T 731 2A0ERELTHOAHTHDL, a7 A0, MIA v 7V xy MLl EfED
FIR TARICE 2T, T T RAF v 7 7 4 VAT LT TRRWSE T LTERT 2 2 2 T 5,
BT Ld 7R K ERIY, HA O LT FEHERE~ORAICb SN D, ZhiE
0T AHA FRET IR (BB L OETF B — b)) ~ORBICR L CEWifEE =T 720
ThHoH[4], L, KEFEEY 2 — /L OBRIE, AEEINICRKE BB A% L T D, #iH
TIFAEEENOBEIC bl S,

LR J). INa 7 20 b RBEM . HSLHAR, 2024 4.
2. G. M. Kim, T. Miyasaka, et al., Adv. Energy Mat. 2022, 12, 2102856.
3. Z. Guo, T. Miyasaka, et al., Adv. Func. Mat. 2021, 31, 2103614.
4.Y. Miyazawa, T. Miyasaka, et al., iScience 2018, 2, 148.
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HVPE BRURY— R A2 Y VICK BN - VESESXKBEELOEIR FMEEEIT
Low-cost fabrication technology for III-V multijunction solar cells using HVPE and smart stack
EHRH. CEARE

AIST, ©OT. Sugaya, E-mail: t.sugaya@aist.go.jp

[Fim] BifER b RO m VR E L, EHEROI — VIELEY HER S A K E
Thd, HiEE LTEICFHATEDN TR Y . TommMERErE, FEME. A SV THRS
BN TVLLEE-oTRY, LnLAanbfliEax bbigbEmne Bbh, it koolcii=
A NOBEWA R b EERRETHD, maA MOTARERE L, O — VIELAY-EKRD
fEdEE 2 A b, @Ge 25\ T InGaAs Z#HWDHAR At/ Oa X b OffdaRE 1T O 5k =
AR, O3 ERETOEND, Bxlx, OIKoNT, M- VEDKa A MlRiEE LTHIffShT
WHNA BT A4 FEAMHRE S (HVPE) ORFFERTEZ1T> T b, @QIZHOWTIE, B2 X FOR F
LENTHD Si, HDHWE CIGS & — VIEILEWHERZ EICREZE TR A~ — A X v
Bl ZBH% LT\ b, BIfE, NEDO OBENAT 1Y =7 MIBWT, @ HMHFI M O BH%
LHbE, ®WiEa X k200 /W z B LR NMThiL T\ 5, KEHTIE. OL@nzhn
ZHUTHONWT, Fx DN E TOMFRBRSCASEOREL GO, BURO I — VK& O =
A MegdAfrOtERIZOW TR 5,

[AFa] BAEN — VIRIE AW EERORE AR I & U TR A S T0 2 A e 8 S
FIEMOVPE)Z AT, HVPE [ZIIEEEHZ L2722 e BB e D Z LA TE | Elomndnk
RMPARETH D, MA TERV/IILL TOR R E S FJEETH Y . MOVPE £ L L ThllR =2 A F
EREZ T A2 EnTED D, FHAITINE T, GaAs, InGaP TENZIUKEHE 500 pm/h,
220 pum/h Z AL L TR Y FFIZ InGaP (22 Tl © MOVPE @ 20 L4 o EiEpk & 23 Al HE
72> TW%, HVPE O & LTI, AIRMEIOMREREDRNETH 5 Z ENETF DT, Al L
HCl 57 A % 500 CREDKIE TGS ® 5 Z & TENE MR L, AllnGaP JE % A9 2% Z & TAH
W 283% & FEM LTZ D, ZOfEiiX, HVPE THE L7 KBGEM Tl iR O LR T,
MOVPE THiE L72 b O L ZF# a2 W ERDIE LI >odH 5,

Flo A — M A v 7 HAROREITEENESE T R RS EFHL TS 2 & ThH Y  kkx
RO B R A 2 A CHBESEAT 22N TED 3, ThET, AEMEHWTERL
7= InGaP/AlGaAs//Si 3 B4 KF5E#L T 30.8%%, InGaP/GaAs//CIGS 3 #4 K FEM T 29.3% D%
Bsh#R a2 R LT\ 5, CIGS 2748 b Ak /L d Lz 384 T, Z oI R Emiiiks LTk
WEINTWD, FmibTIIREFEEBEATEY, 24 0 FLULEOES B AREE 2> TN D,

B HIF ER OO Z R D LRI AR KGERICE L T ERT L2 TFETH D,
[HEE] ARSI, ENTAFZERRRIE AT = 3L X — - BEREHITR A B R MENEDO) D ZFt ¥
(JPNP20015) DOfERGOLNIZHDTH D, [SBCHK] HREA, IHPER, 89, 333 (2020). 2)F

wth, I A EE, 92, 540 (2023). 3) H. Mizuno et al., Appl. Phys. Lett., 101, 191111 (2012). 4)Makita et al.,
Prog. Photovolt., 28, 16 (2020). 5)Makita et al., Prog. Photovolt., 31, 71 (2023).
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AEBOWRFERALEERFARE YOV TERERE
Development of radiation sensing technology based on solar cell
BHAEFEV S ZEMK? ERW’, KEESHE XS, FHEE .
CRE R/E S, MM HFE, KM BB, SR XL L) HEFE EEX KRS
EX 46 Mg BES B B2 EE BX°, PH EE°
RIKEN RAP !, Sanjo city univ.2, AIST 3, NIT Kisarazu Coll. ¥, Tohoku univ.5, JAXA ¢,
°Yasuki Okuno' 5, Tomohiro Kobayashi', Mitsuru Imaizumi?, Yukiko Kamikawa®, Tamotsu
Okamoto*, Yuji Kurimoto*, Yuki Jimba®, Yasuyuki Ogino®, Ryuta Kasada®, Tetsuya Nakamura®,
E-mail: yasuki.okuno@riken.jp

B 1F, BRI 1A & U T m U MR 0D KRS RE L A P 7o KR it R 5 S A
381 DBA%E 2 1D T & 72[1], KBRS 13 A EN 2 HUNEFICEERRETH 5 Z &b,
AR - BERAL - BB R RR IR N FEHRE L 70 D, SEATHITRICEB VT, U = IR
M A W 7oA EEE TSR RRIEAME < | Bt & FRIC LS E T 5720, 55 DOEREIEICHR
D& > 72, InGaP, CdTe 38 LU CIS KIEMIE, FHHIH D720 D BEHFRIBHFTABRIZ B\ T,
R @ OB AR PE DS A SN TE TR Y, @VERE L~V O BURRREREE IS8T 2 RIFFF O%
EERICIT R D 5 2 EMWIFF SN D, IFETIE, AREE 7Y v BXa 7204 FHOIP)K
P S . mWBE I EZ A LT Z RSN TR Y . B IENE & L Cos b
FeatEDTND 2],

& LC, CIS, InGaP, HOIP KFFEMD Co-60 o ~#aEh & B Lo 4 M 1 1R,
ENENDOFRFITBNTIE, F o v EIC A L EREIMEm S8R Sz, —Ftnth
ORI MFZ T D & CIGS 2 b <, HOIP 2 bIRWFER & e o7, ZHid, CIGS,
InGaP, XU HOIP OIEENRZNZ 2, 1. BELL0.5 um THY . TOLFIPEFR LB L L~
LTWo, ZhiE, Hr~v@nbEF~MfEshdmxrd—aid, BEENE 2D L THEm
THENLTHD EEXBND, 5 ¢

AFERTIE, ZHE T Siv CdTe, InGaP, CIGS ;
B LV HOIP KEGEMAZRNT, T~k &
Mo A A2 e — b PRI 2 SRR R
PEZBA BN L TERERE TS, TN TN ORI
BRUOEE=—XLOFHEOOZTHONWTHET 2,
BEE AT, SO0 AR LR T IR il e

N B A F 2 g L ORAE R - B ) 0 50 s ralt(f(Gy/h)lW 200

FIRIED 3 & L CoRH LT L. KBS BB
[1] Y. Okuno, et al., J. Nucl. Sci. Technol. 56, 851-858

(2019).

[2] Y. Okuno, et al., ACS Appl. Electron. Mater. 4, 3411 (2022).

—

D
T

o1
T

w
T

Induced current (nA)
~

N
T

© 2024%F ISRYMEZ S 100000001-113 T16



17p-A21-6 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

REKGE MO BEHR I L RE

Evaluation method for comparing the radiation resistance of different solar cells
FEHMEMAMRBHEE ' RXPED 2 REXimH e O #sk' Ul EX? BE ERS
JAXAL, ISSP, Univ. Tokyo?, RCAST, Univ. Tokyo? °T. Nakamural, H. Akiyama?, Y. Okada®

E-mail: nakamura.tetsuya@jaxa.jp

ST AN A MR T N AL T A N ROEFEKRGEL, B/EFTHT & LTI NV EL
EWKIGE L B U Tl @ E W RSN S. L, 20X 2t
BEDOEL T 2FHMC OV TIHEBHRENEENTVND LB BND. AKX TIX, REKRY
BHLOM R AYEE, K0 ZAICEHET 2 FEE2IRET 5.

FPMBUREIC B %2 5 2 HREMR 5 SOBEHE AT 5. 1 2 BITBERKXMRZED S OD
KeETdh 5. ZHUTKKEEAGRE & SR ORI BT 5 % v U 7 Ha BT 5 RIS
ZE K. ZHWTEEMITES Z#Em T 5. LoL, K /NS TR EE DS &N
NSV ENS & TLHE D TIERY. T, 2 DHOEERTHLIEMEX v U TEEEFED
MBI ANTG A —=ZIZ Lo T T&E 5. flxiX, EZETIEIERHR-EG L — MIEMES v U 75
FELFBEIN BV, A URREZ RO RN C& 72 & LThH, BEMEX Y U TEEN NI (=
N RE Y v THRREN) FZEBREHE~OREN NS BROBEMNRSH D, EFEEOZ &
EWV O BLETIE, TASRIEIIRIIREIC b RE KFET D 32H). 4 >HIXKEEMMEE T
b5, MEINSOBSRRMEENZ B 2 EITHE LD, B S 37 R b 2 Ffs & vl &
L CHERE S W T B CX 5. feth 5 D HIFE X MRoOEIE (7T=—A%%) Th 5.

ZDEINT, WHBERIEERET 2 ERIIZIGIC D510, TOELERND Z LIXFHT
X720, 22 TSR D 4 SBUAOERIZOWCiEm T 25 A0 —flE LT, N ¥y
> 7, SRH FfEAMRE (A), ZHZhROFMBEREMR 2 FWIZRHIEIC SOV TR 5. K13 & L
TEBNENZEZJECOFMETICE SN D5 E OB GHA) 2971, KASHEYS T 2
MRS AT O SRH FEAESARELD 225303 B3R

HHND. LirL, K.OKNEERSFRD 9o 0%
IALEIE, A Ry o FOPIIEICRE | @
T DL BB, Ay FRY T é
ROMEARFIEDN 72 5 KB TH, ZoX _ﬁ =

x 10° ]
ERVAZET, BHERED T =
— MR- TED LD BREREZ o7 1ot
DINERE RN R E B Z B X 5.

10 12 1.4 16 18 20
Eg [eV]
, L Fig. 1 Correlation between bandgap, SRH recombination

[1] TRk, EtEmsC (2020). coefficient (A), and conversion efficiency.

© 2024%F ISAMERER 100000001-114 6



17p-A21-7 H85MI MRS AKELIHRS HRTHE (2024 KR AV LEN2RIFEA YAV

FIRAEEth =B XA KR, ?
Enemy or ally? Sphalerite, Chalcopyrite and Perovskite thinfilm PV
BXEHPXP, ORK L&
PXP Corporation, °Hiroki Sugimoto
E-mail: Hiroki.Sugimoto@pxpco.jp

KBGO 7o 72 AIREME A4 3RO T, BEECHT 2 Z & T& |, v W E R IGEr AN H &
HD TN D, FHOEEEBRSEN 20%% LES 7 Lo TN ROEEKBERLTH LA T 7 LT
A MEED GaAs RAGEM, B/La/3A T A MEED CIS RRBEEM, v 7 20 A Mo
FAPI A KBFEMO Z 0 OTEEAI I ST D, RBEOAT 7 L T4 P RBEIL, T
BB Kby AL v, BHRERIT 40%0r < NIFERES N TRV | FHZEMIZHB T 5 FEKRY;
B Lo TWD, ZHOINa A T4 FREEIE, ZH2ED 20% 2% T LRI BETH
LM, KA N THLENOH EROT 7 r—y a3 AZEREISNTWS, £io, @GR
MiHE 2 5720, St FHA~OIGABHRFINTWD, =507 20 A b RKBEIT,
NN 25%% LAY BOK a2 XA "R FRAEN D FND, 4%, kxRt EHO 7T 7Y Fr—v
g VOIEEAIIHF SN TS, LLeRns, A7 7 74 PRBEMITEW 2 A M, Az
A T4 NREGEMITEARNE G, ~a 7 24 N RBEMIT AR+ e it A & &EE(ko
MREZ 2 TRV . AR KT < OFBENE SN TV D, ARETIX, HBCRREh =
SR DFRAEG I L . SEDBEBICOWTHERT Do

Flexible Brothers

Now| Sphalerite (GaAs)
2025~ | (Eldest brother) Chaleopyrite (CIS)-------- 1
2030~ Galli./Galli./Chalco.| (Second brother) i— -------- Perovskite (FAPI)
2035~ Tandem Pero./Pero./Chalco.| (Youngest brother)
P P Tandem
& | AN DS DS | B
Ultra light O O O O O
Structure Flexible O O O O O
Non-fragile O O O O O
Semi-transparent O
Cost Low cost A? O O O
Super high Eff O O A ©) A (—0?)
Performance [High Eff @ dim light O A = A ©
Small temp. coef. O O A O ©)
Light O O O O O
Thermal circle O O O O O
Fundamental —
Durability H.umldlty & Thermal O A (CapO) A (CapO) X (Super CapO) | X (Super CapO)
Light & Thermal O O ©)
Reverse bias O O O
Vibration O O O
. High temp. O O O
g%i;g:ﬁw Thermal shock O O O
Super UV O O O
Radiation A (—0O?) O O

Fig. 1.  Comparison of characteristics among Sphalerite, Chalcopyrite and Perovskite thinfilm PV.
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BRILEMERERGEELLRATR A FXBEBROF/F. FFF
Strengths and Weaknesses of Inorganic Compound and Perovskite Solar Cells
MEfERX CHRE 252
Ritsumeikan Univ., “Takayuki Negami

E-mail: tnt24345@fc.ritsumei.ac.jp

N7 A A hREMIS KX OVE SRR B O R R DR R O —o1%, ARIEZ A ATEE T
DENETHDLZ ENETOND, ZOZLDLIIET 4 VA~OERNRATRETH Y | BE - 7
LR U TVRGEMEZRIETE D LW O BERR (GBF) Y BT TnD, LnLaenb,
IR E VD Z b, BFRIEICEH T 2 @mIRRE CONM, HoHE Won BEBMEI N
%, KB T Y = — L ORIAGEERBR IEC61215 DT A k¥ — 27 =2 A TIE[1]. #51Z 85°C/85%RH
TOE B (Damp Heat test) COMAMEN L <iEim STV 52, o, [RBRz 245
R LAEME SN TWD[2,3], AL EIC, IEC61215 DT A MIIEARWAS, L, miEfRFF LT
HEOLRS T 5B COBEREIZ 2> TETWAH[4], —FH., EEAWHERED Cu(In,Ga)Ser
(CIGS)K[5 AL, iR TOYEM S (heat-light soaking)(Z & 2 Ff B STV A[5], HE &
DZWEIRHIA X CIGS KFEMABELETHEZATHD, 21E L, ZONEH(ight soaking)
N DH 7 A N CifE & 72> T, DH 7 A MIRRIREETIT 9 728, CIGS KW ith % & RERIHTIR
RECIREF L7 IV IEZAT O ERRMET T2, D%, R T 2 Z & THRIIMEIET D
25, 1000 FffE] > DH 7 A F Tid, #BRATE TEIEE T, NATERVEW) TR I -7, L
MUIRR S, REFMFRRIE L 132 52 WEANRE T, o X9 RE BN S, £
U705 DH 7 A b &1T 9 ERRITK T L7\ [6], & 2T, YIRS & FERZRRRE & 72 2 BITE
ALZ236 DH 7 A b &24T 9 BRIEN BRI, Bitg & UL TUKRINT[1], _ue T A4 MR
BHIZB W T HENERE & (TR 2 2 RIFMOmBLRARBR LY & BRAEHET 50K L0
RS C O IR IREE R C ORI AR E STV 5 [7], CIGS KB OB A& 5512 LT,
FERELICAN L7 BRIE 2 BT 2 2 ENAH%RO BN D, T OMIT Si KEGEC/LEMEEIR
MO EM EOB MO THENT D TETH D, <17 AU A hKEEROFEMRIZY
eV, ZTNHEENSDOHGN L MELTENT Z L 2L,

HRE  ABFIEDO—EBIX NEDO Zitif7ED —BR & L TCEBINZ b DO TH 0 | BIRENIIEHT 5,
[1]IEC 61215 Ed.2.0:2021 “Terrestrial photovoltaic (PV) modules-Design qualification and type approval”
[2] T. Matsui et al., Adv. Mater. 1806823 (2019).

[3] News of Microquanta company, https://www.microquanta.com/#/pc/new/127, accessed: June 2024.

[5] J. Nishinaga et al., Appl. Phys. Express, 10, 092301 (2017).

]
]
]
[4] T. Duong et al., Sol. Energy Mater. Sol. Cells, 188, 27 (2018).
]
[6] K. Sakurai et al., Proc. 32nd EUPVSEC, Munich (2016) 1690.
]

[7] M. V. Khenkin et al. Nat. Energy, 5, 35 (2020).
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FRAEEROX v ) 7ERIEBTETLNLSOM?

Photocarrier dynamics of thin-film solar cells

RAEH &=k =HE
Kyoto Univ.

E-mail: kanemitu@scl.kyoto-u.ac.jp

1954 fFICiRPIo v Y a v KBS S o bUk[1], KEEithofEZEch s av
I LT A 0B LMEIR P 2T CTE 22, RiZicy ) avoF v vy et vy olIEAHo b
DTHb, £/, KGBMOEBEMHIZ T TICHOECERINTEHV[2-4], REARTL—7
AN —ZEBAHTORIBEG THRVOBKGEMD I TH L, KL TIE, a7 AhA bKEE
MRLIE 7 7 — L U BUE B G S OBFZE 2N IEE IR F I T AL, ERE~D#IfHEIE . Fox D
WEFE 7 N —T7 13, TR, ARER, ARER AL 7Y v RRXa T 20 A M EOLEMEEY
PEDOBFFEIZINZ . KEFEMT A 21T D F v U 7 HEBOHREHIT-> TE o, Tl Y
PEM B DS 0 O . ARERE B, R EM., a7 21 M KRBER O RS A i L.
ISR B AR~ D HIRF & BREIC DWW TR B,

FEONRIL, 2 < OFFEE & OLFEFFEORRIZIE SN TN\ D, BRI, RIS ScE gz, B
B E I H L £ 4., NEDO-GI (JPNP21016). JST-CREST (JPMJCR21B4). JST-CREST
(JPMICR16N3), Bt - Rl HEERFIE(IP19H05465) D I K 5,

SCHR

1. D. M. Chapin, C. S, Fuller, and G. L. Pearson, A new silicon p-n junction photocell for converting
solar radiation into electrical power. J. Appl. Phys. 25, 676 (1954).

2. W. Shockley and H. J. Queisser, Detailed balance limit of efficiency of p-n junction solar cells. J. Appl.
Phys. 32,510 (1961).

3. D. Miller, E. Yablonovitch, and S. R. Kurtz, Strong internal and external luminescence as solar cells
approach the Shockley—Queisser limit. /[EEE J. Photovoltaics 2, 303 (2012).

4. S. Chen, L. Zhu, M. Yoshita, T. Mochizuki, C. Kim, H. Akiyama, M. Izumitani, and Y. Kanemitsu,
Thorough subcells diagnosis in a multi-junction solar cell via absolute electroluminescence-efficiency

measurements. Sci. Rep. S, 7836 (2015).
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FRYBEICBETIEXRE— Ry IBR
Giant Seebeck Effect in Organic Semiconductors
REREWMK', SREE’ BAIRX’
Oift H—', FHE E', B EFE', M EXES, TR ER'
NAIST !, KOSEN Maizuru College 2, Kochi University of Technology °,

°Masakazu Nakamura', Ryo Abe', Hirotaka Kojima ', Shotaro Hayashi*, Masahiro Hiramoto '
E-mail: nakamura.masakazu@naist.ac.jp

BREBEHMO X =7y hO—21F, AMESERRENOHLBEAEZFH L TRETHZ LT

bbb, FDED, TR TIVREELEHRETORENEETHY . AEAEM BN 5%
MEEANZ TR > TN D, KH#E T, AEEEEICBIT 2 REHERRL THIERE—_y 743
(GSE) 122\ T, Fx D 10 FLLEICE LS50 B EBRIIICH O NI > T FEEZF T L, K
EBA ORI DN T 5 1E0 . EFRLOFREHIZ SOV T hikin T 5.

GSE (Xl Coo W THID TR II[1], B THEA 2 AR TR Z 5 Z &0
MR ESniz[2] (K1), MEHEEBAZRWICE b LT, B—_y 7 REITIRE IS LT Hifey
B THoT-, B—Xy I ZhRICBETANERDOET L CIIHRRER COMD T RELE—Xy 7
BEERATE RN L5, WM FLZRA R 5 b GSE IZIERICBIEZE Y, M E Tlohiok
TO024 VK IZEDL B =y ZREPER SN TE Y [3]. BALEMICL > GEEINRDS = hrE—
ELTIERETEALZEND, ¥ VT NHEMAE FELTIE W EXRBEINE, ZD7
W, SFEERICEB T 2 ROVEF R AHAEERN, ZOBRBOBEHTHDHEEZTNHDS (X2)
[5], RSN (BY LAR—Fvr (Bf) ORYy L THEMITHNDZ &b, mHHOROFE
AEMAZBRD TWAH RN H H[4], AE—LAR—T 0 U FEOBR5EEZDLZELEHLTELEMN
H L2 L, @i DARIRANCAERE LT o R AR~y 7 A7 = VO )
U THERIC T v U T I A B - TV D L EX D2 L TXE0E Lk,

ISR HRROFRIE, MO TRERE—RY VR TENER/DLIENTELZ LD, I
RDOEIBREED p Ty s & n BT 1y 7 OEFHER DR S, B—AEM B2 ERT
FeEe 721 OFEFHNC MR BE TV 2 — VB AR T I ERARELE R D R TH DH[5], W EnD
BitED—>TdH D+ BRI i ME NG DI D 0GR Tl H B8, K& 7Rt IE 2N AT HE 72
BB Z TR T 2180 7 TH GSE BEHI SN TRV [5]. K272 > TR Y ~—38 KTt GSE
DRI SN2 EB[6]. 7T NT 3, ZLIFE+HDR[RETH D EB X T WD,

1) H. Kojima et al., Appl. Phys. Express 8, 121301 (2015). 2) H. Kojima et al., Mater. Chem. Front. 2, 1276
(2018). 3) K. Okayama et al., Chem. Lett. 53, upad054 (2023). 4) H. Kojima et al., Chem. Lett. 47, 524 (2018).
5) M. Nakamura et al., Faraday Discuss. 250, 361 (2024). 6) AAHth, 2024 £ WikTHE.
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F107° Cooi @y 3
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F Nt J "C4oDNTT (sublimed) | o ptype | -

= Intramolecular
W ————
vibration,

BF“S\J\}: imed ‘\\ 7] Cloud of _
. s polarizationland:

Seebeck coefficient (V/K)
3
AU
P ©, ’ .
W ,’f 5
@ b e

10° - - &iaTeT /) Vo | WAL i =
E  Pentacene (sublimed) J-._ ¥ T o——eie-é-eean)
x S G (sublmed) € C1° "‘ed\/f

10 ? 300-400 K for C1,BP \‘\_ Expectea‘raqge by the E
F | 260-405Kfor PDI sl *~.conventional theory o
[ | 300-360Kfor others AN i
B2 Y T R AT RIS RPN R

Electrical conductivity (S/cm)

Fig. 1. Temperature dependences of Seebeck coefficient and Fig. 2. Conceptual scheme of the Giant
electrical conductivity in various organic semiconductors. Seebeck Effect.
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EHERFEXRZRAVENRBAE D L LORAFH
Thermoelectric Properties of n-Type Organometallic Semiconductors
BRL KT, OFA i
Osaka Inst. Tech., °Michihisa Murata

E-mail: michihisa.murata@oit.ac.jp

7L XU TOVENER AR TITIE, p BB KON n BREEEMEIOW T Z R T H Z LR B
D, ABERMEHIE L TIE n BB OBIZEN BN TV D, o k&S FITAERMETH L —
¥, n a2 RO d HUEIZ LD IR L —Rose B IR b, KRUZEZR n BRER L U CHk
WROMEITH 5, &<ITVFA VARG BIEETH D NI-ETT (X, W72 5 5 b IiE L7
WERAFRE RSN THWD, GRUL— MIEL, BOKRKRLEMEL b n BEEME & LT
I CTH D, Fox OBFFES NV—7"TlE, NI-ETT ICRBIET 2 GH& R -8 AICE LT, 71y
TIWEEIHT S A A~OIGH ZF8 1 L7oAFZEIC IR D #A TE 72 19,
NIETT Zifsml &4 2 iEsEtcsw
i, TRROREOBR TR, R jf){jth
T O b B HRFFEICRE o8 T SNiETTS "
7 h&5.%% (Figure 1), #21%, NiETT ] o s sq*
DT LAY B X ﬁs\mﬁfxm W W j o,
%72 NiBTT 1%, <L MrigicisncE © > s 87, s ° %
SURENEA TR ST, p BAEEIEHE  rolots prype) Dropecastim (nype)
B 9, AU NIETT 78 n b %57 Schroeder: c=7 Scm™  Murata (Dispersion in PVDF/DMSO): o> 200 S cm™"
T L IEHIBTH B, Complexes NIETT and NIBTT. (5) Niskel complex NZET, which containg
thieno[3,2-b]thiophene units (this work).
—77, Hx OWIET N—T7 T, BAL
THREBEBETHEKT 5 FEE S L8, —#O o RN A2 ST —Roo= v VSR EZ SRR L,
AT B D NEZRMFFIE DM Z D T\ D D, Fo /) FA4 7 = U MHEZE AL NiT2TT
X, KUY 7ok =V 7 (PVDF) LDEAEE LT, Wik nt ALV ES 52 LA TE,
KRRZER N BB OB E L TE, LD THWERUZENE (6>200Scm?) 27T 2 &R
Dinolo 2, Filo, AERMEIOBAEICE W T IR MGIENERE 2D, T4 LM
A BEAROIER TORLMAS, BN FORFHI LV HEETH L Z L2 WO TR L,
A TIL, —RICABESBEHADBAMIEDORI R L OIS DRRIZ OV TR STV
72 <5
1) K. Ueda, H. Nakanishi, Y. Tsuboi, M. Murata, J. Synth. Org. Chem. Jpn., 80, 930—940 (2022).
2) K. Ueda, R. Fukuzaki, T. Ito, N. Toyama, M. Muraoka, T. Terao, K. Manabe, T. Hirai, C.-J. Wu, S.-C.
Chuang, S. Kawano, M. Murata, J. Am. Chem. Soc., 144, 18744—18749 (2022).

3) K. Ueda, Y. Yamada, T. Terao, K. Manabe, T. Hirai, Y. Asaumi, S. Fujii, S. Kawano, M. Muraoka, M.
Murata, J. Mater. Chem. A, 8, 12319-12322 (2020).

4) Z. Liu, T. Liu, C. N. Savory, J. P. Jurado, J. S. Reparaz, J. Li, L. Pan, C. F. J. Faul, I. P. Parkin, G.
Sankar, S. Matsuishi, M. Campoy-Quiles, D. O. Scanlon, M. A. Zwijnenburg, O. Fenwick, B. C.
Schroeder, Adv. Funct. Mater., 30, 2003106 (2020).

Drop-cast films (n-type)
Yee (Dispersion in PVDF/DMSO): =50 S cm™
Murata (Dispersion in EG/water): =52 S cm™"
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v U7 F—EVJGifiEBELE
Hh—RoF /) Fa—TREHHOBER
Developments of carbon nanotube thermoelectric material via carrier doping
AKBRI !, AKX ICNER>, AKX CMS® Hrh E#f *° Ofsr & RiE >°
Kyushu Univ. Grad. Sch. of Eng.*, I2CNER ?, Kyushu Univ., Kyushu Univ. CMS.?
Naoki Tanaka?, °Tsuyohiko Fujigaya®**
E-mail: fujigaya.tsuyohiko.948@m.kyushu-u.ac.jp

MUY Ao —ORRICEBW TERMZIRAZE D, B0 TR BN TE 2 K5 I2K
I NTRES 7 LX VT AREREOMLEENEGE>TND, ZOXIRT LI T IREE
BT NSA ZADEBDT2DIZ, RO AT A, TNV T A T T E xR R
e, HEEGSTCH—R T ) Fa—T7 (CNT) BNEAESNTWD, @ ZT E%2 5 5
AMBHZRI LT, BEERE DTV —R T ) Fa—T71% ZT ZZRELLEDH 0D, THEFHK
<, M THEMES FmWNZ &6, THFER SN TWD, FFIZCNTIZEBWTIED < & b EEM
B TFOLIIUFE R—=7EFT e bmn p BEERE L TRESHARH Y, F—7RBIZ XD
n BDEEROMEE T, S5, BB CONT Thiu 1 kocthiclk T om0t —_y 7 {55 %
RTZEDBHLNTND, ZHLETOWEND, CNT 2 HW e BVEMEHZ IS W T ZT om R
LHAADZ L, BERBICLDRENW ELMNETHD Z ENERSNTEY , E-TIEOR
HHITON TS,

Z ZTREERDEANL CNT — R ZESRIE n B F—=TF 585 TH Y . HHFEET
I, F—= X0 NBRIROBAZ L D38 —=2 7 Ofth, R—/30 FOEEZF Y —=2 7B IUHK
JEME R =R MC R D74 bF == T U L TE T, ZNOD AT = ALK ENE, £
C L DHABEER LIZOWT TR 5,
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PESZ)TUFREREERLTOInBYF F—/V FORAFH
Development of n-type molecular dopants based on dipyranylidene derivatives
HERAF CEMS!, I KBeEE 2 EIEKAINR OREFE 123, HREHt
RIKEN CEMS !, Graduate School of Science, Tohoku University 2, Tohoku University AIMR 3,

°Kazuo Takimiyal23, Takaya Matsuo?

E-mail: takimiya@riken.jp

% < OSBRI E DTS TH DD, T ) THEEITRIEN, 2070,
AHENEA MR T~ AR R ZICHT 256, EXREHIOEBO-DIZX ¥ V7 F—=77T7b
nb, £z, AEERDE T PAZITBOWTYH, Kx v U 7TEHEICRRNT 288 EMm L 08
fRSHIS, MEERIKR FTOER & 72 %, ZHUCktLThbar ¥ 7 b R—=7 3R FIETH 5.

AREEEA~DF v T R—=T1IHR A N Th LA EERE F—T74] (K=" 1) & OESMR
BEICL DY UTAERTHDLOT, TNENOMEIO 7 v T ¢ TEED = 3L — YL A E
gElis, Iphl) AHEERA~DR—/L F—71213 FTCNQ 72 EDRWVEFT 7 & 74— A H
THDH—HT, A BE8KICK L TEF F—=7 RN RERIEE FOICBWEF R —0F139EF
WZIRBITWD, £, Z< OHRWET R —41 (HIHE WV HOMO (7 (Evomo) & H2) 1.
KAF L ENAT-D, BER n BST F—_y NIV ThD, Z07-H, n B F—X2 |
L i, N-DMBI @ X 5 2Bz L 0 @ SOMO YERL & & D HiE T B L & 4 U 2 RiTERATRL D
MEIR—IZHW BTN S,

Zauzxr L, Fex TR E N O D BB L Ry 7 25 & B & LT, Envomo & L 5-
EHDLHTEMIZEY . n B R— R0 R & & U THEET DM EIOBIR 2T L T & 7=, BRI
1. REORE GRS FTHDET FT7FT7 730 (TTF, Enomo ~ 4.6 eV) L HLL D% B
L Ry 7 A1 ThHHT F 7 7=2=1v T =T (DP0) ZHEAEKIZ, 1) HHEREAIZ
£ 2 nmOPERE Y, 2) EFHLEMEEHILOEA D, 3) * /A4 FEEDOHAD, Lol B ssy
FERZEL D, n B R—R0 b & U CHRE LIS DR ERMLEMDORRR 2R ATz, ZORER, &
HEEMEEHILOE AN R B REA T NN-UAF LT 2 ) 7 = = VA ROsBE K (DP3, DP7) 1,
Enomo 2% —4.1eVEREE & 70 b ARERY7Z2 n B8R 431 T d % polybenzimidazobenzophenanthroline
(BBL) IZxfL, B F—/_0 M LTHRET D2 Z LM E o T, Fo, EOBELHFRE
IE, MEIN TS NDMBIIZE Y R—7 &SN BBL LRFEETH 722 b, ZEPFSL Ky
ARG T EHEETH N A R—_ FOFRA%ELHEGETEZ 2, —F, ¥/ A4 MEEDFHFATH
Evomo D EF L FHIZVATFNT R ) 7 2= )VHEOE AT Evomo 15 -3.9eVETERLIZHDD,
KEAFTEG BRSNS -0, K= b & LTOERME ) )

REC RN Ebmot, BELEDP RAT = v o O (O,

DOHT, DPT IZBIC bR E T, BLEARE N RERZ &M D, Y Og>/\;;o
Ay By b R=ErZICHIEHTE, C60 ZfEMEEIZHVZ (Jo " T T
N RS DA BT, SRRSO ERO AR oo
R I D, ARBERTIEH, ZRHDP ZnH F—2 b ) 1
STRER. AR B THEER PIcon T L EET 5, ¥

[£&3CHk] 1) T. Matsuo et al., Bull. Chem. Soc. Jpn., 2022, 95,
1047. 2) T. Matsuo et al., Adv. Energy Sustainability Res., 2021, 2, o 70
2100084. 3) T. Matsuo et al., submitted. 4) T. Matsuo et al., Adv. 0P, =N = ors 5 -,
Mater., 2024, 36, 2311047. 1. DP & n M F— % |k
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EREENEI—RoF/ Fa—TJORIHEBEE 12— ILIEHA
Highly stable n-type carbon nanotubes doped by cross-linked organic superbase
for thermoelectric module application
MRABRL!, MRAEMETIStE 2 ELHF/#3 FRKREE'Y #FXREES
OM2) BHRRIGETF !, /NERTF 12, BEEHE Y, ABIERS 2, ERET 1235
Kobe Univ. !, Res. Ctr. Membrane & Film Tech., Kobe. Univ. 2, AIST?, Univ. Tsukuba*, Ctr. Environ.
Mgmt., Kobe Univ.®
OM. Nishinaka!, Y. Koshiba'2, Q. Wei**, M. Funahashi'2, S. Horike!235
E-mail: horike@crystal.kobe-u.ac.jp

1. AEES

P B ERE AL T EVEREIL, loT &
Y OBEMNERE LTI TWD, —R
V) Fa2—7 (CNT) IFENTZEERSOE—
Ry JIEEOIED, R—=Y 7k Mt (p
Al ) HEIME D ZAHTREVEM B L CHER
ENTW5, BVEHR I3k, EHEINE
T HIDIZEED p Bn B E A LA E
HEY 2a— LB METHHZ b, CNT

DORRPEREPE TR SRR & F 2 %, — 75,

n  CNT 13455 « B0 - W )9 D22 EMEIC
Z LW BVEHRE T ORE R IEEEE L TTHE
LTAE R—E U THIOBEREENT WD,

FrizonEz T, BT T =V U HIEEIE
M (TBD) R—rE 7k, 2254 100°C 12
TPHELLE n Bl EZRFFRECH D Z & &
WELTE D, L, HBEROK TR L,
RN F— 0N LD 2 ENiRE L 72 o
TWe, 61T, BEZEOIEK I3 25 %
BB ST TN o T,

A A, n B CNT OF 52wk Z HiE L.
TUNFEIZTTBD #2570 A 7 &4
72 2TBD-C10 =&k L (Fig. 1la), K—/%2 k
ELTHWE, 22D TBD 2= MMz k5 1
DN TO CNT kT 2% gl [0 &
HEAIMZE S RO T L D K=/ b
Maas i TBRACHE 7 LS L8438 A X D AKSy
FOWEISI] 2L, B 2R WK
B AMER 28 U7z, & 512, n Y ONT &

Z WA — )L CNT VBT Y 2 — /LA L,

[oT B ~DFREICKE L= THET 5,
2. EEBRAE

NaH /% F. TBD &7 aEFH DT k
Tk Ru 77 UmilEAE Ar 7 12— TN TR

(a) (b)

A A TBD @ ® 2TBD-C10
)

H
NaH

(¥ %0 o 5 o oé
&
+— A

(\/N\J THF. t, Ar £ =0
¥ BA
TBD T
2 P, e o
Br (%) . L ®
B'MU (o7 O Measy L T.
1,10-dibromodecane - L -
[——— -60
THF, t, Ar 0.0 1.0 20 3.0

A
o0 2TBD-C10

Period (x10° h) held at 100 °C

¥4 % = & T2TBD-C10 # &% L7= 2, CNT H
SEFE (BEJE~30 pm) % 2TBD-C10 7 & b 2&IK
IZRET AT R—Y s L, R—73E}
22 100 °C, ZERH =R (~25°0), £/
ITEREIET 80%) ICTHREL, T—Xvy 7
B8 (S) LEER (o) ORI E T,
WU A FHFEEZ N L, R K—7 CNT 5 (p
Al) & 2TBD-C10 K—7 CNT & (n %) %%
HIZ10 (BT 2L TEYa— L2 ER L
Tre BV 2 — /VliSHIREE A5 L, BIRE
R 2 55 & & TH R AT,
3. HREER

TBD, 2TBD-C10 W z@#EH L7545 TH
CNT OB —_y Z4EHIT AR L 72 Z &)
O, n BULHER STz, FILE LD CNT &
Z 22 100 °C TIRE LTZBRD S & oDfEkF
Z{b% Fig. 1b |2~ 3, TBD % L7=#kC
(LoD & S OREXHEDHE MBI K —F0
AT R SV DH, —J7, 2TBD-C10 & HW\ T
K=o 7 LR EF TN OBz
NTnsZ B, =0 hO—RIEEDSK
BRLEom FICEET 5 EE 25,
HIELT-BGEE Y 2 — LIZIREFEAT~65 K
A LN D LV RIEZIToT-/R., &EE D
12 mV 2 CTHRKES 35 pW O BAF 7273 &
LIV, EEE CIEL, n M CNT OZEMIZRTT
HILEDEEDII)N, T a— WL DT AT
VALY OERENZ OV T HIET 5,
BRE AWFZEO—EIX, ISTA-STEP, FHFEH
FREOZEEZZ T CHEESNE LT,
SE 3Hk

1) Horike et al., Nat. Commun. 13, 3517 (2022).
2) Nakayama et al., Mater. Chem. Front. 4, 3616

(2020)

(c) (d)
2.r_n'm 18 mm 2rl1'm g 40 ;
N nype 2 30 [ 2
g 3 [ o
2 10F 3
5] >
e Z

0.0

0.0 10 20
ptype  Thermo-electromotive force (mV)

Fig.1 (a) Synthetic scheme of 2TBD-C10. (b) Temporal changes in S and o of doped CNT films during
incubation at 100 °C in air. (¢) Schematic of all-CNT TE module. (d) Power output and flow current
according the thermo-electromotive force from the module at AT of ~65 K.
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17p-A24-1 BESEIG MBS AHELMBAES WRATHE (2024 KAV LEN2LIFEAVFAY)

CNT &BMHEICRD 5 h S ERBEIMOEHSRE
Exploring Key Technologies for CNT-based Thermoelectrics
RIMK: OF4a0 £2!

Kyoto Inst. Tech.?, °Yoshiyuki Nonoguchi?

E-mail: nonoguchi@kit.ac.jp

BEMBHC L D TR X—n—R2T ¢ V7L, BV =T A ¥ L R EEZBE+ 5 R ER
fire LCTEERPEEARIND LI RoT, W =R T/ Fa—T13F N ¥y
TRENTZF Y U T BBELROZ LD, BIEMICHERBEEREMEI L E2 6T, &
5P DBEEAE AL TE D RMARBEREET Y 2 — VI AIATL Z ENARETH D, I—HR T
F a2 —T7 W BVEMBIOBRIZIE, 1) BVERMELZ ST 27200 R— 7| 2) ik
—WHEARBE A B BT D 7o D OREEER] & IR, LW ot R D H, H—AR T ) Fa—T
OEBEHROIMRIITHIEDE L OIE), AT, S OICIMEAR 3o Fili#ke2 &b
2R ADMANPRD HD, ARBEH T, BES—R T Fa—7 %AW BEMEOBIFIC
B9 2Fx OB A HONWTIERD, nfil N—v > 7 Darv7 Mb (Fig. D)L KRL 22z

M RN—Er T ~oart 7 MEf S RGNS — R T ) Fa—TCH LD SRS
@ﬁ%*“\%ﬂ%x-VIXV%ﬂﬁ@ﬁ@WBKOwT%ﬂﬁLka

@ o739 vI—FI . FEREEE: (c)
HEATRE
IO Y S EHEED .80
C . SITHERIE
‘,’\/D\j’ w4 K'@B18C6
Sitteeena., Y
S/AA VD - B S ®
B ARy _ : :
TR L oy -, K'@18C6
BEEEHE ~ S o W
Nuy “*..Na'@B15C5
(b) WA F 4 > HE S .
™7 ) i ool Na*@15C5
E @ j E @ D PEI (reference)
L Lo 0 10 20 30
Na@15C5 Na'@B15C5  K'@18C6  K-@B18C6 Period at 150 °C / hour

Fig.l1 77— VR znM K= 7. @) 777> m—T UEEORH. (b) NFEM
20 T T—TEER, (€)7 T T AEED =R T ) F a—TEOR -y 7R ER O
e (150°C).

1) Y. Nonoguchi et al. Adv. Funct. Mater. 2016, 26, 3021-3028; 2) Y. Nonoguchi et al. J. Mater. Chem. A
2018, 6, 21896-21900; 3) M. Nakano et al. Small 2017, 13, 1700804; 4) J. Komoto et al. Appl. Phys. Lett.
2021, 118, 261904; 5) Y. Nonoguchi et al. Sci. Technol. Adv. Mater. 2018, 19, 581-587; 6) T. Yagi et al. J.
Am. Chem. Soc. 2024, in press; 7) M. Ishimaru et al. MRS Advances 2019, 4, 147-153; 8) D. Suzuki et al.
ACS Appl. Mater. Interfaces 2023, 15, 9873-9882.
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h—ARoF /) Fa—T—BIFEHAREMHOnEES 1 —)VEIZET SR
Tt -structured thermoelectric modules composed of polymer/CNT composites
EERRHE, “KF% &R
AIST , Kouji Suemori =45 FICNTHE

E-mail: Kouji-suemori@aist.go.jp

HE BT ONTEOMEE 7 =7 5 7 A BELRE T 5 ——

B, E— bV BB SRAVOT, BRI T TRES Y B LTTRRS
DL LB, EARRHE TG b BN A AR S A T 72 2

i, B OE BB ERESLE L 5, FOED, /1 Dk -
50T/ ONT M bEEHE & 57 S, doR T, L L7- b OB < "
HAuwbins, LnL, ZOMEHT CNT BLRIZER LT, IBEZENEK [ 1

A Hm (K1 OEESH) IZEWOEMEENEZRT, Ziud, AELHREICREZELERT S
FTHFE LR, A TIR, V=T I 7NEAEZT L L THESNAHEHRETH HEAE
BEFCIX, BEHTHOBMERZE T SED 2 -- t—nRyy | BREEE | MEEE

. L L B HH(uV/K) | (Slem) (W/Km)
BIZKXVHALMNE LT, E72, FHEERICTEE ST N-layer -82 1780 18 0.02
\CAEBVE S 2 425 o B 7 L o 7 LEVGE FF2 P-layer 47.3 7.2 1.3 0.0003

N-layer -48.7 19.19 1.3 0.001

BHEY 2 — NV EAFR LD THRET 2D,
EBREELER . VT 7 7NFET (BFE=12mm T3 HO pn itz b o fFET) L LT, £D
2ODFRFOHRIR N CORERLFHE LI, FF11EIX 1 OBREEHELFH OG22 HEL
72 OT, TEGANEHWERISER & BMRERERO, #T 2 (FEET M OBMRER L EXUR
WAROW S 2 T 726 0T, CNT Bl Z KL S 7 k8 2 v
Tea 2 BE LT\ 5, BNEMEL B OB, EERO

1.E-02

S 1E03 %?N{U: o !

FLERILCONRQELTHEAELL, M2IZHELVELONTZARY 2 1w £72

FCORBRET, BT 2 1HBO 2T BENC L DD ET, 8 10 L 4 bt

FT 1 LD REBESK 2HEMEL 2otn, OB TR (1) & O ;}f? .

(D) 12 & B, (1). BVEZHIEO T HEAMEEE NI -0, BT SRERE (O
2 IFHET 1 LV LBEEE OB SN DIREEN 1 H AR 5 2

W, (D).  ENEEHEOBRIBIUIHE T 1 OFNHE L2 L0/, BVEMEL SR m o8
fitfkpt (0.72Q) BARET X, BAEBNZENZEREIREELZ LTIV, ZOfRERIE, BVEL
BEOREE ST MOMMAERLK T SE5HZ LT, = 9> FRIERLR (lk)
BT PR T 2 EENPRE M ETED
ZLERLTWD, X313, Fox 256% L7= CNT
ZOEATRL R S BBV O TIETH
%, Z ORI EE VT, 12 &IF CHERED
MENEER L. BEE=12mm T3 %@ pn xt% 4
SaFIET (K3 OEE) ZER L7 5ERT CNT/E2FRIEMA GBRIK)  CNT/E9 F(EfF)

R

2 O@HNTRTIEY . FHE L FEOEVMELE b, 3

B (R RISEL
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HEMEDFRET /N1 RO loT BiREHA
Conducting Polymer Thermoelectric Devices for IoT Power Supply
EXw CmmA H—!

AIST!  °Masakazu Mukaida!

E-mail: mskz.mukaida@aist.go.jp

IoT (Internet of Things) (& & > T, HENEER, @REE=2 U L VROREE=Z 1 7 ITNTER %
IR AT DENFEME S, EFETLVERICR > TS ZERFREND, ZD [oT ITh
PERVON EBERN L & BICEROVWSRWENER CH S, BVER S LT,
Ny T V=NEZ N0, BHIRRIZLD2BEAHAPERREFLEZHAS 2L ELLNDHT2D,
BT BERSCRABAHEBEIATOLERDH D, LnLans, MEICHERSHKELZ TERWEGHT
RfEREGFED T2 DIy T ) — AR EFEATE VWb H D, IHIZ, BRarkty bbbk
BEAT O HA . IT BIEMEE CLERB NS W=D, 100V B8 V~%+ V ICHIE L2 Th
e bd, THTE— FEREER) Lo THEA =R AF—2BATHTTNS, ERart
v NEERETIC, RFAOBJE, FERMIIIAMEETAEMEOBJiTRE TCEE. iRk
RFEPEHEEZ RE AP TEDIETTH D,

THELO LI, BVELHIT, HEROMEEZFH L TAT XL — 2 EHEER T RLF —IC
BZHIENTELEMTHY , BIRN HT 24 BRE 365 Hidik: L TEHEMHRTE 5, KFIH
BADIZ L A ED, T X —[EULT DI LWV 200°CLL FOIRE TH 0 | = OIRE T HEA
BMEIDMERTE 22 Lvh, 2010 4D O A BEEVEM B O FERLAFZE NSRRI ThILD £ 5
Zhpoic, AHEEVEMEHE, EEMEIZHWESEE LV BEONIENT NIV DD, FEHER
B, Y I RBE T o A T LR VTSI E OB H D, 7272 L, BURTLE
B2 AREENER B p DL D=8, FDEY 2 —/WFa =L V7RI CRET 20 E N H 5,

AR TCUL, ToT HEEHEIRCTIR Y 70 A4 4 ZIREMO T B L L TEZ D, AREERT
IkOEDEY 22—/ (Figl) OBFREEEZFENT 5, F#ME LT, PEDOT/PSS (poly(3, 4-
ethylenedioxythiophene)/poly(styrenesulfonate)) & V9 EEM: &5 T DA HN, B M & LT
&)@ Ni 2 7z, #iE 22mm XA 22mm X 1§
20mm, FEEEL 300 ALDE Y = —/L1E, 100°C
DOEJRICE L 721 THRBBDEFE 50 ED
TR ZEZAF TR 40 n Wiem? O % 7%
R U7z, AT o042 fid S i 7 BRI DL A
B8N~ v F o 7T X B IR LR
AR LD R B 1 & R U 72 56 1 T )
AT, RERRE LTHHT 272D DOKEH
s a5 [ e R

Fig. 1 Developed organic thermoelectric module.
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FFORGEEZFALERILZBHICKSRELIR

Thermoelectric conversion by thermocell using the thermoresponsiveness of molecules
RKEEE ClLA #%E
Univ. Tokyo, °Teppei Yamada
E-mail: teppei@chem.s.u-tokyo.ac.jp

BB TR W BVEL S AT A ThH D, BLRTIEIER D T ORIKICIRE %% 5
2 5L, BETTTEEMREICLY 7 b L ARRACIE= o 2 L E—RICERIZR BN, &R
MTIE= b e =R R OEN TN ENERNC 2 D, ThIC Y | SMBICER =RV F —
EIRDHZENTE D, BYbFEIT A EmOE—~
v 718 (BALREEST- 0 OBITE) 20535 2 L0,

LIRS - BRI F AR TR 5 &\ o T RS Tomehion,  gE Do

b5, \/J Q..
Forld, T ZITHRA RSB OB L B 5w S :'-._qcv_f

MAT ST TNy J B LT 5 Z L Wl

LT&k, RETIE, BILETEDTOBA k42 H] R

NRIS, 7R b RRETBIRE. BT ORI, B Y

S LR O GAFE R AR T 5 = L A ¢ fm - 4

ELTEE, KVURY Y ATEINL OB EM SRR | oomiton

IZ2OWT, O &5 TlET 2,

1. Exploring the local solvation structure of redox molecules in a mixed solvent for increasing the
Seebeck coefficient of thermocells, H. Inoue, H. Zhou, H. Ando, T. Yamada et al., Chem. Sci., 15, 146,
2023.

2. Agueous Vanadium Complex for the Superior Electrolyte of a Thermo-Electrochemical Cell, T.
Yamada, N. Kimizuka, H. Zhou et al., Sustain. Energy Fuels, 8, 684-688, 2024.

3. Direct Conversion of Phase-Transition Entropy into Electrochemical Thermopower and the Peltier
Effect, H. Zhou, T. Yamada et al., Adv. Mater., 35, 2303341, 2023.

4.  Advancement of Electrochemical Thermoelectric Conversion with Molecular Technology, H. Zhou, T.
Yamada et al., Angew. Chem., Int. Ed., 62, 202213449, 2022.

5. Supramolecular Thermocells based on Thermo-Responsiveness of Host-Guest Chemistry, H. Zhou, T.
Yamada, N. Kimizuka, Bull. Chem. Soc. Jpn., 94, 1525, 2021.

6. High Seebeck Coefficient in Middle-Temperature Thermocell with Deep Eutectic Solvent, N. F.
Antariksa, T. Yamada, N. Kimizuka, Sci. Rep., 11, 11929, 2021.

7. Inversely polarized thermo-electrochemical power generation via the reaction of an organic redox
couple on a TiO/Ti mesh electrode, H. Eguchi, T. Yamada, T. Ishimoto, M. Yamauchi et al., Sci. Rep.,
11, 13929, 2021.

8. High Positive Seebeck Coefficient of Aqueous I/ls~ Thermocells Based on Host-Guest Interactions
and LCST Behavior of PEGylated a-Cyclodextrin, Y. Liang, J. K.-H.Hui, M. Morikawa, T. Yamada, N.
Kimizuka et al., ACS Appl. Energy Mater., 4, 5326, 2021.

9. Thermocells Driven by Phase Transition of Hydrogel Nanoparticles, B. Guo, Y. Hoshino, Y. Miura, N.
Kimizuka, T. Yamada, J. Am. Chem. Soc., 142, 17318, 2020.
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Self-Powered Sensors Utilizing Thermocells
AIST !, Univ. Tsukuba 2, Kobe Univ. 3, °Lixian Jiang!, Shohei Horike3, Qingshuo Wei'-?
E-mail: qingshuo.wei@aist.go.jp

Thermocells, also known as thermogalvanic or thermo-electrochemical cells, are devices that convert
heat directly into electrical energy using the principles of electrochemistry. Due to the substantial reaction
entropy in redox reactions, the Seebeck coefficient of a thermocell typically reaches as high as 1 mV/K.

We have been studied the thermocells using magnetic ionic liquid [1], K3[Fe(CN)s]/K4[Fe(CN)¢], and
K;3[Fe(CN)e]/Ka[Fe(CN)s] with different additives [2-4]. In this talk, we will present the development of
self-powered sensors using single-leg thermocells of K3[Fe(CN)s]/K4[Fe(CN)s]/GdmCl to harvest body
heat and solar thermal energy [5]. A pyrolytic graphite sheet (PGS) was selected for its low water vapor
permeability, and its surface was modified to reduce the interfacial resistance. Two types of DC-DC
converters, Asahi Microdevices AP4473 and Matrix Mercury, were evaluated for compatibility with these
thermocells. The compact 1.5cm? (1 emx1 ¢cm x1.5 cm) device successfully powered the AP4473 converter
to illuminate a light-emitting diode. A lager device (2.5 cmx 2.5 cmx 1.5cm) effectively drove the Matrix
Mercury converter with blue tooth low power sensors. These self-powered sensors were able to wirelessly
provide humidity and temperature data using solar thermal energy for approximately 4 hours per day during
peak temperature difference in January.

In the later part, we will report the fabrication of thermocell devices comprising 35 legs using a modified
soldering method and electrode treatment to enhance performance and reliability [6]. The devices exhibited
a peak voltage of 3.5 V at hot side temperature of 60 °C under natural cooling conditions. The thermocells
integrated with a voltage detector IC and beacon, starting to drive the beacon in 100 seconds and
transmitting signals over 600 times in a 15-minute period. Our results demonstrate the feasibility of
thermocells as an alternative energy source, offering a cost-effective and streamlined solution for energy

harvesting application.

[1]L.X. Jiang et al., Chem. Phys. Lett. 776 (2021) 138663

[2] B.Y. Yu et al., Science 370(6514) (2020) 342-346

[3]1 L.X. Jiang et al., ACS Appl. Mater. Interfaces 14(20) (2022), 22921-22928
[4] L.X. Jiang et al., Global Challenges 7 (6) (2023)

[5] L.X. Jiang et al., RSC advances under review (2024)

]

[6] L.X. Jiang et al., Materials Today Energy under review (2024)
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Technology Trends of Advanced Logic Devices: Past, Present, and Future

RAER OFFK R

IS, The University of Tokyo, “Toshiro Hiramoto

E-mail: hiramoto@nano.iis.u-tokyo.ac.jp

DA Al DELS REERZARER L LOTWDH DI, [HiE
D3EE 2021 4R, CPRERE IR E &AL
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(TEEITET .

ROERMEBZ, FEEES
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Edge Semiconductor Technology Center)23 3¢ 32 S 41, G & FC LiGHER & E IR BH A 23 AT
AR a Yy 7 OB —
Krblll7ry FLIEbDTH D[]
SR DIES

ERT 5 LTRSS TWD

© 2024%F ISRYMEZ S

10000
1.5um Actual Numbers (Int. «— |— Predictions
E J Conferences) (IRDS 2022
c Edition)
= 1000
5 4 _350nm node
= v
‘_c;' - 130nm node
90nm node
- »
% 100 45nm node
_m; o 22nm|node
- Strain
% 10 \ 3 am TSMC_— |
o HKMG Intel 4
c i * . Intel 3
> CMOS FinFET T
g’ 1 Innovations Uy A\
2 . DA
§ A Tech.Node (Intel) 3nm TSMC
[t

@ Tech.Node (Others)
0-1 Il Il Il Il Il
1980 1990 2000 2010 2020 2030 2040

Year
1. vy 7 ¥8RIZEBT 58 2 — ROFERAER [1].
X5, FEETHILIRDS (2L 5. FEMIX[NNEZSROZ L.

References

WEOT— 2 3EESHE IEDM) |

[1] T. Hiramoto and H. Wakabayashi, IEEE Silicon Nano-electronics Workshop, June, 2024.
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=i Logic $/EEZZ 5V T—/Eiff
Wafer technology supporting Leading-edge Logic Devices
SUMCO:,  ©o#Jil FA:
SUMCO .1, °Kazuhito Matsukawa?,

E-mail: kmatsuka@sumcosi.com

AR AL SO AT L0 | EERT NS R, L0 @gRE. mtERE. IKIEEE) . K= X Mo
F7=BR%E - ERERLEEN TS, S Logic 7 /31 AX EREDZFELARE /2 BR 2 72 T <
TP el BTV D, TDOHTHRAME, KHEEMITEELREINBARE TH Y | Logic I31%
Mtz EB T HEHERT A A LNESIT B TWD, CMOS Ot LE#ED HICHT-0 | 1t
KOEIE R A — ) 7T THrEOMRIIGE ST, =2nm HROFRIH7 v A TIE, 7
NA AREED FINFET 705 GAA HEIE~DRBATOARTH & ) kb & U C 3 i o 5 AL M 1
Back-Side Power Delivery Network (BSPDN)E A & 52X AL - mkhE L 28 % L7="3D"H%
1< Chiplet Hefff ~D 4TI S Wafer to Wafer D HEAHiAfi 72 EhEsk D 7 v & A HARBRF 2N 2. C
KRz IR B ICARTF T DB G N E L 7o TETWD, £ 2Tk L7z X 9 Zfdehs Logic 7'
T A KMEELZAITKTT D U = — B OEATRRE S T7 I D E R~ D,
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EWMASYITNARIZETDTSIAIT Y F T Hdf
Plasma Etching technologies for leading-edge Logic LSI
BINA T OFE B
Hitachi High-Tech Corp, °Masaru lzawa

E-mail: masaru.izawa.jj@hitachi-hightech.com

PRk w ¥y 7784 A%, Pitch Scaling (f##11t) 721 T72 < DTCO (Design technology
Co-Optimizatio) 72 £ % Fiu 7= Cell Y1 i/ INC K 2 EFEL N HEA A4 1% IR 15 (GAA X° CFET)
WCEDEBEDBBREFI SN TVWD[L), 77 A~y F 2 ZHEM T, FInFET 72 £ O RRREIZIN %
DTCO OFANCT LV . nm K E O @@ R EIN LI A T, MG ISR TR b
LRItz

Fin i1 T.ClE, ZAEO fin #EHSIGe & SN LIFIL CDEE = v F U ZTIRESBROHND, =
DO TAZ%F L, M-ECR 3E{& % VRS RF OOV 2 HlfHlF X O3 ZGIRHAFI N2, Ho A
ZWMZE RIS 5 2 LT, BEMECRIIRZG TV DI2], Z OHdiTiE SifSiGe Z /& L 7= GAA
FET O LTHIH STV D, WFM (Work Function Metal) pattering i, Fin top @ Damage %
I & nm L1 space DIRIERRENEE THDH, YA F ¥ —U 7 v 7 &fRET 5 DC pulse
HEiFO#MH L, 20 b b— 47 28 L7Z[3], £ Dfll, SDB (Single Diffusion Break)/ill T.X> MGC
(Metal Gate Cut)TiZ S/D Epi Jg~D & A — il & FHET — SRS x 3 2 i bR B O Az
RO BT 5[4], SAC (Self aligned contact) /3 Tid. WFM Gate VU = A TLIZEBW T
HK/WFM OFEHIERE & Seam ~Dxtiis, SAC ANLIZI1T 2 3HWE & BRAMEDO WAL KD B D,
SAC HEIERERCZ O TIZH W T ALE Bl 285 H S Tun 5 [5],

AR REN HIAE N T D GAA FET TlE, FInFET R CH W e v 7o BNz . #7
BN TN EEIC /25, GAA @ SiGe recess <2 inner spacer DA T Tl O EIRME & BT IR E D
EWINL AR D 515 [6], BS-PDN (Back side power delivery network) 23 iat STl v, 7o E
DD SID ~D a5 7 MINTHEHMRNMLEIZ R D[7], & HIZ GAA FET IZHi< 73 AL LT
CFET 23t ST %, CFET (X p-mos & n-mos OFEJERIEIZ 2 D728, KU W7 A7 R
OIMLTAMENZ /2 58], MA T EEE TEOSEEDT=% nm L~L D space THJ— 25NN T
BT D, Wk E T IIN LA EBLT 5720, 77 A~JFIC IR b — % —Z44# L 7= DCR (Dry
Chemical Remove) (& % BA%& L ., %K C microloading @ 72\ > conformal 72 SIN I T & 525 L 72[9].,

AR TIL, el T A ACBT DT v F o 7 OEARRE & BHRLIZOW TS 5,

235 3CHK: [1] IRDS, https://irds.ieee.org/editions/2022, [2] Y. Ishii et al., JJAP 57, 06JC04 (2018), [3] R. Ochiai
et al, JSAP spring meeting, 2021, 19a-P04-9, [4] A.J. Strojwas et al, EDTM 2019, p. 319, [5] M. lzawa,
SSDM2023 SC B-03, [6] N. Loubet et al., IEDM, 2019, p. 242, [7] M. Kabrinsky et al., IEDM 2023, 19-1,
[8] N. Horiguchi, SSDM 2023 SC-B02, [9] M. Izawa, Proc. of Symp. Plasma Process. 2024.
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KO Dy LEMT DRELN ~HlA 28 —K—FERLERERR~

Development of Package Substrate with Organic Interposer linked to Advanced Logic Device

TABRIERXRHE, © =X 8K,
SHINKO ELECTRIC INDUSTRIES CO., LTD., °Shota Miki
E-mail: sy.miki@shinko.co.jp

1 XTI

T A RS ORIV AL (Artificial Intelligence) <° HPC (High Performance Computing)
ZIEH L, REET —F Z@mdil T 5 Z RO LD, FEERN Y r—UI2B8 0T, HBM

(High Bandwidth Memory) <°F > 7 'L R &EH W Ry r—UREENEEMR S, 1 DO E
T, BEOF v Tz 2y =V U TEIRPER 28D TS, £, b0 (K
Ny =R, EERRED T2 DTy TEEEENE L R A X ORAULIME L TS, £
T, KEURIZERITH Y BFEF » 7B L OF v 7 Ly MEREICIHE LT Ry =V HRTH 5
i-THOP® (integrated-Thin film High density Organic Package) @ JEMBAFEIZ DWW Tak~2 D,
2. Ny — UK * i-THOP |3 ¥ ER T MO BRI T3

iFTHOP®IE, X 1, 2123 & 9 (SRR 2um, 7 U » 7"F » 73y R E v F 40um DA A
V=R LN RT y T IR AARRELR O Sn-Bi 1A 7S THEE LIl DR A T A
W=Dy =V ERTH D, SHROERKRIEEA~DIEDTZD, A v F—HR—=FH A X
70x70mm & W oSy = DR e R U 7, (R L 2 BV S 2 A X 3 1R T, RIS, R
A > H =R =P OHHGEE VR O 72 IR E Y 7 Vil (JESD22-A104, Condition B) % 2 L
Tz B4 DFERND ., A 2 Z—R—YIEE & hRE OBEEEOIPTELFRIL, 2000 ¥ 7 L%
THEIEMED 10%RETHBE L., 1 ¥ —F—FESGHIIRGTH DL L 2R LT,
3. SR KA

KA o B —R—=P 2 N T 8y & — D L~ COEEEMERE . FORWE 1.5um,. 7 U v 7 F v
7%y REE > T 35um ~OF 72 253 X OE B E I m T 7= HlBs 2 o T 5,

L 2B YN
DEARAR, i A 2 =R =2 AW e@mBEE Y r— VR, 7 =7 hr =7 AEEEREE,
A —IR—HERS v ERE
VO|.26, N0.4, 2023 /fﬁjll—{‘/:—m—;: 7(1)%(70mm e Logic : 20 x 20mm
S SnBilFAT
B nBIBAL | o
2F4TF -

AT l T Ty l o

eI Ry S A "|W =
EiR

EIVKPYTEIR : 100x100mm BiBM : 7.5 x11.5 rHi
o e 3 Ny r—UHR SMIETE
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JUyTFYT) ks i SN e s v i) P
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mELTSHAl LHETHESHFY Ty M
Automotive Chiplet Technologies Cooperating with Advanced Al
254X OB B!

MIRISE !, °Takao Iwaki'

E-mail: takao.iwaki.j3u@mirise-tech.com

2012429 A, WMIRFEFROKEEE %55 ISLVRC T, b1 KD AlexNet 28 2 i % K& < 5] X ff
TREVRHEEEZ R LD, THESIC AT STTREER 22 A 2 220, Bl AT HfiE A ~— |k
7 % 2 OBERRGEEMTORFER Al P —E AR E | A2 DAEJEIZRERNED &> TN D,

=L L7 AL Hifro BEHGH  20E I A TUy %, CNN(Convolutional Neural Network)<>
Transformer (2 £ 2 B3 7 A 7 B OMIRRFEEMIEE V. BEIX (Bird’s Eye View) k< HlL
ERFE, &SIt L B0 - AEREROIZIERTO TREEZ AILMT ) FREER L IAE > T 5 2,

ZAUZPEVELER SoC(System on a Chip)~DE R & RIS HE £ > T\ 5D, 1w B EER SR B #hiE
BT, ZROEMRGED A 7 B2 ETHICE 10ms AT Z0ENH D, THITLER
ALTEFAVEREIE 10 4E[ 7T 100 f5LL R 6720 1,000TOPS %8 % % H# SoC BRE ST D 3,

e 72 B SoC X 3-7nm ORI 7 1 & A THRUE S5, PHIME & B 1T L 72 SoC D BA%E =
A2 MILWFEHTZ 0 H 100 EIICH 25, BABE, NUE SkE, AR—2 07— @l
EL B/ b— R AVPEREDS B2 572 — AR TH TOPS~1,000TOPS EE DA
LD EAN—TDEED SoC NMLBE L 70D, 2 HAETEB A IZEFT 5 OIFHEENTIEAR W,

COMBOERERE L THERINTWDORTF v 7 Ly M CTH D, TR/ S 72T
vy MEHF (Fy 7Ly b)) 1Ny Tr—IID, —2O0F v 7OLIHIFEiThH D, ux
TH—/3—H] SoC D KL TIR T LA EV 2, Foy7nElickvm s &%
AENCHE LN TH D, BEHESETIX, BB LZDRT y 72370y 70 L5 IT/EA
BoEDZETEHDO AN =—v 3 VEENICH AN—TE HRIMROVEFEIN EBZ D,

Y= N—FDORARNLTITTF v 7Ly MITE W2 SoC ZABEIZRGMAL AV TV D A3, AR
(CHAFEH T D 7 DI IR T R E FIRRREN WL ONFEET S 9, OEEOF v 7Ly FDBE
RERMT D= Ry =T « V7 MU =TI, OWRELE - V7 VEA L5 EBT LTy T
v FEOE®E < SEERA U —T7 = — AT, @B - A X - IRE) R & Ok Uy HLE AR
ZONDLRy =T THN, HFThD, T O &R ROBEIZ W TR L2V,

2 3R

1) Alex Krizhevsky et al., Communications of the ACM 60 (6), p.84-90.

2) Matt Vitelli, et al., IEEE Int. Conf. on Robotics and Automation, p.897, Philadelphia 2022, p.897
3) https://www.nvidia.com/ja-jp/about-nvidia/press-releases/2022/

4) https://www.meti.go.jp/policy/mono_info_service/joho/post5g/pdf/240329 theme O1.pdf
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LY, T—2BEERBIHET AT —PR L, EANEESCREANE T2 2 &3 HE
DL 72> T D,
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Direct Synthesis of Silicon Chemical Raw Materials from Silica
EBT ORH IR
AIST, °Norihisa Fukaya
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ThITNAXTTT UL BT Iy I ARETT ANA A O - RO RS LT
IR FIHEN TN D 7 A FILFELZOEBRFRO—2>Th D, 7 hI7T7vax v 0d, Bk
DLHEMEFETIE, RROTA A (V) ARERS) &R, KEOER= R LF—%H
WCERTHEMURE LGS ED 2T, —H, @B7ARIETLIOL, Izl K
JESHE TR A FE L, SHICT AV a— L ERESE D55, ISR A REEET Lo
NV EREEE L FIEIC L 0 RESN TS (Figure 1), L2xL, WFhoFKiEd, miazEd 5
BEIAFROMETRERD 2, WHNRTZ X LX —ZHBE TR EATH D,

2CO 2Cl, sicl 4 ROH
— " Si — 3 g
4 rac Si(OR)4
sio, * 2C Si |
High Temp. 4 ROH
— Si(OR)4

[Cu]
-2H,

Figure 1. Industrial Production Route for Tetraalkoxysilane

AWZETIE, T A FEFEEOERFE THLT I T Laxs v T o0 T, ZMTEE
\CAFAET D00, WEIRBEIR . PEZERIFEMIIR E2 T A FRIREL LTT v a— eSS E T, —KRE
TEAFRICHBESTE 2 5N A % L7 (Figure2), Z O TIL, LA ST 2 EEHIK A
DELVF 27— =TI Lo TRCTIZEIET 2K EWAEREST D 2 LT, P c@Ex TH
HIM DR 2 KIEIZA ESED 2 ERFREL o T, AR, i CEEICHFET SIS ESE
oA FReANER L, AT A REBOET I L — K= 2 MU - 20E 2 O
Th D,

Direct convesion
» Energy saving '
» Low cost

» Efficient use of resources

Industrial byproduct , ic et

Figure 2. Direct Synthesis of Tetraalkoxysilane from Silica
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[IFUwic] AcEEt T I v 7 AL, BEEKX - REOIC L > TRASTEUE, AAREND
Fip 53, RS E TR AR ANATOND K528 oT-. RILT A FDO X S 2eEHMHE T 2
v 7 ATHHCIRBHSEZ BB 2 L0 H 578, N2 A CIRHEE AT 58T I v 7 A
I, RAOA R e & OBk T AR T X v 7 A LT EAME E e TR Y,
B s X 0 REOBRARDPBCAERDIC Lo THRE IS Z L THRERENEX 5. ZOMEHE
R Ay F o ZHEEREOERME LTHWD Z &N TE S, S & L TREHa
FFCE 5. ABETIE, BB ET I v 7 AORMBELICHICHEDT 5 & & b R sl B
SO T HRBICONWTHET S.

[BCIREA =R L] BT I v 7 AIMEHEMEN T 50T, MEHIFIET 5 b KE WK
ISR LT, 2P E 2o THEET 5. 2072, REICKERZ T v 7 RdhiT
ZINOMETHZ LD, I T I v 7 A ERIET S L X ITHHIIN T A21TH L&
I 7 V0ol REWS Ty I RBAINDLZ BB D, FT-, HEEE L THA
FIZ b BEBR-OHEMIER T2 7 v 7 NEAINDL 2 ER® L. FERE LT, MEmLN/NS
TRISTICHEELIZY, FEHBELZ D T258036 5.

AOiBitE 7 Iy 7 AT, BBRMEIC X0 IERRLRL T 3B L T2 7 v 7 N CURRENY
EFERILTII I IBRREINDIET, ZOV 7 v 7IZBTAILNEREMEINDS. /R
Mz, MEHNERONRIZR 7 T v 7 0K OBEEIR & 7o > CHRERIENEX S, 77 v 7
DOANE, EFROX DR A =X LMD, FERRLRL T 05 BN ClReb L 72 BR O (R FENY
TEE DHEE, WA AU PMEIREICIL L CRERR T OfEER EERIGEL T T v I N
IR TER T 2 B A b MESND. Zhbi, v~ ) v 7 RERDZETI VI AD
PEHURFPEC IR LKL T DFELFFEIC K-> TR 5.

[ A RE B~ D] N FEIZ, HERlEE T I v 7 2 & LT, SIiC ok ALOs (LUK,
SIC/ALOs & Fit) DIED, SiC/ATA b, ThAIC/ALOs, Ni/ALOs, Ni/AF A b, SiC/Y,SiOs,
SiC/Y2S1207 72 EMBAF ENTWNWD. FIA Ty FUVIEETIE, " Frr 77 AT V#L
WEBENEL D720, Y03 YAG 72 EXMEEMELE L TR SN TV D, ZhbomiEt 7
v 7 ANTHEY R IR T A T S Z L CH ORI RRETH A EE X LS.
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1. [FLHIC

PERRE T, MEOSEEV EED LTI, BRERKERAL, KEFEETLH V=T =2
=Lt TWD, 6T, PHEEREGEICRD COHEHEDL £ <. SO 15 00 10, 1k
FTHEDOKS 501 O COHEHEITEL TRV, PO EREIEL CO JRHENZ VW EETH DL, =
OYEARBEE BN T H 7 U = ALOBENE £ - TR Y, EARREIERD COHEHED R %
DIERED N TN D, COy FEHEAFTMT DBRITIE, A v X R T = _R=2 2RI T
WD « HAD COHEHIFHAIBNFEH SN DD, A Ry F U F—F_R=2 gk EN TN D
CO, EHEHNL DL IHEFE T L— RO TH 0 . PEERIEICH O LD BE O3 - H A
D COHEHFHAIITIZ & A E 70, YRS L — R CO HEHFHAAT AN 70 1T AU, - R 5 )
5D COHEHEZELFMT 5 Z LIX TN,

AT, 7oA I alb—ra VEIGH LT, RS AW B D3 - T AD CO,
PR AL 2 5l 5, P8 RELEDOMBI T AD—>TH DT h T FF 7 (TEOS) &%f
BT, AL L— R8RS L — RO @i E IR OB T o 2 2E7 kL, CO, HE
HEOFAG 28 LT, ER S L— RO CO HEHRBfr 2 HEET 5,

2. itEAE

TEOS (%, FEERIEICHV BN L REN LRI CVD HOME TH L, ZHETIC, Fx D
WFE 7 N—7"TlL, &/ Y 26 TEOS BT 2856 & Wikic & £ 2 U 1775 TEOS
BT 2B ONT, TR —HEERES CO, HEHEZFHMEL C& 7= D, Z Z TiX. TEOS
DOREEIT 99.5% LFHEZETOFIH) LFRE LTz, —F T FEARIEETHW S 7201213, 99.9999%
(6N) LU EICEMEL ST HLERSH D, 2T, 90X 99.5%0 5 6N ~DEHMEIZFR Dk
W7o 2DET ML E CO B EDFAL 21T > 7=,

TEOS O fifE L 2 B¥pECIT 9 L% E L7z, 1 Befit BITHERMEARMB OBRETH D . 2 BFEHE
IXEBRDDOBRETHD, WTNLRENEEC L VEREZITY L LTETAEERL T, BRI
MR 3V X — 1R L TEOS DA EZE L T, TEOS 1 kg H7- Y OFEMEILIZFE D COxHE
HiE: [kg-COx/kg-TEOS] % ¥t L 7=,

3. FTEH#R

TEOS Ol Lo 1 B H OfERMEAMY & L C=¥ 7/ —/ (EtOH) %3 E L7z, EtOH &
TEOS I AN K E <, Fz, WL IFE LRV D, A S IC TEOS % @Rl R TR
THZLENTE, 2 BEROERBKRS OMETIE, WINFIZ I TR & & Tomih gk
IR ST TEOS &M a4TH ERRE L=, TEOS LAY, LB AEZENH D Z ENDHR
DN BEDT N2, — T, TEOS DEIER (FWiZ 5 & TEOS ® 1 247) 5 CO HEHR
WA BT 2 2 R brole, AEIOKE L, @EICHE D CO P EITZ VW2 &
5. EEARLEDTHM AT 9 BRI, L% L— RO COy HEHFEAL & Bl LI 5 COx HEH
BEEEDODETHWAMERHD Z EE2REL TS,
5|FAXH#R : 1) T. Nguyen et al., Ind. Eng. Chem. Res., 2019, 57,2192-2199.
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2030 4E, ERHE 1 JRK RVICET S Z ERRAEN D, KEEE) & PFAS Bl A3 %7
IR Z B 72 b LTS, SEMI T, FEAEDEBEEARAMKL LT, Y AT TV T 4 - A =27
T4 7 HIE LU T, Rt ATRE/R LS L RPERE OB B A HEE L TV D,

2022 A 11 HIZHER L7z SEMI PR g d = > — 7 . (SCC, Semiconductor Climate
Consortium) CiX, FEAED 7 a0 —"NH 7T A4 F o= — 2 2 RET 5 90 +LLL EA3S - HFH L T,
IRERNR A AP EOHIRE, BAERE, BRI 7B a2 mE s Tn 5,

F72, 2023 4 11 A, SEMI & SCC i, MO8 RpEIIC X 2 RFEPEHENIRE HiE LT,
T OT RIS BT DIRRB TR F—IREA L RE ST 572D SCCRLF—a TR LA
7 47 (SCC-EC) %% L7z,

AGHEH TIX, SCC, SCC-EC DR LiEFEHE 2175 & & H1Z, PFAS (ICBH¥ % SEMI DX
DI DONT HFENT 5,
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The embodied environmental impact of integrated circuit manufacturing

Lars-Ake Ragnarsson, Imec, Kapeldreef 75, 3001 Leuven, Belgium

E-mail: Lars-Ake.Ragnarsson@imec.be

The manufacturing of integrated circuits is a very
complex and energy demanding endeavor using
many process steps, advanced processing tools and
infrastructure. It is estimated [1] that in 2020
~177MtonCO2eq was associated with chip
production. This is around 0.5% of the total global
emissions. However, due to the very strong growth
of the industry, its emissions are expected to double
in the next 10 years, thus significantly increasing
the relative contribution and making it extra
challenging to meet net-zero goals by 2050.

To take actions towards reduced impact, it is
imperative to understand what parts of the process
and supply chain contribute the most. To gain such
insights we use imec.netzero [1], a bottom-up
virtual fab model built to address such questions. It
uses process flows, process tool data and fab
models to model the environmental impact of IC
manufacturing. Shown in Figure 1 is the total
emissions (in CO2eq/Wafer) for various logic

technology nodes by process area. From the figure

1800

=

& 1600

o

E Thin Film Deposition
E 1400 ® Cleaning
% 1200 B Metrology
= 1000 B Logistics
s m Litho

@ 800

E H Implant
" 600 uEpl

E 400 W Etching

“g’_ 200 H Diffusion
A HCMP
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Figure 1 The total emissions for IC manufacturing of
different logic technologies by process area. Results
were produced with the partner version (3.3) of
imec.netzero [1] with default settings and includes
wafer level packaging.

it is clear that a) more advanced technologies have
more associated emissions than older technologies,
b) different process areas contribute to a different
degree, and c) process options have a large impact
(N7 vs N7_EUV [1)).

Similarly, using the scope definitions in [1], the
impact can be divided between the Fab and the
supply chain (Figure 2). The electricity (scope 2) of
the Fab is dominating the emissions, to be
addressed by sourcing fab electricity from low
carbon energy production. Next, the large
contribution of the production of materials (gases,
chemicals, wafers) shows that for efficient
reduction, the full supply chain must work together

to reduce its climate impact.
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Figure 2 Pareto of emissions by scope for the logic
technology node N3 (from Figure 1). The inset shows
the relative impact from scopes 1-3.

1. L. Boakes et. al, IEDM, San Francisco, USA, 2023

2. [Online]. Available: https://netzero.imec-int.com.

3. Greenhouse gas protocol, [Online, Accessed 24 06
2024]. Available: https://ghgprotocol.org/.

4. SEMI (SCC): A White Paper on Transparency, Ambition,
and Collaboration, [Online] [Accessed 24 06 2024].
https://discover.semi.org/transparency-ambition-and-
collaboration-white-paper-download-registration.html.
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The EV shift frenzy was a mistake after all.

Touson HBNHERMGAFZEAT RE BEFERK

Touson Automotive Strategy Research Institute Toshio Fujimura
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The present location of the battery for the EV
EHBB' O/ BhL!
AIST! oHironori Kobayashi!
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Next-generation power semiconductors and power modules that contribute to

down-sizing and higher performance of inverters for EV/HEV/PHV
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Automotive Environmental Emissions from a Life Cycle Perspective — Well to Wheel —
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Atomic Layer Deposition using Highly Reactive Reactants and Precursors
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AT E HIBIZ &K B ALD precursor O RGBT & 9 FE&Et
Reaction pathway analysis and molecular design of ALD precursor using a universal
machine-learned force field
Preferred Computational Chemistry
Yusuke Asano

E-mail: yusukeasano@pfcc.co.jp

Atomic Layer Deposition (ALD) is a widely used process for forming metal thin films in semiconductor
device fabrication. In this study, we analyze the surface chemical reaction mechanisms of ALD precursors
using a universal machine-learned force field known as the PreFerred Potential. The insights gained from

this analysis have led us to propose a method for more effective molecular design of ALD precursors.
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Room-temperature atomic layer deposition and its application for combinative oxide
deposition
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Yamagata University
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Observation of competitive adsorption of DMZ and TMA
in sequential adsorption of room temperature atomic layer deposition
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Fig.2 Timing chart of sequential adsorption.
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Fig.1 RTALD system for Zn-Al oxide deposition. Fig. 3 Al/Zn atomic ratio of the Zn-Al oxide film

as a function of the TMA exposure.
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High-precision in-situ monitoring of ALD adsorption and reaction processes using QCM
RABRI' & F# ', (U0 @' £k &' 548 Hah ', OFE =i
The Univ. Tokyo! Wu Yuxuan', Jun Yamaguchi ', Noboru Sato !, Atsuhiro Tsukune !, ©Yukihiro Shimogaki '

E-mail: shimo@dpe.mm.t.u-tokyo.ac.jp

Jif-JEHERETE  (Atomic Layer Deposition, ALD) 1%, JFUBF T A & UG HT A & HITHEE L, FEEY
ADREEAFIRAE ZFIAT D720, ~ 27 v/ 7 a REEY—MEOHNELIZ T 2 ZEMEICE,
ARG T 1 R 2 HDICRI AR EA TV D, ROREZ S 2 BARRY 72 ALD 7'ek A3
(UL, OB A« B AT AD B TE St SR G DS B 725, 1K, S TEERAMITRFT S C& 7
ZNHOHEIEE, WA - LBk, i SOSHNTIZ K0S H AT T 5025 Rl e 20 FE 1T h
W7 R ARMEEZRE T HIEICLY, MR T AR EITZ D, EOTOHIZIE, Quartz
Crystal Microbalance (QCM) 75 L7 A & in-situ JEDBIEFITHH THD, QCM 1L, 74
=Y IYREVERR PSR HERE T 28, 2O T D2 e AR H L CHERSE 4
FRF 2, JEPR A EHERE S O BIFRITIRITR T Sauerbrey DRUZIDFEE LD,

2f,? Am
hapy A
ZIT, fold AR (Fex BHVDOIE 6MHz), pg 3K OEE (2.648 g/em?®), pgldiK
g ORIPEZR (2.947x10" g/(cm's?) TH Y, 1Hz OFEEEELAFIE, 12.2ng/cm? O HALHAE Y
720 OEEZEAAM/AICAYE TS, QCM JIEICH T DR E LT, BB HREEL
B72T T2 HREZBIZHIFFITHBUZ TH VD, FHZ ALD OEE I AT ATV HEZIZE Y QCM
DIRELALNAE T, FAERBECICEEL 52 TRBIENNEEL 25, 22T, BxITER
FERE D=0\, RIS D74 =Y 7 VRZ NV OIRESCH ADIREEBEMRILZ, £7, Z7UAZL
DU EE (AT 71y MA L) 228 2 D, AL DR BRI B ble 1R BRI S 2 b T2
7eD, ALD e AR EICHE L2 7 VANV AR LT, IREEBOTDIZ, TADTEE Z3RT A
AN ZN LD E LA LA IS 7o, £, WA - SR EERO R HO7-9121%, QCM
WE DR FRED HEE T D, HEROWE CTIXIE ST, 10 B/BFRE ThHo7-03, ME DY
YRS JVIEAE B i BE R 7 v 2R WA Z LI LD, 2 e mE b, Wi - ROSEfE D
FEMT AN ATRE L Fn o 7=, I E B E LA LI XN — R A7 OBIRICH D720, Bl € S 2 it Lz,
Zib% ALD OB T BEATHD, NATF LT AI=T L (TMA) LKZES (H0) Z AV
72 ALOs-ALD DRI TRATEAT 72D T, FEflA KR T D,

Af = —
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COSMO-SAC ;£I= & % ALD A& REEHDATIEHH
Estimation of Vapor Pressure of Metal Complex for ALD by COSMO-SAC method
RABRT COP)&Hk & (D& F&, P)IuO @, H4R 2H5h, FBiE =%

The Univ. of Tokyo. !, °Noboru Sato, Wu Yuxuan, Jun Yamaguchi, Atsuhiro Tsukune, and
Yukihiro Shimogaki
E-mail: sato@dpe.mm.t.u-tokyo.ac.jp

ALD (Atomic Layer Deposition) (FfEHE7 3 RoTHE T L TR L~ T — 7ol 4 HERE H

kD, FEARE T 0 ACBWTER SN TS, ALD Tik, &EEE S L TS R
EBHNHILTWD, ALD (T K 5 RBERE B B R ORI L > TRESEDLDLDT, ka7
B BEEAR DB THOI TW %, ALD (TR R CTORUEHAS fafn 2 FH L7 <0 7 7 & 2
Th oD, FEZ BREMEETIMNERSH Y | TOTDEWVARIEDOBEIEIRD LD,
—ODOHREBIEEROGRO - DI AL OB 2 ET 5720, BEHHEE2 2 TH
B - BRETT 2 2 STk RV, AREE TRT 5 FIEO—2IZ, Lin HIZ KD COSMO-SAC
(Conductor-like Screening Model-Segment Activity Coefficient) {:23% 5,

Amsterdam Modeling Suite % F\ T COSMO-SAC JEIZ L B & BIROARKIE T ZITo72 & =
A, —EbAESEADZEKIE A 100~1000 f5#E/ M TR Lz, AR CIXZEKTEHEE ORI 2 1M |
SE D72, kD COSMO-SAC HEIZ 3 DOFIRAZEM LT, KIZHERD COSMO-SAC i (H R
A1) &2k R COSMO-SAC £ (IRHD) DX Z7~d, fEkD COSMO-SAC £ TlE, &R0
easp (THAFHEAEM Z 5T 572D ORBRA /T X — ) 72\ 2 O 53 HE BAE 203 L
TWEATREMED D U | eap Z AT D IERBROFIEE MR LTz, EONI R L HER S 5 Z &
MEIBILTND DT, g bOMREEFENH D & TRILTZ, TAIZLUTORTEEINDeayp 57
=R OB 2 R L7z,

edsp=1035xq!-34
I Tal3B FADRTFORBETH L, @REERTOSBFE 7O o Z3H L, ZORITRAT
HZ LT ENENDOERBIRT Deasy & AR S o 72, IRIT, 7T D3RI & 73 F D3I DN T
OB BAEFNC X DIEMEAREL (yap) ZIEIE LT-, Bk 228 R R0 EBRASITE L HEERKED I
AR LTS, ATREERKIEEK 50%005 200%DFEE CTHIL L TRB Y, &E#EAM ALD 12
WL TWDENE I MEHWT DI+ Th D,

BT R ;’;ﬁ;-ADFTEﬁﬁm-w?ﬁ FREK(~1/1000)

AN A—BDRE PUAREGRIAE= " lommm &
& ol wwmEmz A
GussanTFALESL | AFHEE | [surmER| 20 ape O
LROAEENSHEH [CEBHBE | | IZEHBE b P

12000 r ¥ m
Qco=0co(amd)2™%amd X 2 § ot oo } *,g % 4] ;
\ i 104 I Lo .
€co X (1(:00'8 o n“‘. w w0 %0 A : 10 1:00 o o
Polarizabiltya (Bohe’) S AREREE(Pa)

R S
S
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BRFEIvFUIIZEITERIEHRBIED T
Surface Reactions in Atomic layer Etching Processing
PBRABTT, CFEHE —it, FEE &F EA €8
Graduate School of Engineering, Osaka Univ. ,
OXKazuhiro Karahashi, Tomoko Ito and Satoshi Hamaguchi

E-mail: karahashi@ppl.eng.osaka-u.ac.jp

HREART S A ZADOHEIZ & b e WR A8 L~ TOR - EHEFREALD)IC N 2 TR @ v F
v Z(ALE)DEHEEMEAH LT\ 5, ALE TR FEREOE S THOAF LT 2 Kifn UG E DK
BLOREBRBLBRYIELIT) ZETRFELAALTOZy FU 7 2B L TWD, FITKIAEK
JSEE LTHIH L TCW D old e 7 Akfg GREikY, 7 o1k, BbkE. B X O0E#S REE
ThHY, ZNODORIGEIZR L TRZ RAF—A 4 BRECENE & L < DO SISFE DO FEIZ X
DIFE SN FROSZRIALTWD (K1), Zokd, FTHMEHIRT 288 E, &t s
FHRITDHZENAREE 2D, L LARARD, ALE Z2FEH L TV D EHT ALD 2R TE LA
72< . ALD L I#E2 0 S EORBCRG T vy F U IRISHMEIET D, LIehi-> T, KifiE
BT DAL FOE 2 BFET 2 2 E BN OSTEOERR B L7 v ZAFARBITIIARAIRTH L, S HIZ
BTy F o7 a2l T oEMMEMERORR G BERREL 2> T d, KL ¥—5FE
T A FUEITHE S DR MRS TIEB) = 1L X — KA LM BT A G A EE
T, =X —HIE U723 SOS OB N B & e b, Fox i, BARTL U OS2 RATIC
HE LRI RN 2 B — 2 E R A AW ORISR KON ERDE 2 BHEIET 5 2 & TK

7T 08 RIS A I L, 2 oA 7 LT 7 (9 2),
BIE, BRI L0 SISy 1 L kR
BT 57— NEBEINO>DOH L0, EOR
FIZEE o LS 20, 5%, SRR

REEORER ®ORCBE

RFRTvFLYT

BHRER Vool o |

OO0 00 . Q0000000
RRR = e QSRR

1R (Z1E) RORR 2. % (i) BORKRE

. wn ] HTAEYFL TR RREORDCT D
. acs 1. EREICT — X 2RI 5 AT
S B LAY 2 - LT, BRI ERESICHET S

1. A ( B EORK 2. W& (EHE DkkE

RERE (RIGFE) FEHETYFLY
NASFAER (F Cl etc. ) 5B @8EML)
E1LRE RICIER TR
ARiLE?H BAEMTYFT
HA—TDRE (A1 BRED) RIS FE R ST l
BT (BFRIMAE)
hiESF (BRDTF)
142 (ETRLT—)

DIRB—(AF 2, Bff)

M1 JitE=yF> 2 (ALE) Frt=x

© 2024%F ISRYMEZ S
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©
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9 N8 2 8o BCDG’
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AFYILF AT EFALTE NV EBRTSFATDXEY LV LERLD
DR FEBT Y FU
Atomic Layer Etching of Cu Using Alternating Cycles of Hexafluoroacetylacetone and
Oz Plasma
B3L/\A 7% 1, Colorado School of Mines? °f1#& g5 !, Andrew Kaye?, [EH ¥ !, H EH# 1,
BIE BEA L Sumit Agarwal?
Hitachi High-Tech Corporation !, Colorado School of Mines?, °Yusuke Nakatani', Andrew Kaye?,
Yasushi Sonoda?, Motohiro Tanaka?!, Kenji Maeda?, and Sumit Agarwal?

E-mail: yusuke.nakatani.dy@hitachi-hightech.com

A= v F > 7 (ALE)IZ, Cu X° Co @ X ) 72fl#iém % & T 8k T N 2R IZB8\WCE
TR Th b, ZNETIC, ~AFH 7047 vF L7 E b (hfacH) & O, £721% 03 % 275 °C
THA 7T % CuDELALE B S CW%, hfacH 1L Cu Z BRMIC= v F 7352 ENT
P, CuRMOBBILBMLETH DL Z L HRENTND, RFELTIL, hfacH & OJAr 77 X~
DY A 7 Vi RNz, 150°CE WD EH 72 HIKIE TD Cu D ALE IZ2WTHET 5,

ALE 7' & & R, insitu SRR 5361 (RAIRS) & FAWTE =4 — L7z, ALE |2V H |
300 °CIZFF L= Cu 7 = nE Ho 7T A~ AW TERIC L, £EO HARMLIE, REEE, B IO
W RALKFEZRE L, RIS, BILShiz CuRIMB L0, 77 X~ I2 L 5 HRR{b#%OEm
DZENZIND hfacH & OEMEE 150 °)CTRER L 7=, WTINOGE S RIFART F RN T,
CFs (1240cm?), C=C., C=0O (1645cm?) #RENZBAE I~ 5 WU N RABIAI S Tz, Eoos iz
Cu £ TlE, C=C & C=0 O/ FIFIEHFITHI <. hfacH Do3fE» /R"ME S 47z, hfacH 1% Cu % H
NIy F o 7 LIV T, ZhE hfacH OWAEIZIT (b Sz Cu RINBLETH D Z L &R
LTWD, AR ART FPANBIE, ALE U o » RUBIEFITRN L RSN TEY, =y
F o7 b— hE 125 °CE L VN 150 °CTOAME TE 72, 125 °C & 0 KV EEE TiX, hfacH 1% CuOx
RENZWAE L TWDEN, =y F U 7 HEKYM TH 5 Cu(hfac), 1 L OV H0 ORI IR 3R +43 72
AEEPERE N E BRI ANLT MV L0 hotz, LIeido T, §i 02 7T A~DN—TH% A7
VT, BT hfac U A v REBREL, Riixd S HICBLES DT Tholzizdh, ALE BHEfTL
2oz, 150 °CTIE, il OMR(LE L O Cu(hfac),, HO0 & L CTEEMND CuOx ZFRET /37
ANMESLEN D, 125°CE 150°CTD 1 ¥ A 7 b= D v F o V&I, ThFN01ABLI O
0.7 AThotz, 150 °CLY MR TIX, WML WEMLIZ LY Cu R I B R L TVD Z L BNFT
MIABEMEECE S, =) 7Y A M) =TI CUEARETE RN L3 o T,

© 2024%F [CRAYEER 100000001-224 T21



18p-A23-10 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

J)E—FMBETSATIZLBDSIO. LDHEEST S 7z V0RIRMERE

= Selective removal of single-layer graphene on SiO2 by remote oxygen plasma
L5 | AEEAL BXERTSXTC 8 WA B @ ThiThuy-Nge Nguyen,

gﬁ-‘.J’_
v B2 ¥R B2

Nagoya Univ. !, Nagoya Univ. Ctr. Low Temp. Plasma?, Liugang Hu!, K. Ishikawa?, Thi-Thuy-Nga
Nguyen?, S-N. Hsiao?, and M. Hori?

E-mail: hu.liugang.k5@s.mail.nagoya-u.ac.jp

EUDIZ 7T 72 _X=AD FT U P AL OERFFIIRR CORGREBIEL, KEBETOR
BEILHD, BEZ 772238y Ry vy 7emnd vy UTBEIERDH Y | EHENT
THEF TV EZ L0 L, L, 77 7= (DLG) O/ R¥ v v 7I3E
BT HZ ETOMND 025 eV £TEETS [1], 1T, SLG #F v RMMEH T, DLG
Y —=AFLA NFIATE D, LIER-T, V77 =2 VEFT A ZADORETIEE O EfE 72l
M, F/NRDO X A— L SLG OFFIRIBREN AR, Z OWFFEITIESRE T 2 O BRI & DK
JRIS, T okl R BEMEE (AFM) . B LY X BOEE T kE (XPS) 12 X - TR
STz,

E VE—NMNBERT T AV, MNDIBETAZHER LT~ 7 aj (245 GHz) ¥y BT «
THAR S, JiEl 2.5 scem, [E/IFAK 5 Pa, BUHEI A 1.5 W RNGICII R T2, ~A 7 0wl &ES)
50 W T, 77 X~&AK L, HENDEMIE £ COMBEX 290 mm, HRIBFEERIIZ, 0205
120 53 & Tl S viz, ALFERMERE SN2 7T 7 = (EM ¥ v /3| G-45R-4) MMER Shiz,
COMERTIE, REBEBRDS T T 2 — hda—TF 4 vV SNERY v —CiEE SN, £0%
SiO, B ZHR G S 4, SiO2/Si e 12 DLG 2 E sk S iz, 3k A XL 5x5 mm?2,

it R L B8 1) D AFM 4 & T4 o F a7 7 A4 ik v, SLG fElIE 120 4y DEEFE T 2 L
DIENZ LV 72 < 22 o7, K9 0.7 nm DEZEDRD 3R S #v7z, ¥ 1(b)? SLG #lk D 2D /N N
DIk & DLG fHIK D 2D /N> ROFIEIC XL D | SLG OFRIIDOEREIIEETE 7 ¥ A L BRFHRERE] O Y
IMZ RV T Lie, BA&IC, XPS e EORERZMZ T, 777 = VREDKMWTERR E T T I &
DG A T = A BN CHERT D,

Fig.1 (a) PREIAIRRIEI UAZECTO AFM B E T A 7 a7 7 A )b, (b) MBS+ SLG & DLG 12k
J5 7~ A7 ~b,  [1]Y. Zhang et al., Nature 459, 820-823 (2009)

© 2024%F [CRAYEER 100000001-226 T21
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FE8SMLAMELEUTHMERS BRTRE (2024 KEAYEEI2RIBETVI(Y)

BREZEMICE TS RF 75 X< 0§l & B-Ga.0: EED ALD L&

Evaluation of RF plasma in chamber and ALD growth of B-Ga,O; thin films

RKBRAKXRT' CF% @K', Wl &Y', Ak £, 587 K, BH £

Osaka Metropolitan Univ.!, °S. Atal, R. Ichikawa!, N. Keigo!, T. Yoshimura', N. Fujimura!

E-mail : fujim@omu.ac.jp

(XU DIZ] AFIEETIE, ALD KEHFICMBESCERO S T A~ 2B s¢5 2 L ¢, H,0 &
W2 ALD iR SREE L STV SB-Gax0s DILE A FIREIC L, EHIIT 787X THLEHRZ N
— VBT AR EME LT ALD EEOHKEEZIT-o TS, ARLEEIT, F v o N —2IRICE

(Z ALD JFUEHCRRILIE T % H0 DEANARETH D, £ DT, HFFE=EIT
BiA O ALD & (GEMStar XT-R™ : & T v >/ X—ZFFEK 11200 cm®) O
BEZ 1/86 DZEMNT ALD & 77 X< BN THRETH 5 (Fig.1), 45 ElIL,

REZEMICBIT DERBLOMHRET 7 A~ DFEMSTEITH, EDT T X~

[EBRGERORER] 7 v N—NES% 239Pa, REENZE 20W D 0000y vy
S THEEREL LETBH S, 2 OZRNORIIHTEIT 572 _ ot ]
FERE Fig2 1T, ZOARZ MU, @E O RF KEIC X > TE i ]
CHERT 7 A< THEBSNDITIRER T VU0 LiTaL
B RREZERT 7 A~ THRE STV 50 HIRESRTEVERE ISR
KTHHDTHDLEZEZDLND, w7 TIREREMERE (N, 2™ positive A

Fig. 1 RF plasma in
DI X9 5 BRI L CTRET 21T o 72, ALD area.

6000 | R

4000 - R

Intensity (counts)

2000~ =

200 400 600 800 1000

sysytem) (X=EIR T Si (LA ARE/R 66D CRISMED FWEHERTH 5 Wavelength (nm)
729, B-Ga,0s DRMEE(LS ALD ik E (B2 F—E > 7) IZBW\WTH

AATHL ZLRWIFRFTE S, £/, RF EHNEZLSHE TN, 2ps

(337mm) OHEE T E v | LEERE Figd [ORT, REST—0 0 /]
BNCAE > THIECHRETHIML T %, REBEAZ 10 W, Frors S ]
—WNIEH% 150 Pa & L72 RF 77 A~ % (100)EBUCHRE L7z, 20 S .- ]

HE 0D Gax0s FoARZZ IO AFM % % Figure 4 12753, AFM Hgins s ]
ﬁgj‘ Eﬂé RMS @i 0.24 nm VC‘\&)O%CO Cﬂéi@@“(ﬂziﬂiﬁi‘%ﬁk 73:’3 0 zlﬁ 5‘0 ?IE 100 125 150

Fig.2 OES of the RF plasma

30000 -y AR R

25000~ =

RF power (W)

Tj'/s D ~ NZ ZpS Z)S‘i%ﬁqziﬁll\im I_{:TJL&:%&:’%‘ L/-(l/\é & %i Ej’béo Flg. 3 RF power dependence
ML, B R DM DT T R B L b bl 77 % foethe OFS infensity of No 2%

~ ALD OFfER & E O THRET 5,
(adr] AWFZCIL. B4 TICT EAHEINOMERE Y =2 b
(JPMI00316) | . JST CREST(PMICR20C3)#5 L U8 JSPS | fff %
19H05618 DIl & F 7= b D TH 2,
(2% 30ik]
[1] M. Higashiwaki, et al., Phys. Status Solidi A 211, 21 (2014).

ps.

[2] L. Dong et al., J. Alloys Compd. 712, 379 (2017).
[3] R. Hayakawa et al., Thin Solid Films, 506-507, 423 (2006). substrates after RF plasma

© 2024%F ISRYMEZ S

Fig. 4 AFM image of Gax03

irradiation.
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GaCp*Z#RL\- 248 GaN BEORFEHE

Atomic layer deposition of polycrystalline GaN thin films using GaCp*
BHELER KA X—, BIF BE
Kojundo Chem. Lab., °Fumikazu Mizutani, Nobutaka Takahashi

E-mail: mizutani.fumi@kojundo.co.jp

ZH VY UL (GaN) 1E, WO NT —F g AT OMELE LTHEEBEN TS, T8
HeFE (ALD) (X, B UL ORERIEN FHE T, MAMOMEEZHE T 2N TH D | Hix
7¢ GaN D ALD 3G ST b, L LERR L, IsK s Tns Ga 7' 1—%o KU
AFNANTY T A (TMG) HDHWEL MY =F Y v A (TEG) (IZX%D ALD DiGH ., fhisatEd GaN
A 15 5 121%, ALD Z EiRTIT 9 2>, ALD BRICEIR T =— V%17 5 72 EOBULEL R L ETH -
720 F72. TMG R TEG AWV 541X, 38\ Ga-C FiA ZH o720, C A DEANDBKEL H
%, AETIE, 7V =P L LT, TMG X TEG O3 0 12 CIRADIEKEAHIFF T 5 GaCp*

(R F AT uNeH =Y U L GaCs(CHa)s) & T, iR iR 200 °C T ALD
AT T ROV THET 5,

GaN HIEOHERE X GaCp* DB T Z Wil S 57280 NHz & Hy DIREHT AD T T X~ L ZE(L,
DI=HD N, 77 X~ % iz ABC HLd ALD 5L T1T -7z, ALD 1%, BREE{LIEAT D 150 mm
Jar gz bl GaCp*—NHy/H, 77 A~—N, 77 X~%& 14 7/ LT, lEIRE 200 C
TIT->72 (pPAHpN), 723, 77 XA~IZ L2 AR LIEOHEEZ MG 579, [F LT GaCp*% H
WC, K9 0.4 nm @ Ga0s A HERE L7- BIC GaN A AL L T 5,

GaCp*:0.2s, NHy/H, 77 X~ :15s, N, 77 A~ : 90 s THIFIAHER S v, R 3B 1349 0.043
nmicycle Th o7z, D7D, KISHIE LT N 77 X~DH (pN) BEL W NHa/H, 77 X~ D
Z (pAH) Z V7= ALD Z4T-72 & 2 A lEREIZZN LT, £ 0.022 nm/cycle 35 X T 0.009
nm/cycle & 720 /X< 7o Tz, ALD Y1 7 Ll GaN FRE ORI AKX 1 12789, pAHpN
@ ALD TIZEHRMENIEF 12 B VA3, pN <° pAH O ALD T & EAPEIZIE & A EELS 2o TR,
LU G, SIMSICE Tt LizE 2 A, CARMBOEIX, pAHPN>pN TH -7z,

2 \Z pAHpN T 300 A 7 )LD ALD %175 7=% v 7 /L OliE TEM #4734, 3T — K
K[RELINTWVWAHIDOTEIIMBILINTLESTWVDIN, NEIZEFESETHDL Z ENnbnbd,

ZDEHIT, GaCp*—=NHyH, 77 X~—-N, 77 A~ % 1 A 745 ALD (2L 0, KER
FE200 COKIRTYH, 7 =— N7 EOREIREMLIEEZ L7 < TH LA MmO GaN ER R TE 5 Z &
VLY SYIEEoY

AWFFE DR FEHERE X, RS T~V 7 ki) —F A 75 ) FE GREES
JPMXP1223AT0273) DB %%1T 7=,

15 -
£ o’
£ _.' )C
o 10 F [ ] G-CCF
wn ® 5
[1}] . e/
£ ¢ .
© . Xe
"-E 5 .‘ + g
i o
-'.m‘”fp
0 bl » »

0 100 200 300 400 500 600
Number of ALD cycles

Fig. 1. GaN film thickness as a function of Fig. 2. Cross-sectional TEM image for GaN
number of ALD cycles. film grown by 300 cycles of ALD using
pAHPN: @, pN: (), pAH: pPAHpPN process.
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ALD & ALE 28t L -ERiRHE Co BEMR T+ R
Highly-Selective Co Thin Film Formation Process Utilizing Combined ALD and ALE
RABEI t CluO A &k &L 3R H6h ' 5 @ |/E F=E!

The Univ. Tokyo® @Jun Yamaguchi %, Noboru Sato %, Atsuhiro Tsukune %, Takeshi Momose %, Yukihiro Shimogaki *

E-mail: yamaguchi@dpe.mm.t.u-tokyo.ac.jp

ULSI B2y 7 73, ZOMHMEICHEYY, Cu Bl IC 3BV THET EHIC K 215 5B IECIH &
HOHEM, =7 ha~A 7 L—3 g U(EM)RHERIETRFEIE(TDDB)IZ X 2 E AL RiE &
o TS, ZHDOEREICK L, BIRE 70 227G Lk % 2206k « & o #r %
DHED BTV D, Bl 21X 1 1ITRT K 9 72, (1)EIR Co ¥ v » 7EL(MoM; Metal on Metal)!, (2)
EER TaN XU 7 akK(MoD; Metal on Dielectric)?, (3) Fully Aligned Via J25%(DoD; Dielectric on
Dielectric)® 72 EAFZEBRFE SN TV 5, (1)D Co F v v 71T Cu Fefifiz % v ~ 7 fim 0% &
ZUGEL EMItEZ R E S5, QORI Y 7ITPROEW TaN & B 7 EHBICHER S 8720
ZEIZRY ETHERA RS T 5, Q)D FAV I v F U VIR O S WOHERIE A TER L 7 R —
NDIAT TA AL MTE2 TDDB il ¥ 2, 20X 5 ITRIRGRIZT A AR LA b
=B L, BT A AR A EEHIFO—D2TH D,

AREETIZTERLD S B, (1)D Co Fv v 7D MoM B IZHOWTHRET 5, Co Fv v 7T,
BLARi] U — 7 B 25 E U2p v &5 (KFE R =R R (low-K) LIZ B &5 2 L 72 < Cu Fdik 1
DIITRIRIT R ST HERH D, 14 nm / — RLUBHREICE S £ T, #R CVD AV
Co v v TN TR TH L0, SHBDOI LRLMMMEEZ R 77 AR —F ) 7 1 ik
PROTZDITIEINMER FITEETH D, £ THAIE, M2 18378918, THIUS KD RSHEER
G LT8R ALD &, SERRR BEIIC 31T D HIHIRZ R 21T 5 ALE Z OF ] L 72 @@ RME Co & v
v TR T 8 A OV TR L7200 THlET 5,

(1) MoM Metal cap (2) MoD Barrier metal (3) DoD Fully-aligned via
Metal cap Barrier metal =

ILD | Cu » ILD ._I r ILD Gy »

Cu

1. ULSI BCHE (236 1 % IR B iy o0 J F A1)

g (a) w/o ALE (b) with ALE
g o ALE =+
g-k low-k low-k A

ALDN  ALEX ALDN _ ALEX
e

a® s B
low-k g-k |-
ALD cycle ALD cycle

2.ALD & ALE ZfFH L7= Co B E 7 n & 2

[1] C.-C. Yang et al., IEEE Electron Device Lett. 31 (2010) 728.
[2] S. You et al., 2021 IEEE International Interconnect Technology Conference (2021) S2-5.
[3] H.P. Chen et al., 2021 IEEE International Electron Devices Meeting (2021) 22-1.

Co thickness
Co thickness
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Co-ALD AR RBIED RFF AT K EDBEE
In-situ observation on the initial growth of Co-ALD by optical reflectance monitoring
RABRRI AFE&4, SHES CEEEMS, WWOM EHKEZ FRHEL, SHEE BESES
The University of Tokyo, S. Kimura, K. Yoshida, °N. Tamaoki, J. Yamaguchi, N. Sato, A. Tsukune,
and Y. Shimogaki

E-mail: tamaoki@dpe.mm.t.u-tokyo.ac.jp

Mok b3 T B R RS 7 1 R 2BV T, R LV ORI & ARG e o
RV CEEG NE —= 0 VRGBT D AS-ALD (Area Selective Atomic Layer Deposition) 97 737F
HENTW5, AS-ALD [FEEN ) T-OWE = RV F — 22 R L CEIRNEIZ O BRI AT 9 23,
BT, HDOAROBIERHE (f % 2X— 3 VEE) Z2f8 5 & ISR T BB B 45
SNTLE Y, &RmEEIFBINETOA U FaX—T 3 VIR OZEE RKRIL T DR EABLS 7 1
Y AZMOEBRNEE TH Y, REHRROZ OREERIT, - OEZR 2RISR T 5 2
EBTED,
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LN I RAMK T LAAD, Hi/IME 2 #7212 .S B OSSO B N 2 B 235 b le, RO
KTNDZA I TR AEICKIE L, MR L ClfR e 725 & 2 A TRVIMER & 5
EEZTND, UINERHEEEZEE LB R 2 L— g Vb e R IEINE 2 R R
(ZHATE U 7o A X 2 1T0R U7, K1 4 -OH #8559 2 APM LR CHII S MRt S v D — 7,
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B3 % DOEIZ LV | BB R ERC 5 2 2 B EE&(bT 5 2 LN TE T,
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Consideration of the effect of HfQ./ZrO; interfaces on ferroelectric phase
formation in HfOQ,/ZrO: nanolaminate thin films

RREEFBR WERERK
Dept. of Adv. Mater. Sci., The Univ. of Tokyo

EBER, BIMK, mAEA, ESEZ

°T. Onaya, Y. Sakuragawa, R. Takahisa, and K. Kita

E-mail: onaya@edu.k.u-tokyo.ac.jp

[1ZCIZ] #ih B HEZr <O, (HZO)R I 85
{b.(<10 nm) } ONF - JEHERE(ALD)EIT K 2 AR
MWHEETHH Z b, 3 WOLEREMFELRT
INA ZASDISHBHIFF SN TW5D, 2O HZO O
SRS A IE L E R E T EROWETH Y | B
A EME A D 720121 HZO RO S ol
HINEETH DH[1], —f%IZ HZO L L LT, ALD
FEIZX Y HIO, & ZrO, MEZ A HAZ B L 7=
HfO2/ZrO> 7/ 7 I 3 — MEXSHW LI TV S
2], —F. BAIFZNETICHf & Zr N E
D HZr 7 7 TV ALD JBEZ W5 Z & T
HZO BRI 2 TR LT=[1], AFZETIE, Zh
5 HZO DR TIEDFEN, B EM TH 5
O HDTERIC KT TR DNV Tk T Do
[SEBRZ0F] £9°, TiN A _E~ H,0 ZER kAl &
L 7= ALD £ X 0 JEJE 10 nm @ HfO,/ZrO, 7}/
7 I 32— MOV HZO BRI 2 AL LT, & D
. 600°C T 143, No XA RNz
B L 72, HFOy/ZrOy /7 7 X 3 — MEIL, HFO, K
N Zr0, O ALD JiUEFE L T4 %~ HEIN(C.Hs)CH3)4
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X FREHT(GIXRD)IC L 0 3F4f L 7=,

12000 12000

[k 3} ONE22] Fig. 1 12, HIOY/Zr0, 7/ T 3 %
— R K OVHZO BRI D GIXRD /X4 — 2 %R
J, E72 Fig. 212, HfO0/ZrO, 7/ 7 I 31— MK
D JEDIEIE & 30.7°F(UTITAiiE T 5 O, IEF7
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I, HZO V&R & [F% O O/T/C ¥ — 7 mig %
R~ L7, 2L, HIO, LR ZrO, DR L— K23
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EZIO,MEE L2720 ThHDH EEZBND, &
JE DIFIE 234 % 0.5 J2 Y 1 nm @D HfO,/Zr0,=6/6
KON 12/12 REFCIX. HZO AR L b T
O/T/IC B— 7 HEMnNEMmLz, —Fh., &
JEA2BICEINEE 5 & O/T/C B'— 7 gD D
U7z, Hf02/Zr0, 7/ 7 I % — MEIIEVLERE AR
TlEMEE MR L e T 2 & 03
HEINTWVWA[2], 22T, ZtOy X HIO, LV b
fE e EBAARIREE MK < . O/T/C HHEBELMITE
5 Z LD BVILVERETRE T ZrO, BN EE TR
AR U HF02/Z10, F 7 7 2 31— MEEIRD
b NEATTEEZ BND[3], (> T, ZrO;
28 & LTI & 3172 HFO2/Zr0,=6/6 K O 12/12
BT, HFOY/ZrO, FUa MM S ETE R S iz Z &
T O/T/C B'— 7 WA K L= & flim LT,
PLE XY (HIOY/ZrO, SrifICAEH LTTF / 7 3
X — MEEZZRFHTHZL T, BEEMHEED
O/T/IC DB EEHETE D Z LNy ino Tz,
(FE] ARFE D —H51E,
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[1] T. Onaya et al., APL

Mater. 9, 031111 (2021).
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Fig. 1 GIXRD patterns of HfO./ZrO,
nanolaminate and HZO solid-solution films.

. " s ; s [2] M. H. Park et al., Appl.

Each HfO, and ZrO, thickness (nm) PAys. Rev. 6, 041403 (2019).
Fig. 2 O(111)/T(101)/C(111) peak [3] T. Onaya et al., APL
areas of GIXRD patterns.

Mater. 7,061107 (2019).
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ALD ;£ THE® L 1= Ga0; BIED B R i#iE

Growth mechanism of ALD-Ga203 thin films
BRAXBEL Ol #Ed, & K, #H #£X
Osaka Metro. Univ.

°R. Ichikawa, T. Yoshimura, N. Fujimura
E-mail: fujim@omu.ac.jp

[IFUdiz] BIbH Y 7L (B-Gar0s) 1E, KRERNY RX v v TE2RFOZEND, NU—FT 34
AREENRBE T HE~DOICAPYRF SN TV D, f-Gar0s IO EIZIX, T A F CVD, MOCVD,
PLD FDFEND DM, i+ LV OEEREA vl ie 227 EHERR (ALD) 03 ERH ST D
[1-3], ALD J£ T GaxOs A ERF 2%, Ga 17U —H% L LTEL LTTMG BFIHINTE
0. BREIRICIE, HoO TR IR T 7 A= % <. BEFEMITEN T HO & HW 7o it 61
DR, ZHUE HO AMABH & RS L TH A FAENRESNTICAERELZ5 &SR I 0D L
EZHNTND4], ARFZEE CIXEBTE OO THOZERIN TRIES 5 Z L A T& 5 ALD #
BERR L, ZOEBIZBNT, BRJIZ HO % fVT HfO, A2 ERL L | H,0 Ofitii &%
325 2 & T TV A—F OOV AR Z R L7z ALD SREDFARETH 5 Z & 25 L72[5],
AL, HO 12 L A MEHO RENRE(L 2 M2 B (b AR T D 7= 01, BB S, BRLIR O HRa R
RES)E U THERUREH] « 328 2 i8] L T GaxOs {52 ERL T~ 5 Z & T, Gax0s R D sl RHEEIZ D
WTHRRT &R T 72,

[2BR 5153 K USR] (100) Si H44Rk 112 Ga0s il 4 24
ALD {ETIER L7, Ga 17U #—H12iX TMG, Bfbii
(21X HaO & 7z, R L 72 30k SR 58 25 P 5T, 800 °C
THEab T =— Vv &AT o7, BRA IR ERE 1T 120
Z 2 Tl HoO HERGRERUEAAMEICBI L T35, HoO it
Fa D7V AR Z 284 S TER L 72 GaxOs I D fE d i
12OV TC GIXRD JIE 2 W TR L 7245 5 % Fig.1 12
9, HyO 73U ABERIAY 16 ms LA EDEFIZ Gax03 )N
B L, 20 AR R O WS SR PEA [ E LTV B,

Intensity (a.u.)

20 (deg.)
CVDIEIZHE W T TMG & H0 & W TR 2 BXIZ H20  Fig.l GIXRD patterns of Ga,Os thin

DELERENE X GaOs HEIEAMBE MRS 2 = & films deposited at various H,O pulse time

NERE SILTWD[6], B TlE, BYBE ) OoHE KRS D A7 2 D e B0k <O BE 4 28k S TR
LR S B THE L. ALD 12381 2 iR SREETS & Wbt T 2 GapOs KD Ha0 2 v
T B OV Tk D,

[BEE] ABFZCIZ, %A TICT EABIOMZERIE Ty =27 ~ (IPMI00316) | DOBIfkA =T
bDTHD,

3TN
[1] D. Shinohara., et al., Appl. Phys. Lett., 47, 7311 (2008). [2] G. A. Battiston., et al., Thin Solid Films, 279,
115 (1996). [3] M. Orita et al., Appl. Phys. Lett., 77, 4166 (2000). [4] D. J. Comstock et al., Chem. Mater.,
24, 4011-4018 (2012). [5] T B, &5 70 [EIFEFICHYEZ, 17p-PA06-11. [6] C. Zhang et al., 38,
Mater. Today Commun., 108054 (2024).
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B-Ga:0; £ D HfO, RIKRFEWEFIRD ALD k&
ALD growth of HfO2-based ferroelectric thin films on p-Ga203
KERAIMLKBEL Omil B4, W 53 FZ X &8 K & £
Osaka Metro. Univ., °’K. Furukawa, R. Ichikawa, S. Ata, T. Yoshimura, N. Fujimura
E-mail: fujim@omu.ac.jp

[IZLCWHIZ] Gax0s1d, 47-49eV DREQRANL FF¥ Y v 72 L, 8MViem & D &\ iEixhE
FOENT Y T OVERRIER A RS Z &6  IRIRANT — 8k E L THERSA TV D [1],
F7o. HE REFAEARIE, 3nm BE OMERE CHRFEN 2R T 2 L6 2]. mERMRAEER S
— K R T U A ZFeFET) DI ANEFE ST 5, HIO, 1THELEF TH % Orthorhombic
(O) MHDOBDRFENEZ RS2, Y X Si R EDORHMY) F—' 7 BRERMDOIEH, ¥ v
IT == VWS FEICL 5 T OMHOLEMITOILTND [3-5] AFEETIIZINE
T, MUNEMTEALD {E%21T9 Z LIC L - T, DEOFEMIEHIZ X% ALD mode TO RS
L OV Si HAR E~D Non-doped HfO, D O FHIERICEE) L TV 5[6], A lEliE, REROMUNER
ALD #& % IV T Si k3 KO Gax05 112 HFO, Ml 2 (8L L 7= fE R 2 W53 5.

[REEFTES &S UHER] HIO iz M e e ] TTEE 00
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S [ | ! =1 - ‘. A o
Ga0s HEH 11z, JEHTIRIE 345Cd & f(ﬁ - 1 g :
S T, |‘ | i E
B ALD ECEM L7-, HE AR 2 mwlu""" q'“ 1 EM W: ;‘( Miehrooo
N St i Wi = - E Gl '* M {Yas depa
(1% TEMAHE, BR(EIRICIZ H0 2 £ M AT : Er W\ oe
44 ! ! \ (100) —_ %1)‘ " i : E
Ao, mie Noamaee - R 3 M, |
800 °C O)ﬁEIEI'fKT:;”_‘/I/%’fT’J 25 30 35 40 -Z‘ i "MW E
R Al Angle (Deg.) 2 i ”.u “
it_o fiti g Pl GIXRD JIEIZ L - T Fig. 1 GIXRD patterns of HfO, E M% w#;“m wk;h b 890°C ]
FHAT, Si BICAERLL 72 HEO, DJiE on (100), (001), (-201) 3 ‘Mn 25 devs
535 100 O KD B — 2 B8 |7 1 Ga,0s3, and Si substrate. = %i‘A . } I i éo1
ARDIEAE L, SAUS Mot EombosA g S 0 e
i%ﬁot_&?M?KE@%L%?V@%%@E?%R@T gﬁn'*nt ;
- _ . . = 'ﬂ L 600 °C 3
3?) 5 CE %i Eﬂéo 'V'E@ Lfi%ﬁ*zl’@ﬁ*%ﬂff GIXRD {/E\IJH/:E_’%?T = "‘m 'ﬁw” Wﬂ»as depa
S fER % Fig. 1 (R T, Si LTI O/T AR TE 2 26 30 35 40
s p SN Angle (Deg.)
H DD Ga03 =TI, HIO: DR FHAHDHER T E 721, GaxOs Hitl Fig. 2 GIXRD patterns of
LEDFEHZ 600~800 ‘CZEHF TT =— /L& i L7-8H D GIXRD HfO, on (100), ((t))m),
. -201) Gay0s,
HIERERZ Fig. 2 1R T, (220D B DT I O FHO LM gsaﬁ?lnc?izo;oi”u strate
HHND, YHIE S EE Ga0; L~ HIO, iR 7 v ADEIZ Annealing
B temperatures.
B L CREMICHE T 2,

[38E)] AFFZ2i13. BEA [1CT EAENOMFEMEIS e Y =27 ~ (JPMI00316) . JST

CREST(JPMJCR20C3) 35 L TX JSPS BHif 19H05618 DBk & 2Tt D Th %,

[Z%C#R] [1] M. Higashiwaki etal., #HEAE, 35, 102 (2014). [2] M. E. McBriarty et al., Phys. Status Solidi
B 257, 1900285 (2020). [3] L. Xu, et al., J. Appl. Phys. 122, 124104 (2017). [4] Y. Zhou, et al., Comput. Mater.
Sci. 167, 143-150 (2019). [5] K. Takada, et al., Adv. Electron. Mater. 7,2100151 (2021). [6] Tl &, 5 71 [BIF&F
ZEi B 23, 25p-1BJ-3.
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BRI OWMMEBERIEA D =X LA
Mechanism of Nano-structures Stiction during drying after WET cleaning
*Foo7, M RE
KIOXIA Corporation, Tatsuhiko Koide

E-mail: tatsuhiko.koide@kioxia.com

HHERT A ZAOEERIL - @RI IER IS AaE 2R ZORERH D, 20
PRI E 2 T T 2 T2 DI HRIRIC & D BRI S —T 4 7 VRED IO DU 2+ 5, £ O
B, ZOMMEE LIRS EDL AT v T RH Y . ZORICEMEBRRICI D IRAE L, Wi
WELDEED, TDAREICHOBMHEDR 556, BEVAEA L THh R <25 Z &7
bd, TNENAF—VEIELIFY, ZIVE T ORY — U BIEE BT 5 72 OIS H R B A
SHTE, WREEORER)Z FiF 5 IPA kR, EEOREEZ T 5 REIELHRE, £
L TR DR E IR 1 Th 5B ETH D, Si02 72 £ T S At & 23 7= o
NTESA VICRTROICTEIZRA D & T DI I FEL L, — 7 TRl 1T I3 & )33
LTRY, BENNETLH LY RETITEEZ R L7IRIE L 22D, Fhx ik, 7 — %
Gl ZIHEIERY N T A — X RO R IR THATE 5 2 L 2R L TEZ[1][2][3]. 4 lH
BRI HE /) FE4%(SSPI : Stiction Suppression Performance Index)% iE#s L. ek it B T B 72
BT DO LI LIz THIET 5,

[1] T. Koide, S. Kimura, H. Iimori, T. Sugita, K. Sato, Y. Sato and Y. Ogawa, ECS Trans., Vol. 69, No. &,
131 (2015)

[2] T. Koide, S. Kimura, H. limori, T. Sugita, K. Sato, S. Kumon, Y. Terui, Y. Okumura and Y. Ogawa
ECS Trans., Vol. 80, No.2, 53 (2017)

[3] T Koide, S Kimura, T Kobayashi, H Iimori, T Sugita, K Sato, Y Ogawa, Solid State Phenomena, Vol.
282,168 (2018)

Force caused by ine f
Laplace pressure Restoring force

o GED I

Adbhesive
‘ force

pi
.

| $ 89

(@) (b) ©
Figure 1. model for stiction process: (a) capillary force caused by Laplace pressure, (b) in
stiction with restoring force and adhesive force, (c) in case of restoring force defeating against

adhesive force.
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REMBLEICBHT 5T/ BMTFO=RaEBHHAE
3D Observation of Transporting Nano-Particle near a Surface
AIKR CHFa—vLoLTY RF—F
Kyushu Institute of Technology, “Panart Khajornrungruang

E-mail: panart@ics.kyutech.ac.jp

T, Uy NIRTT R FPAHWON L HEMRER - RiEREORY o ZINTiE, 8k
BRSO DO T AL v X, EHIT SIC R EOEMTHMOETIRY > o 7BV ThH %
TEIEHINDELIITR-TETWD, ZNOHOTREIT, M TREE T R0y KED
RETRET DT/ (FT~A7n1) ZA5—LOEBRRRZICESS bOTH S, BEMICIZ, T
J R OB TR TS COZFENCHEBL G 2 B C XX, Bfldnr, B, EME%oE
GUTBET APENIEE D . R U THEE L TOF R EIR R4y O3 E L HFa#
PEXHTZLNTE D, £/, RY U VBTN EREICERET 5 R 2%E+T 57 =
v NTREG ARRIC, FEM IR O s B8

WD, L, T 27— Loz = Depart from surface

NS R - 7 A A o T4 il Approach o surface” fots L1
AT, SRMARBSNBITE 555, 1K 100 fooraraton
i COF ) MROEHBMICIE, TEREES 2(t) [nm]

10

(ZH 1T D AR & FE O Y CEd)
Fi e EEHOVAHINRS D, K E W
TCBLIICIE, mOREE o fEeE (mltE) & 22
W fiERE (FEAIME) MDD 28, FREHE
BORKEZEOHGOREES, BIURHL X
ROFEBRNFRIT K D ESIREOHIFINC LD,
T Al — )V DFRET S T O EL R OB
MR GE R 5,

Z T ABETIE. Eofiagizilic

Substrate:

o

K<HWL A RTRENE BV 2k 1000 _
DT NRF vy MERERWT, T - #k 10 frfrip:Jffggz
Y BE TR RS D/ R Ol B 5 optical o () [nm]

Z AL T 2B FEB O FEF 2 | AiEEEY area

WLTHRNT D, ZhE TOBBEFIITIL, sensor

A - TR L TEDLDODOF ) RiA%

BT LENAETH D, [ : FERRITEECIRE L= B8 T/ k7 02588l
(L BEL VT, HITHEI L TV AW =8I S iu7e )

[1] E. AMBROSE: A Surface Contact Microscope for the study of Cell Movements. Nature, 178 (1956), 1194.
https://doi.org/10.1038/1781194a0

[2] S. Takahashi, R. Nakajima, T. Miyoshi, Y. Takaya, and K. Takamasu: Development of an evanescent light measurement
system for Si  wafer microdefect detection, Key  Engineering  Materials, 295 (2005) 15.
https://doi.org/10.4028/www.scientific.net/kem.295-296.15.

[3] P. Khajornrungruang, S. Korkmaz, P. Angshuman, K. Suzuki, K. Kimura, S. V. Babu: Light scattering model for
individual sub-100-nm particle size determination in an evanescent field, Jpn. J. Appl. Phys., 55 (2016) 06JGO02.
https://doi.org/10.7567/JJAP.55.06JG02

[4] Y. Terayama, P. Khajornrungruang, K. Suzuki, H. Fujishima, S. Hamada, Y. Wada, H. Hiyama: Direct observation of
removal of SiO2 nano-particles from silica surfaces: an evanescent field microscopy study and shear flow acting
moment, Jpn. J. Appl. Phys., 62 (2023) SH8004. https://doi.org/10.35848/1347-4065/acde87

[5] AFa— T w3 F— b g (=A% 'y M) ISR DB E DT ) R BURITE, K
BIT54EE, 90 (2024) 184. https://doi.org/10.2493/jispe.90.184
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Three-Dimensional Numerical Simulation of Rinsing Chemical Solutions during Single-
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RO T = MERFIZE TS Y A TR
X, VBT W TSRO RS AR R, 159
Mk 2 AR T D LISTHRR S N g
ENGRET L LRETH Y, Fx OFENHN
LATWD. B2, #EAE DY 2L

WRED A% (b) (Z[ElsHR Ol A 2 el i C
B 5 FRE LR (FEEAKEI5m) O
IRefEI 28 b &7~ 7. BHAE CIE 100 rpm Tl 5
[EAE 100 mm O MO FEIZHBWTHIHIC 100
um DOEEOIEE N FETHE L, 22T ()

HETEE (2024 RBAVEIEFN2EIBEIVSIY)

BT, BERICHAT, EREICD VR E
TITTSIENARETHD. —FH T, HEERY
YRTE, Ve ECBW TS EORICE
BLL R DR DR LIRS oA s A C D 7
W, IHRLFOM T, ATBRETRND
£ TR B W () ZAVERSE) DS
L%, AT, OpenFOAM T & B&i

Bl B KO8 (i) [Elsf 2> 5-0.035 m F°h
ToALE D HAUKMEE Ed . X (b-ii) D53Af
R A WrHEIEE O 2 XN E Z G e
Thb. (b) BV THREM 2R3 512D
NWTREMET LT 2SR KIZE
BEN TN ZEERLTWS. [EliRf Eos D
KD SN L 5E, MNBRRICE T 23RO E

PR NI E ORBIIL 2% 5 FiE[2]1%  HITHEMA 000, [BlEsfhH ST 5854, [
FAA DR T, BRI B2 THRIE A KIC AEFRLOINC RIS D DO EHS N L 72 5.
B X B ER A S ke [1] OpenFOAM User Guide, https://www.
openfoam.com/documentation/user-guide.
1 (a) ICEHEICE W ELN-FRIE L ik [2] Jinbo, Y. et al., J. Photopolym. Sci. Tec., 35
(2022) 359-364.
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Figure 1 (a) Liquid film shape and concentration distribution on the rotating disk at 100 rpm. Pure water is
injected from (i) the rotating axis and (ii) the -0.035 m off-center toward the chemical solution initially
existing on the disk. (b) Time variation of horizontal concentration distribution just above the rotating disk
surface when the jet is injected from (i) the rotating axis and (ii) the -0.035 m off-center.
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BREEIAERDBELA 2593 VTRANNA(FRE
Biointerfaces showing a variety of interactions with liquids and gases.
Byt CHg {5171
RIKEN?, °Nobuyuki Tanaka *

E-mail: nobuyuki.tanaka@riken.jp

MRSy 7 AEREP Rt ORI, B « LRI S W T B IR LR ORE &
WO T2 B RRIRTEB OFL L R DA T TH D, ERMEITTE oA 7T > P REITITAER
Y D—FEToH HAaEEE 2 "7 Eadr UG EaE L, ARo—# L LTHIET S, 20
£ 9 IRHRRER) 2R A A S A TE T 57201213, T OMEZ X FHl - BR T oM ENH D,
Tiv SAAFEE, Z<ATHPICAEL, HEREREZERT D ENEL S, A B ORHE
FIEEZBEM TE RWGEERL ., AL, KEOHKhE I LIZWELARRHEE TH 5 25,
T 22 R H TIRIRR 28 EHL IS E LT L E O e o AR A NETH D, Zlax LT, &
H DI H DR REHITH LT, /A28 LIRIEZRET 5 2 & TREZBIBRIIRERIZ L,
Z DRIFARD PG T L AR 2 8 TR OMEE 2Rl 9 2 [UAME SR ARG B R L, X
FEF AR AR AR ORIV I AR THIO THEI L T D (Fig. 1), 23 A FUEIZIR & 3 SR
MOEFESBICEDL ET, REthi, R, 855, 8 &V o T RERENEICBE Y 5 B RT Al
EETH Y EFLOHEEEZE U TAFEZERR ) ~— FL7 e 2PEITH L CSH
TOMSICEEN, FHEH TR, RIS F LI OBIKERIKD S e 5T 7 2 a 2o
T, ZNETOMRICKL > THLONTMAZ S LITHIT Lzu,

Nozzle |:| |:| |:|
Dewetting Rewetting

‘ Air-jet ‘ d
“—  —> —> <+
Liquid
Liquid exclusion d: Liquid exclusion Liquid recovery
by air-jet diameter after air-jet ceased

Fig. 1 Schematic diagram of air-jet induced liquid exclusion followed by

liquid recovery (above) and an example on a cultivated cell tissue (below).
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nm ¥4 XDOEHAN SiO = v F v JicBlT 3
) 2y OBUKHER NRIE B ORhR

Effect of Hydrophobicity and Surface Potential of Silicon on SiO2 Etching
in Nanometer-Sized Narrow Spaces
WKLt SCREEN & — A7 4 v 7 2L RS SCREEN 2 2 a v X7 2 —Y ) a—v a v X2,
RARBEL 3,
OFNII B, EH K2 W AL AU R BE EEL
it 1B, BiE 56882 R —5h°
SCREEN Holdings Co., Ltd. !, SCREEN Semiconductor Solutions Co., Ltd.?, Kyoto Univ. 2
°Shohei Miyagawa?, Dai Ueda?, Yosuke Hanawa?, Hiroaki Kitagawa?, Naozumi Fujiwara?,
Masayuki Otsuji', Hiroaki Takahashi?, Kazuhiro Fukami?,
E-mail: s.miyagawa@screen.co.jp

AR, “RIT 78R T v O 2 2 DML SR 2l 2 72 Z & C. GAA % CFET M§i& % o M7
SRTCEEDOHFRFIC L 2EREE M EARAON TS, COXIBEZRTHEDO Y = v F 7 av XTI
nm~#+ nm EOMEL R FEKFIC T v 5 v 73 2 0B H 523, T OH A4 X RIFREEK CFeT) < 13 RATIE O
RKEETxyFvrr—ERMBRZEY[1,23], AR S 2 v—HkZ ER 2R T 3 Fiksko b

TWB AT, V) a v iciRENT SIOIC D WT, &) a v REOBUKY: E KEHBEMOB AL,
AT D T v F ¢ v F JOWMA I 3 FIEEA 2 = v 7 ¥ Z8ICHM L. PRATIEICK S vz y

F v I FEERE L 72 (Fig.1), fitko dHF i lb<| pH % F8% L SUEE A 230 L 7= dHF 2 v 2 &
3nmiEC7 7 v v Mgkl % ER iy 2.5 50k L 72 (Fig.2), BERI 0 BKE DI & i Az o il i
Sk A4 A VERRIC XD, KT ER BERTRETH 5 2 L 2 XXHi T 2R 27, FHRTIE, 7—2%F0
FEIC oW TEIBT 5, ANAE. [D. Ueda et.al., Effect of Hydrophobicity and Surface Potential of Silicon on
SiO, Etching in Nanometer-Sized Narrow Spaces, Solid State Phenom, 314(2021), 155-160. | %cXE] L 72 NA T,

— B EME 1T Trans Tech Publications Ltd. IZhRIE$ %,

Reference

[1] A. Okuyama et al., Solid State Phenomena, 219 (2015) 115-118.
[2] D. Ueda et al., Solid State Phenomena, 314 (2021) 155-160.

[3] S. Kumari et al., Solid State Phenomena, 346 (2023) 149-154.

(a) (b)
PolySi Polysi o High surface ® ¢
sio, o Q sio, Q = potential o 08 | X 2.5 o @
s o £g
2s 06 | ‘{J dHF
Accompanied by enrichment Enrichment of the etchant ion ] dHF + additives
of etchant ion by weakening of surface potential .E & 04
= 2 - [
PolySi PolySio Q@ Q = cg [}
o0 s < B S0 g gt 2 ..,
sio, O Q o Sio, S 00 Q gg 0.2 Thickness ™ 10, +—
\ GRS O -
0.0 . . .
wWAQ : Surfactants Q : Etchantions 0 2 4 6 8 10 12
Thickness of SiO, layer[hm]
Fig.1: Two models for concentration control of Fig.2: The results of etching rates in narrow
etchant ions in narrow spaces. (a) hydrophobicity and spaces.[2]

polarity of specific surfactants. (b) surface potential
of wall materials.[2]
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FM-AFM (2 & 57/ RO EY 7 G DZ DGR
In situ Observation of Nanoscopic Wetting by FM-AFM
®IRK', FFH? OMK BF', F LR’ HH 2F!
Kanazawa Univ. |, Inst. Molecular Science %, °Yuki Araki', Taketoshi Minato?, Toyoko Arai'

E-mail: y-araki@staff.kanazawa-u.ac.jp

FHRRMEC T E T L 2 B L <, BUKkMEo REMRIEL T T O/KIIfEE D FEEC, BUKkMED
77 ARM TORNGE RN R 7 EXBLIE . Fi-hbahoBfEsERL>0H 5, LirL
BB, IO OB R NBR 2 BET 5103, BIRRENICRE L 72 /K D2 % F2 22/ IC
O 23 251 b BEARRIRTH 2, RIFFETIX. B\ T RE % 1570 JE R B i 7 i1 ) 9
8% (prototype of SPM-8000FM, Shimadzu) B X v —2 7+ — A X v v’ v 7 E— F(PFT)JET
M1 5EE%E (Bruker Dimension XR Icon NanoElectrical) % T, {EHERE T CH 7 AKH D
TR & & )1 % 2 DBEHAI L, WA K OB CYMEZ H S 20 L7, 387 7 2 B S B o i
% 30~90% T I LA o, RAHTH 7 AKmEBEL72L 25, FM-AFM I X ) EfE
100 nm, EA 10nm L TFToF /7K 27 (K1), 2NHDF 7 KEIZIEEL LD ITEAL
TSR L, 77 AKRMEIT 2 75 ERRBZEH 2R Lz, BE%E 30%I1C T 5 LKL
PITHR L, Z O L HEMPTHETH 5 C L AR SN, T i, PFT £— Fic X 2GRl
TlE. F /K & 2 Ot RIS O EE ) %GR L 724558, F 7 KRR 2> & Y8 e ikl A3 4 7
ARMBNCHIEST 22 30D 0 WROREDF /7 KLY bEnZ L BHL 2L o7z, FERR
Eor ik iz BT ol S vz, 7 ARMOAEE han X3 s8R CcH 5 —
Tiv AW T F 2 KO RIILEC . KR ORI, WL oLz e, <7 v oK e ik
R 2Pz R T 2BRPLEERE I N2, ZDOHFEICOWTIREAALF DL WD, F/
K 13 AR SR C DS DI & Wnkfk L L CoREZRio 2 L AlIfF I N5,

Fig.1 Topographic images of nano
water droplets observed by FM-AFM.
~ (a)~(c) and (d)~(f) were obtained while
‘ increasing and decreasing humidity,
- respectively. Color bar indicates the Z

= scale of the images. All scale bars
represent 500 nm.

2% 3CHk
[1]1Y. Araki, T. Minato, T. Arai (2024) Sci. Rep. 14, 10693.
[2] S. Urashima, T. Uchida, H. Yui (2020) Phys. Chem. Chem. Phys. 22,27031.
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Analysis of Induction Charging Mechanism of Deionized Water Spray
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Aichi Inst. Tech ., ©(M1)lttetsu Watanabe, Kousei Ito, Tatsuo Mori, Yusuke Ichino,

Noriyuki Taoka, Yoshiyuki Seike
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LRI TR GBI R O/ —F 1 7 1%L mmﬁxTwmr

VA NERBERET DI IR A T L — s fc.‘ *= Metal Joint
WHENTND, IR T L —Fid, JEfE= 7 Ltk -
FRA L BRI LT oo T BB FE TR S, || e
LU, MK HEFEN S W - oirESEE (ESD) High Voltage «— Two-Fluid Nozzle
WRA L, BEE 0 AIE T BEAH B[], LA, ngmr  Chargin Blement
o x (TMAKD ZHARA 7 L — I T RRR O B (5 Fig. 1 Measurement system
A T) ZREL, MERPICATL—F 52 LIk 200

ST, MIAKRTEOREREHMTE S 2 L 2B L -

2l LinL. BEAEICLSHEOMEO AN =20 T

B LTRIIS2IC L TRV AR TR EER B

FEANT, TR AVESORERZEN Lk © o
THIKICTAN D B EZRIET 5, X 1 ICHIE R % 33

_ . o g . e 0.1 1 10 50 100
R, iR ZZE ST PFA Fa—TICe R Tube Length [m]

MEF (SUS316) ##Hzfki L. @ik FIciii 5 Bzl Fig. 2 Current to ground position

YD, HESME LT, MK R 50 mL/min, =7 i 80 L/min & L, PFA F=—7 (4% 3.18
mm, N 218 mm) OEIZ01m»nH50m a2 x5 LIk o T, 7 AV ba ik
TONEEEZX D, DR, F 22— 7 NITHHAL DMK D HEHUEIL 17 MQ - cm & F = — TN
BENOIBE TS L ES0ImMFT456 GQ L 50 mIFT228 TQ L2 %, £7-, FEEERE T~
FINEEZE 10kV & L7z, £E0.1m & 50m O PFA F = — 7 5kt REIC 38 4B 2 BIREO 1% 135
nA k72 o7,

[FfFE]

AHFFEIL ISPS BHFE OB)RL 23K03627 I1ZRLHkids K OVEF LHERF T m =7 MMEFEFEO 385
EZTbDTY, ¥V o—kIaF s v a 7y 0 F v Vo MRS, Vea—k 3o
VHEU BRI 2=y gy ARSI IINE A B L CHESREE T 5,

[Z5 3CH]

[1] Y. Hagimoto et al. : Solid State Phenomena, 145-146, pp.185-188, 2009.

[2] 85 ARVERG S« FREX TS5, 47,3 (2023) 108-113
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Relationship between Charge Characteristics of Flying Droplets and Surface Potential
Characteristics of SiO, Wafers during Two-Fluid Spraying
BHIK OM)FE R4 BD 8 K =i —H vk HE &2 FR B2
Aichi Inst. Tech., ©Kousei Ito, Ittetsu Watanabe, Tatsuo Mori, Yusuke Ichino,
Noriyuki Taoka, Yoshiyuki Seike
E-mail: y_seike@aitech.ac.jp

HREART N ZADBEITIBNT, N—=T 4 VT ARER E BT U— % AW E 0 T ol
TW5, TR T L—IL, BT R LflikE AT L— ) ZVNTREG LEST 5 715 T, EE
U 7= AT B 2 R 9 2 Lo T D [1] o — . IR AT L—THliKE 7 =\Z

W L2 A . U e AREOBNITABEICHEENRE SN TVWA[2,3], 2OV o FEIZEY
AT D ESD BEE 72> T 5, JRRIIEEE SO IR ORE, Wi & 7 = ~DOEEERER &
NEZHITWD, £ 2 THELIIIER T L —REOTRATIRE O ERAFFE L Si0, U = ~OKHEE
MLDOBRZ I 5 2NZT D72 DD FERELIT 572,

¥ = OEEREL 500 rpm, YEiFERH] 60 Fh. AR 77 L — ORKT B 100 mL/min, 225X R 80
NL/min OFEHGEET, 7 o SR EZESR L7 8 20U 2 ~OREEMZ K 1IRT, fikok
HEHUEIX 175MQ cem L ETH D, v =/~ OFREEMITH O ETOMETAMMEZR L, KRK—
110V Thoto, —J7, RS T IAA T L —0 B S 5K ORI TR I L IE MM 2 7R L
50nA JitdLd Z L 3o TV D[], ZOBREfERT 5720, FEED Si0 U = EFT—10k V
2610k V OEELHIML, REEMNZRE LTc, EORE, 7 = NIEINL 72 EEO MM & [F]
Uitk Z R L LTz, fKEWEE LGS L EEEZHMLIZSGE TY = ~OER 72 57
B, Si0 U = N\NOFE OEALIL, AT O Tl 7e < . RATHGRAS SiO2 7 = T 1T 28 L
TR OBEEBHE TR N EB ZTWVD,
[EE]  ABF7E1L ISPS RHF & 0 Bk
23K03627 B L UOEM LERFET Y =
7 MERIIFRO R ZZ T2 D TH D,
FlhVo—kIaEr~v=a Ty T o
YU IHRS, YE—kIar sy o =)
52—y Y KRR D oty T
XEE LW R E L EHT 5,

[5 & 3CHik]

[1] 8aRTERS O, FrEXTFARS, 468(1), (2022) 39-42.

[2] 8SARTERS O, RCIEHEME Y 7R U D A, 32, (2022) 13.

[3] K. Ito at. al.: The International Council of Electrical Engineering Conference ICEE, (2024) P-030.
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Figure 1 Wafer surface potential after two-fluid spraying
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BEABMEFBAET A ADRE
Progress of junction technology and semiconductor device
BB ERE BEH F
National Yang Ming Chiao Tung University
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HEERIL 1820~30 AFARICRHEN B BOMEIRIA & 1T R D RMEOMEL E LGRS LD L 9 1c72 o
T2, BAMIDT 3o 2131990 4IRS D MERUEE ZF B OH-EE - & )8 mifEfil2 5 (Schottky £2
BVERIRTH D, L LEERE I NN = 1910 fRICIT IMEZEF ICE > Tbonbd Ll
mole, ZORZEEITEMMOEF OETIHEMN K E <~ A 7 vl & o E A IBE T ThHE
FIAHBEN B REVD T, IWMEZEE 24 U8 ARHIE R O T A 7 7 73 1920~30 FERITIRE S
ND XK DT o7z, 1925 FITRFFF I S 7 BRI 2 B0 M2 i S /Bt 4 Schottky #2650
GBS — IO REBERCTHBEILE S L) bon, HRRYO T PAXORE, L
MEEFNR ST DAL (FET) T o7z, MRHTSEROMEE IO TR < R 1T Ko A~ 44
HRbHY, £ 8T 0V AFZENEO FEBRAIFETRIL S ATV, Znb 20 %D 1947 1
7o T, BEa LT XL Ge ~N—AD Schottky #5 Z i D W mEHi % Ge DENMEENTH T
EAT Ko THITES 2wk b 7 o DR 7 OWEIEEMED )6 THEERAIICHERS Sz, Ge DRENLITA
B Iy XD Ge N—RAIZIELZEAT D Z LIC L0 T, ZHUdES & B\ e LT
EKNERIZ AT Tt 2 B 2 HlH95 & O T Schottky #2477 VA X Th o7, pn HEAIHE
FLENT=DIT 1940 F-0 Z & Th 503 1948 4F1Z1 Schottky #2545 DDV IZ pn HEAEZH W20 bW
HNAR—=THEES T VAR SN, pn HEAITEEARNTICSH > CTREOMELZ T
\ZREIRDT, ZHIXERRT NA 2L U TR RARICHWS LD K 91Tl o7z, —F FET
VXA SR T B 23 TR B C 2 O EBLUISL B 7203, 1945 I RIE 2RIV T A4 77 (K
WA 1938 AEICH ) NS, 1953 R pn #:d A Y — R« RLA v & LTV REEEE F ¥
TV & U7z FET OBIWEMSEBRAYICAERS S 4u, 1958 1213 Si Fem & miia (b L CHERL L 7= SiO s
7— M S U CRAFR SIRE AT 2 Z BRI L) IZoT, 2 b ORI A
HE T2 MOSFET DEIEZS 1960 4F(Z4)6D THERE S 4172, MOSFET (XD =¥ 7 b Z &K 7>
LD LENTELDOTERERLIZINTIY , 1970 FE0bIGE - 72k L A HOE TEE
AL M, HAEDT 7 CMOS VLS| £ THE - T %, MOSFET DML & RS BRSNS

WZHEZTZBEITW ) ETHRVR, Al OFEMAIZZO I TH D, BIERMALIZE ORI S
LTWDR, SZITEEA~D 3 WorEMKIC L B 5 mEREPEDR AL TH Y | 8k
T ORI R RA L TV D, T D K D ITHEIRT A A DJRITITHS Hf O3
- T&E 7z, BUEANITITEHERE LWV O BRI TR Y | e & Do FROKRE
DHIHNZ SILTWVDEN, MRREEO T T AHEETH Y . TR DT 3A AVEREDM LD %I
T2 F T RS OIEMRL, ZN a2 L T2 EERDO B DO R=RE 725 34 1% OF T 7 Bl o
AREME S UL CHEHE ST 5, &3k - H. wai, “History of junction technology”, IWJT 2023, pp.1~77.
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MEEREERE M BB AT 1X. Moore’s law [1] @
728 @ Scaling concept [2] Z & % MLz i
W [3]. JE4E T, FinFET X Gate-All-Around
Nano-Sheet FET (GAA-NS-FET) iZ &b, /v~
R—=T7F v 2VERDIXS D E &M T 5 L
THREIE S D E 24HI L, EHEE Ko
A Mt @EBILAEA TN [4-6], S 5IZ,
Complementary FET (CFET) 5\ l% 3D-Stacked
FET (3DSFET) 23 f¥ S N T\ 5 [7-11],

Z 2T, A1 ViEAR epitaxtial i, B0 &
DEEDOHEAIZOWT, MR TIIEIZ GRS 5,
F 9, EmAGKRAIIZ, Etching stopper epitaxial
BDAAE LK T 2 B EDH 5 [12], IRIZ.
FinFET & GAA-NS-FET & %12, SoC ZFEH
5121, Well Z H\\ 7z Diode *° Bipolar, Thyris-
tor F& WK 5 BEDDH B [13], ZDHE, Si
Fob % 8 U 7250 F v 1OV R D 728, Punch
through stopper 3 AE & 72 5 [13, 14], IRIZ, NS
FET T & epitaxial &2 & U, Si/SiGe/Si-sub.
2\ 3 Si/SiGe/GeSi/Si-sub. it & k3 %,
12 (110) % WD Z 212 & D pFET &
nFET OB EEDOFNE 2 KE 2 BED
» 5 [15], IRIT, HH#EER {Si:P, SiGe:B} epitaxial
BE+L =Y =7 == Bz kb, S/D>—
MEFIE a2 MEERET 2 BELDH S
[16-18], F7-% ® S/D [ElX GAA-NS FET Tl
it LI X DN L > TLE D720, o h
&K 5 FEAMETH 5, X 5T epi-S/D
MG 2, BARARCIEEmM»oDay X7 b
BPURR S BB L 705, 723D BEHEEICE
W T RERBEHECR AN ELTH D | z HIANZBE

AR EOMRRIE DA DR X U [19]. xy S
M2 1% Graphene 12 & 0 B 5 BRE IR X
N5 [19,20], {XiZ, Through Silicon Via (TSV)
D HN B B DARJRD 72D D Si FeMzEZ AL D72
D DAFIREHIEH A BETDH 5 [21],

Iz, IRMRF v 2Rl E U CTHIf I 5
EMEE XA /7)V 37>+ K (Transition metal
Di-Chalcogenide: TMDC) EIZ DWW T, »NBE
Y R=¥rZRhar vRIEIC & DR E
U. [22-24]. nFET (ZI3LFHEHED/ NS Wa v
X7 NEPEF[25,26]. pFET 121k & Wk [27]
WL DEPIZ KB TERZ R0 >T0W5,

PAE, BEEAMIIHERATH O, HEEHEH
DBEEIIEZZIEN D TH S,

HEE : ARG O — ISR A B R EAR Xonics
PEERAIA LR R F2E (JPS011438) UV ISPS
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D)AVRIZBASIERTRE F—/1\Y FOEELE EFRFEE
Activation and Deactivation of High-Concentration Dopant in Silicon Crystals
BXett=a2—oJL77H /00— OKE—H!

NuFlare Technology, Inc., Ichiro Mizushimat!

E-mail: mizushima.ichiro@nuflare.co.jp

U 3 HRERR IS =N b & D IiE e R BB L TR OTE PR - ANEME L O 28,
R— 0 MRIZE DEWNITMZ T, £OLEN R—E U 7 INDFECREKFTH, -8
YU FEE LT BRENRA T AEANEIL, V) arvfiilBEGe 5228 L6, EATO
FEREE S FERFICE & 2, FofMmEE ORED TTESCTEAFMIEKET 52 08, SEIEIC
B DAL - NEHALFEBIOHER &> TV D,

bEFEx ) a VERPICEREICA A EAT D L EOEASHEHEBIIT EL T 7 2L S
N5, TOHROBIILT, TENT 7 AMESN-HEEIXEMET B2 X v VRIS &0 BifEib
SNLHN, FRHEASHIEEREF VY a VRFOBEBME LD Z L1225, ORI,
BEIRRZ RE BRTCEIRE F—E 7R aRe L 220, L L s 2o &9 EiEteR g
LETIHZR L, BOBTRRIZ LD NEMAE T, SREDERDA A AEATIR, Al
2T ) AU R EDRRb RSN D, EEPANEE L LZBROMEE LTE, v #
JRA L ZEALE N R DEERMEPREBEINTVDHE, e ROREEIBNTIEI, A A EAZAT
ST R E LTEASNIZZEILN, HERREZRTZL TV I ENBEZ LN,

mu iy ) a BRI T EALTESGEICIE, F—XEPmO TE D &, BUlLi %
T &b, FERERESBALDF Y ) TREZA T DHEBAERIN LB, ZOBRIT,
REORr VFEF2 6725 20 HRMEED B, 7 7 A X PR S 4L, 5ED Y a Ui Lk L
T2Mio7 7872 LT LW I ET A TEISHHATE 5, ZOMENLEITHET D &
I, B REEHEN D RINTND B A AT Y a v ERICEEZ 5 2 25, FRFICHE
AFISHAEEGEE 5 2 &8, 20X m@iEERES RSN HNEEX TS, Z0m
F v U TIREBPER S NVTOREDBRICLE TRNZ LIZE R EFRTH L0, AerO5E
[ZiE, Aere v ar bR SN T HMNER S D 2 & TRIEMHE LA T,

U a UHERERHICE T D mIRE R— Ry b, SEIFICERRHTEME - NI EEENL,
THER R—E VT FEC R o TRR ST FRAIPEEIND ZEBRER ER>TWD, ZDX
BB AEBEL T, VY I ~OEBE F— > 7 Il E Ff o THITIUTENTH D,

[1] JkEfh, 55 38 G B E AR 30a-X-7 (1991 4F 3 J).
[2] J.Yamauchi et al., AIP Advances, 10, 115301 (2020).

[38] K&, HIAR, % 42 RIS HYBI 2 G HZ 282-Q-7(1995 4 3 J).
[4] I. Mizushima et al., Appl. Phys. Lett. 63, 373 (1993).

[5] 1. Mizushima et al., Jpn. J. Appl. Phys. 33, 404 (1994).

[6] J.Yamauchi et al., Phys. Rev. B, 55, R10245 (1997).
[7]1 1. Mizushima et al., Jpn. J. Appl. Phys. 37, 1171 (1998).
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AFVFEAN - TSFAIF—EVTRTOER EZTOHEK - BER - £
History of Ion Implantation and Plasma Doping Technology, Its Present Status,
Problems and Future
TAFAAY AL ER
Former Nissin Ion®
E-mail: kyototanjo@yahoo.co.jp

T UDIZ] 8K IC Bl 2 APER TR D4 A AN, 77 X~ F—v v ZHAfIT IC A
BICFHEG L T&E /2, LA L, IR 20m I2F TR S TEBUR TR, ZhE TORBIT
RAZHZTZEBELNTND, £Z T, ZNETORLZRHREE L., BER L RRTEIT
W Cafam L 72V,

[ A EAEN] K1, A AV EAEBOMEXTH S, 1950 4F(D b7 P A X BHFE S )
. U I CRENS R—0 b E2EE, BYERT F—Er 7L, 77 X~ 2 Elk LAARYRH
TR=ErZZ2LTWe, A AYEANILD P ZORFFIL, 1950 FIC~D T v &
Ve A= VE L KA ROTERIE 55, 1954 FIC a v 7 L—bRRFAHB L TW D3, A 4
PEANCTE D BT R Z BEED IR 1965 FELIE T, FrEES LD DI HVEC [V o e — X
—B =N, AF RS~ 7Ry NEEmEMITRFFL, FTEDA 4 A TEOEARTEAN
TEDLAF L PFEALEBELHEL THDEFSONTWND, T KV RERLSE E D BN
Mo, LA MBS, BEG L A A EAZAG DR, BHIE IC O A % — L D5HENL S
L1965 FED =T OIEANT A A EAZ G L ICHET v B AKR L TWDH EHE XD,

[T A~ F—E v 7 Hil] 2ILT7 T A~ R=E v ZHEOENEZTR T, U 2Tz =703,
A FENEEDA FPEOPICRE SN LB R A D, IC DML R ET Z &I kb
ML R o TR ANV F—EADE— L EE T 2R TLFELR-oTVD, 7T XA=IC X
HAFUVENRET B R AL, VA AT RFEOI LT v KA 1986 412 JAP IZ
PSII(Plasma Source Ionlmplantation) & L THZFE L TW\5, 1987 FFI2ix, AKEFIL KA, SSDM
IZh L F R—E 2 7 &5FK I, 2009 4512 SRPD(Self Regulation Plasma Doping) & L C,
FinFET ~® F—E >V 7 &R EI TS, SRPD TiE, 77 AvEANTHE L S FHEE -
AU I RR LTCAEREHE LTV D,

[£ & ®]2nm-IC (23 H O#EIN= " F—E> 2 (SEG : Selective Epi Doping) % Borland F 723 =
%, SDE F—t' v 7 & FEMYILE 17 » TIERIEFUE Z X 72 L B2 b D,

1 lon Implantation System, Wada: JJAP2020 59 2.Plasma Doping System, Mizuno: 9th IWJT 2009 S6-2

Vacuum Chamber

RF Power Supply
Ton
so
ST T 200eV for
] v Xj=10nm
“Broad energy multi species doping?”
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Evolution of CMOS S/D Stressor Technology from Planar to 3-D Stacked Devices

John Ogawa Borland
J.O.B. Technologies, Aiea, Hawaii, USA
E-mail: JohnOBorland@aol.com

Today, use of Selective Epitaxial Growth (SEG) for CMOS Source Drain (S/D) stressor
and Wrap Around Contacts (WAC) is standard FEOL processing for 3nm node FinFET and
2nm node Nanosheet devices. With improved contact resistance engineering, the SEG S/D
structure is expected to continue to be used for 3-D stacked C-FET through at least the A3
technology node in 2034 as illustrated in Fig.1 [1]. This all started back in the 1980s when US
and Japanese researchers investigated the use of SEG for elevated S/D and S/D contact filling.
This talk will review the evolution of SEG S/D technology including the key recess etch p+
SiGe S/D structure for ultra shallow junction reported in the 1990s. This led to the production
introduction of recess etched embedded-SiGe (eSiGe) PMOS S/D stressor to boost p-channel
mobility by Intel at the 90nm node. However, the NMOS S/D stressor evolved from
amorphous implantation at the 65nm node to eSiC SEG S/D stressor at 14/16nm 3-D FinFET.
For one generation, the 32nm node, IBM/AMD/Samsung used PMQOS channel-SiGe and
NMOS eSiC S/D was used for IBM 22nm PD-SOI.

an United States
a2 Patent Application Publication (10 Pub. No.: US 2021/0407999 A1

HUANG et al. (43) Pub, Date: Dee. 30, 2021
(54) STACKED FORKSHEET TRANSISTORS (22) Tiled:  Jun. 26,2020
CUT ON THE GATE (A-A] CUT ON THE GATE (B-B)
218 &
218
'\ 204 205 220 ) ?Od

I o 208 23-4
29 2 232

28 207 201 214 22 ?3"*
Fig.1: Intel CMOS stacked forksheet patent showing SEG-S/D warp-around contacts.

[1] C Huang et al., Intel US Patent on Stacked Forksheet Transistors, US 2021/0407999 Al,
Dec 30, 2021.
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REMKBERICE TSRV KL EEREYERHORE & REF

Challenges and Development in Interface Engineering of
Metal/Group-IV Semiconductor Contacts for Advanced ULSI Electronics
BABRI !, AARRER? Opix 12 KL AL KT &5 BRE AF!
Grad. Sch. Eng., Nagoya Univ. !, IMaSS, Nagoya Univ. 2
°Osamu Nakatsuka' 2, Shigehisa Shibayama', Mitsuo Sakashita'!, and Masashi Kurosawa'
E-mail: nakatsuka@nagoya-u.jp

R T N ANE T SN EBRUE B A AMBEIKICEY T @i/ 8 ka2 7 M3
FAOMEERTHY . TORHENRT NA AMERRICRA R B2 52 5558 52\, ol 8k
EHEEICB T, @R 8K 27 POREXESFTFT /) A= VDR —ZELTEDY,
JRFRE TR —, FHAekE - fif, MEvhmfElck 2= o2 7 MEUER, Bn 2wy
EVEZR &L ER TR, RIS LI CEERMERERE 2 ER SN D, BURO R ER
Wxry NT—I 2% X 2DV U 3 (Si) FMOS b7 v VRS EHMEHET L35 KEERD
Ty ZEE, B DHWITEBEIE S L~ =7 A (Ge) DIEHDHIR S5 kIR T 2 27—/ CMOS
KT U AF R EIZBNTL, BBOKa % 7 MEFIERE (~10°Qem?) BNUETHYH, TDOE
BUZIE, FERFOVEEERAZEZ 28EREO F—E 7 (~102 em™) @bl g v
b 2 —ERER & (SBH) &R 2 T2E A M BEAR AR & 72 B[1], Fex OBFFE 7 V—7 T,
Si. SiiGer, Ge 7*5 GerSny £ T IV BEERDIFEMA 2B = - Z 7 MBAICIHNIT T, FEx
PR L EASIC R ARG R, BEIRE N — ' U EABREE LR - HiE - 7 o e X B
ZRR L TE T,

= > & 7 M CTHAE SBH OFIENIHEE /AR EHETH D, i \7:wivaE~y
7" (FLP) »5R< 4 U2 8JR/Ge RIZBWTIE, O L@ c2 A7 5 e EEMmIC
5ﬁsm1ﬁ@%ﬁﬁﬁ%@$&&ﬁ@zéoﬁﬁ@\$%¢%%ﬁ@®ﬁ%ﬁﬁmﬁab\i
AR VBRY vy —~ T A NGe 2% 7 MEEDIKIZ X - T, FLP BiZ %% L T, SBH
FEINFEETH D Z L2 R L7z[2], 2 OEEHZAIY | KR — v 4 % o ¥ /L HfGey/n-Ge =
B MO B L. n T Ge (2% LT 024 eV £ TRIEAMIC SBH KB T&E 5 Z L &5
AEL72[3],

a7 MEFUCHIT 2 ERE R—r 7B ik, BUPENRIEZ B 2 D Sk R B8
ZICEIINC L D A M348 O 722 & A TEH L. %/X&~wﬁﬁ BT 2 ARl D 2E Bl
BNEZhE 725, Foxld, SiFHA~D C I X - T NiSISi Rz 5 P FF DI, O
ZHIE L. i P mREE ORI LBl # 7 MNEROREMEE R L[4, £/, &
Ry F o —iEZ T Ge i RIZHE T 5 Sb DY —7 7 7 2 MR BIEH LT,
EIRIE Sb R—E 7 Ge RETE X XL ¥ VEOIREM A S Lz, ZORRE., FHE RS
ZHEZ % 2x10%° cm? OEETHRE Ge BE K L. NiGen*-Ge 2> % 7 MIEBWT 107° Qem? &
DR = > & 7 MEBLE A FERET & 72[5],

Y T IRV RAEER R TERIENC I 1) 2 AR A R TE L, A de i B R R o s REA L.
BEICICET R L > 2 7 MEROFREHZ W TR Lo,

SZXHK : [1] The International Roadmap for Devices and Systems (IRDS), https://irds.ieee.org/ [2] T.
Nishimura et al., Microelectron. Eng. 88, 605 (2011). [3] K. Kasahara ef al., IEEE J. Electron Dev. Soc. 10,

744 (2022). [4] O. Nakatsuka et al., Microelectron. Eng. 82, 479 (2005). [5] J. Jeon et al., Semicond. Sci.
Technol. 33, 124001 (2018).
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PEEERITT OV R T LEROLDIC, $RHTEST EREAM?,
~ TEHBMIAII 225 —Y 3 VllF OMDEHEEE

What can the Society do to cultivate the semiconductor technology ecosystem?
Recommendations for initiatives to 'reduce inter-disciplinary miscommunication’

gifivy—F+JZA~ SR
technology journalist Kazuyoshi Takayama
E-mail: takayama@kindofhappy.net

o iR ENCPEEMAKESE - Bl 2 PG T 2D AR TS, TSMCREE.
Rapidus, LSTCEXVL7% EDFNRR LI 7o, HEREMEDEZHZAIRD T, TH2MERERLDDIC
T 2ICIE, #Ee - R REMAMZ SR T 2> 25 5 OHERNAT L OESRLERS 2, A
HHHTIE, 7Y A S —DBIED 6, PEEEM T 2 AT AMEICE T 5K E LT, 2
Zh b L TRZZEMIOHMOI 22 a=r—y a Vi, OB HAZIESET 3,

HWMIS A2 o —vavild PEEREEDOY T IA4F 2 — v BT F = — v I3k
ODTILHTH 5, FMioEiE, P 7 v AIEECKHE 70 25 (WITRE) . Fv 7Ly
b e 3DFEE (BT 2L, TYYNVEEROSSIFIC A, Mk SLEEE, LEMS. 7
02, 87—, EDARHAHRE. FillaT A ADF - RS, IIcEs, Ly, oW
TEICETETHEOHRLZRKRD 5 NBRWIC R > T 5, 4 OFHliE - FEEOAIZFEA LY
AELSZRD, BERZT ORI E FRZID IS Z>Tws, LT, BogBod
MREERHEEE I F CTlE A2 FDE S v, BELZDIZZND LIS WIRZ BT 27201
. FEEVHLERoT, HitiE - R EE X
BT 2H ) AR Y — LN TH B, AN
Tl Z OFERE & TRIREZ1T)

®1 EPBHOBEZTIF2MOEHS (F)

- FEEBRSBEORANE 2 —Z2{FESTA MY
BHRE UTEH LI tiFESEHE

HERT BB 2 FIRIN A DRI T | ot 1c 513 2 PG - D8I - O K
)RR ABEZoNS, 2oz, JOH Ty T BECAERSETT VS HE
Y220 E LT, L7 o=y ARHE — -
sals  EBLEHNEESA L L BRES oK FLWFa—KMNUTZILOERENT (FERIFETFT

TN\ HEL
S e - NN 7R M - FEEICE =
Wt R R 5 0. B WO L L BE oy B8 (EODFOTORNS - HESICHIT S
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Highly Reliable Self-Aligned Top-Gate Thin-Film Transistors with Hydrogen-Doped Poly-InOy
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O(DC)Mir Mutakabbir Alom?, Motoki Ando!, Mamoru Furuta® (1.Kochi Univ. of Tech.)

[19p-A35-10]
oO—ovy
OFO K. &E 2 (1.HIRAZ. 2.535ITRX)




19p-A35-2

E8SMLAMEZENFTRITHRR BRTRE (2024 KEAYEEN2RIBEFVSMY)

R LEICE TS IV, IVELERSEREROEMAGR MK

Growth of High-Quality Group 1V and I11-V Poly-Crystal Films on Insulator

ARSRTLHER', AKREI? BFE' EFRES ' REEX? WEREN? OKERE'
Kyushu Univ. R. Hashimoto, T. Kajiwara, K. Moto, K. Yamamoto, °T. Sadoh
E-mail: sadoh@ed.ed.kyushu-u.ac.jp

Ge IE Si LVEW\WXx UTBEEZET L0, IHROEHE R T v U2 X OF v 32U
ELTHIHEN T[], Ge THER SN D@ R T v VAR ZEMBREIKSCT 4 A7 LA X3V |
WL T DI, mARE 7 Ge IR Z fEi B F IR R(=500°C) 5 7' 1 & A H RO Al H A
BEL 2%, SHIT, @l EE N b7 o P A ZEIEICIL, Ge F v K/LVE % M k(= 20nm)
L. BREZHTARAL 2L T8RS D, LovL, Ge BIEOBEZEDV T 5L, v U T BE
ERPIET HENDH D,

FEARE Ge IEICfE Sn(K) 2%) 2 TN L CREFRGR T2 & fidbiEs itk L. v U 7BH)
FERHEEIC BT 52, Lo LENTH, B LT 2L v U 7BEEIMETLCLE S, WK
{RIZHES v U T BEIEOSIX, #kIC LV BEE T 2 R E D b ORI O BRI K 32
[8]c Ge &HAREDOFMmICH N a-Si JEEIFHAT D Z & T, FmEBERAENIH S, 7L END
DREN R & 72 5[3], S HIZ, Ge EOREICF v v a4 5 Z & T, Ge EE KA
T LB ORM ORADIH TE ., MR OREMEESND, TORE, MiE Ge (K
=20nm) T H @V v U 7B E)EE(~100cm?/Vs) A3 32819 % (Fig.1) [4].

fafxisE FIC RS E I 2 HERE 1. . BVLBE L TREEET 2 B, NIV RS RIZB W T A
MTh s, M LI E RN A HER L . AR DL T OIREE CEUWLPE3 2 Z & T, Khif%
BT DEAEMERE S DD, Bl 20X, Zli7e T A KM EIZIESNE InSh R 2 HEREH% . 490°C
TEULEET 5 Z & T, WO TEmWX v U 7 BE)E(~10,000cm?/Vs) Z A3 2 FRiEE InSh (RIS
= 100pm) A3 EHLF % (Fig.2)[5], 1K= A b7 @ MEREEE T A 2 D F T & L CHifF S %,

ARFFED—E81L, HALK@EHFLFR 7' e ¥ = 7 MFEO IR 2% 1T Tiibivz,

[1] Miyao, JJAP 56, 05DA06 (2017), [2] Sadoh, APL 109, 232106 (2016), [3] Xu, APL 115, 042101 (2019),
[4] Nagano, MSSP 165, 107692 (2023), [5] Kajiwara, JAP 132, 145302 (2022).

a-Si

300r polv-Ge —~ A4
— POl aGe 3 10 poly-InSb
‘\>n - ® Sample 3 s %
NE Sample 2 T 5
S 200 4 Samplel Sample 3 > 10°
2 =
= Not- a-Ge Qo
% meas(arable : o
E a-Si E 2
5 1001 quartz 5 10
= Sample 2 =
< [
O a-Ge @) 1
) '/‘.‘\ .’f | . | . | 10 | | | |
%0 9830 a0 s0 | aaw 200 300 400 500
Ge thickness (nm) Sample 1 Annealing temperature (°C)

Fig.1 Schematic sample structures and Ge layer
thickness dependence of carrier mobility.

Fig.2 Annealing temperature dependence of carrier
mobility of InSb films.
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Solid-phase crystallization of high-performance semiconductor thin films
and their device applications
AR (REXRE ¥EMH)

Kaoru Toko (Institute of Applied Physics, University of Tsukuba)

E-mail: toko@bk.tsukuba.ac.jp

MR R 1T, FRAE IR @R DL N CEVLEE L TRl b2 T2 FIETHY  AEE DS L
(ZME B BRI A 152 7 L L THLD D MO TETZ, 7 HEAIME THY, B)— T 8
RHEIEAGHND— T £ OEKBRHEIL & AR T D AL S Lo THITRS M T&E T2, Ge 1
ZDOEOF YU T BB LRI MEREDN DRI T A 2B E L T FF S TS DERDIE A Ak
R TSIz Ge HIRORESERIAIT/ NS, v T BB IR MEICH £ TE[1],

e x 13 Ge DEFARCERAZIUNT, BIBEAL 2 DI G0 Ge M0 EE £ A HEREIRF D EARNNEMC L0 il 4
THIET, Zhbbh Ge RO BN RIRAL N ATREL 72 D 2 &% RN LTZ[2], AN RAR—2LL, Z4k
i Ge L L Tl @ DO EABENE[3-5]BLOE BB [6-9)4 I T HL T\D, 2O T
FE e R E B SRR ORI B T — 2 N EFESU[10-13], B8 & O - B R 7 e A0 B B
HrofE AR T INCH PN LT [14,15], $7o. RFIEL IV RIRS FHER[16-19]F LN -V R bE
YRR 20[ICIS H L7256, B iz it & Lo BE T T R [21,22]12 38V T | KRR E0F v
VT BN [ SRR S VT2, IS D SRS EEIRIZ D\ T, hF U AH(23,24], KB EEML[25,26], 24
EREHA[27-30]72 8 ~RBAL , RS HEMEIFEE L TRV T A AMERBZ FZREL TUVD,

R T IV R TV A BRI B AR R R SR m 2 & C L R E RTBR A O FE RN LD

SE85EICAYEF AT PMARS BRTFRE (2024 KEAVEEN2RHEFVFMV)

Tl BRRL AL L BB AR E D ) L B L OB T A AMEREIC DWW TRIERIISHE ST 972,
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Crystal growth of group 1V semiconductor thin-films during ultra-rapid annealing and
their application to device fabrication
LEXREERT OR F—H
Hiroshima Univ. !, Graduate School of Advanced Science and Engineering, °Seiichiro Higashi
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HEHRBVLIZ X % IV RSO R SR 1, BR 2 28R 2 VT B0 6 X U B OBgIA
WIFfEI TR Z b TE o, MO T EA T 7 AN L EH TR T 2560, HEND
DELEE TR T 25672 . MBREREOEWNICE > THROLNLERDORE SREXR

BRI RE S EBAR L, TEATZ 7 ALY a L EICEN L AL vslll
AT B = Ll ko B C I B L 2 T m
THZF U~ L—P—FEbIcB T, IR Y 22 0% 109~10° G

Kis R Gz S R TR S 5 i e i 96 A3 2 1 “

BRI E <BEE T 5, BRAEAETICEBOTER o
ZBREN ) & L7 IR R AAE AL AR (Explosive Crystallization : EC) & u‘

AL D md R DB S 41 5, EC 1T Rl R 2 B 7 s |
iR T OB S L. SRR K o T 10 pm 12 & SR EY
Fig. 1. Explosive lateral
crystallization (Leading Wave

FFE 2T % (Figs.1and2), ZOBZRIT Y aBXO
TN =0 LT THEHIND, TEALTZ 7 AT a D
JE23 10nm FEEE 1< 72 D TR A I AR EE 8 Y N2 Crystallization : LWC) observed
7 AMTEIET 2 L= =7 FELT 7 2L EMFEINDBE B in melting and  crystalline
SN, ZHOREERERAOIIIEIZIIR A o2 OGBS grovvth of amorphous Ge films.
AWHRTE 7z, IO KFEPELIREEOE D HARZEL BN et
2T 2 FIEIX T MR RERICAERRERE 52D
[1-3], CMOS 77 / vy —o#ELHIC L v 2 U BOME i
WZOWTIINAAE—=RAATZHHAHATE D X922 -72[4],
VU arBIOW vy = v M3 AR O kR 8 A R
T, %zh HOBIFHETE LS B D, fhimfbgEor ) ar
M TIFIFEMICEL . R 107 ecm3 L Lo p B Lt n L R
~EV7 X OMECHENARETH D, MRIRT LT 7 A
v o U EIRA RS T 5 2 & TEMERECMOS kT v U R
HYERLNATEETH Y . nMOS T 300 cm?V-ist Ll B> R R
L 5% FONRT Y X THDLZENTE DB, —FH. I N R
~ =0 LIRS p BUnE 2R L, KA EIE#IZ~108 cm3 @ Fig. 2. EBSD maps S of Si films
el O IEFLEE FE 2 R 97[6], MRRIR 2 o R—7" 77 7 A crystallized by melting and
B = AEERGESIET DL 7 o &2 Y s kv fEsy  solidification  with  (a)  lateral
KR A C & | EALBEE T 5.2 100 e I T35 & & bl 97oWth (grain size as large as 100
BEE 1080 cm?Vist Ry, FABED FIETIERL LY o F—F ;%?i@£$$EMECMm
TENT 7 AT~ =T LA TIXETBE 3.7X10Y7 cm3, BE#)E
2720 cm?V-ist &2 R LT,
[1] G. J. Galvin, Phys. Rev. Lett. 48 (1982) 33. [2] M. O. Thompson, Phys. Rev. Lett. 52 (1984) 2360. [3] S.
Higashi, Jpn. J. Appl. Phys. 40 (2001) 480. [4] S. Hayashi, Appl. Phys. Lett., 101 (2012) 172111-1. [5] S.

Morisaki, J. Display Technol. 10 (2014) 950. [6] T. Sato, Jpn. J. Appl. Phys. 61 (2021) SC1011.
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Effect of hydrogen in a-Si:H film on excimer laser crystallization
EERIAI' OBR &' R = BB EA'
Univ. of Hyogo' °Akira Heya', Koji Sumitomo', and Naoto Matsuo'
E-mail: heya@eng.u-hyogo.ac.jp

[(FE] FENEMEIO U —F — b S AEE LB W TEERFEN CH L & L bic, M
BrovaRL - B LR O R O 8 /e E R L BIBEWERZE A THWD, BIfE, KFLEDHE
BAROHNDLH, BEUEFOKEN L —F —fEbbBRRICB N TED LIRS HE 5 it Hkx
PN R DKFE OB A BRT D E >0 D LRI TE 5, 22T, AkFEEZEGDIESY S
(a-Si:H) D L—H —#EEbIc B DAKF O R ZET U7 R, 2l W T35,
(=B ] SiO EAHERE L= T A b BT a-SiH A 2%y ZYETHERE L=, SiZ 4 —4 v
MFEFE L, A28y XD Ho/Ar T &2 0~30% & 2L &85 Z & T, a-Si i O KE R E %
B U7, a-Si:H A IS KFBIRE DA 2 B - 72 Wil L BB 2B b ERL L 72 (K 1 FEBIR),
=¥ w L —H7=—/ (ELA) X KrF (248 nm). = R/LF—EFEE 100~200ml/cm?, > = v MK
1,50 [A], FEMCA/V AR RT, EZEE 107 Pa LL FOSM:CTfT > 72, ELApoly-Si IO M1 7
~ ot JRFEBEMEE (AFM) 72 SI2 X v To7,

[FR & B£] ELApoly-Si D7~ o7 b, HElE, ffbEa X 1ITRT, KFERENENT
B)—7250kE A, B O G | KFIRENHEINT 5 & i bR & b2 gm L 7=, 24U Si-
H #EE D OLARENIHSNDBIZAEL D =31

F—IZ KRGO - R S 7o T 2 100 oot
hHEBEXBND, ZOMPEL—P—T ¥ o S
— AN S OB RICHE Lo T, = o I

peak shift

Raman
cm™)

AFM % [ 2 1277, v a v NN % & =
ELA poly-Si &0 2 i J2HE 4 O AT HE N4 % 161 S ey Ly o
f% 7% L. a-Si:H O /KZEEE « SHICEEXH = ; s
L2 ENIRENT, T, KBRED 8% &m0k J2 . :

BB CHBOMBERRR AL, ST —F— 3] @ e L e f
H\E\%Hj{’@ﬂ(%@%{%bz c]: }:) k %2_ %h}:)o va D S & 28 50at% 80 at% 5.6at% 82 at% 6.3 at%
RECS BN LT b FIEEMN LT Lo 72 2 & M e

5, —[EIHO L—Y—BHTKEN & 5 R A :;Snl: ool [o el [s ] [ ot %2 .
LCWDZEWNRBINT, —FH, KFREITIZ - E ;m =l

(E[F CTE3, IR SRRV 7 181 D A & Ff 2k
BED CHABHIR ST, MREAREOR T 1 ELApoly-SiD7 ¥ 7 b A

DN BHIEZ D 2 LT, KRFEZEWBIC X 2R i A en RO a-Si:H FEH DK FH
I CXx 7=, — I H T A5 EdD a-Si:H =D L TR AR AT

— =il TR A SRR Z D
DS, AWFTED & O ITHRENFRIC m Kk R R E & TRk
T 5 2 L TR AL O BRAANLE 2SN ERIZ 28k L
Tl ThoEEZLND,

O XD IZEPKFEIT ELA IR B b
DT ENHABMNEIRoT, Y HITKFEDE DM,
DIHFIZONTHHET 2, 2 ELApoly-Si ® AFM & (5% 5 um?)
[1]A. Heya et al., Jpn. J. Appl. Phys. 45, 6908 (2006). FE% . 1shot. FE% : 50 shots
[2] A. Heya et al., Jpn. J. Appl. Phys. 46, 7858 (2007).
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Realization of flexible high-mobility transparent conductive films using
photo crystallization techniques and their device applications
ENHRFAREN EXRTRAMRA OFX F—!
National Institute of Advanced Industrial Science and Technology (AIST) !, °Junichi Nomoto'

E-mail: nomoto.junichi@aist.go.jp

R0V AMGIZ K o TEN - AL BN R A HIEE rTRE A YL R AR 1, SR ASE ) C & Zpv7z
CHERIFIRE SN TWEMERECTERR A A L, BR D %R - ERPRIAENL 7L X T VE
TNA ADEENEXZDHELEIRTH D, Fx TN ETIZ, ARSI 254 - ik
ST & SERRETEI DO BT D itz X0 | AT RETERR LA 2 T A M Satk BITE
RTEDZEWRELTND [1], AFRTIT, JEIRENC X 2 EEMSS OB N RHICAF#E Th - 7o
7 L XUV EBEEGEIIEEROHREIC OV TR T 5,

KFE H) &Y DL (Ce) i EDEBSE LTI L2127 A InnOs (ICO:H) 25 100
cm?/Vs B2 5%+ UV T BEE (v ZEBTEX (ITO O%E u <40 cm?/Vs), EXInE L2 AL S
D2 ER<ARNF v U T EEICK Y EHISEE A T RN R E TR 5 2L TESH L
MO RO ERE 2 A4 2 KEGEMMAOBEME L THRFT S TWD [2], ICOH D mEfEHEhE
DRI, IR E ORIBRAZ K 150-200 °C OINEMC X 2 FEFFE RS2 2 & TRET D, Lo
LR b, RY)=F LT 7% b— | (PET) FOBNEEM 2 V25613, THEWEICAR 2 &
WAECDEOMBTEH L, Tz, 7LX 7 AEBEE n0; BIHEEREZ LRI L2 &
TN TH -7, MRRRE L TR~ 1T, KiF =X v~ b—F—%HWTICiEE L, BRI
DIEHGRME, L—F =S, 2 LT BiERICRAET DM 7 7 > 7 26T 720108
W NRE > & B JE ~OBMRESC B IR A 2 i, Filb 352 & T AARB Cho727 1L
XTIV E BB E RV EEROEBI R LT,
Frio, RO 7 A~ 78&1ETERLL 72 ICOH
RIBRARIZ BV T, RTEWE 7 L o 7 L Sk
ECIIt A RSB EIE O 4 =133 cm¥/Vs & 5EH
THZELICHIILTE [3]e Z OFEATE R L7
HERLEN & —F —FEA~DT A ZEHERNIC
DWTHYHENT D,

[ 3CHk] [1]T. Tsuchiya et al., Chem. Eur. J. 26

L — — R 8380 L—t — R8s

L—Y —iRe¥al L—Y —iRei1%

(2020) 9261. [2] T. Koida, and J.Nomoto, Phys. Rev. ERBEIRE 27 cm2/Vs  SISENE 133 em/Vs
Materials 6 (2022) 055401. [3] J. Nomoto, and T. 7 L¥ 7 VICOH B LT
Koida et al., NPG Asia Mater. 14 (2022) 76. AR R BT [3]
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OLED Display W&t/ Ny o 7 L— 2 Ffl
~LTPS, LTPO A5 HMO (B2 SRR LM /iK) ~~
Cutting-edge backplane technologies for OLED display
JDIT CEWEE L EEAL kAKEA BAEH!, ZARER., KH Mzl
Japan Display Inc.! °Masashi Tsubuku?, Hajime Watakabe?!, Toshinari Sasaki?,
Takaya Tamaru?!, Marina Mochizuki?, Hiroyuki Kimura!
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WEOH/INT ¢ AT VA FEEICBNT, Av— 74007 Ly b EWo o T A LIS
DRESELL, SHIZIEFAT— b VA Y TRVR T A AT LA REDOY =7 7 7 VRS 15
EIWRLTWD, ZHOOEHIAWLILD OLED 7 4 A7 LA IZIX@EFH, @7 L —AL—k
EWV o TERER T T RIHBENOERNP L VB KO OND L HICR->TETWD, 20D
BLRIZK L, 41X OLED 7« A7 LA OJEIAEFKIZ LTPS TFT Z i 1 L | iR [E1 38 (2 b4 TFT
A3 S 872 LTPO Hifli & FV 5 2 & Crksio >R E I BREN 28 AT e/ 734 22 RBLL T 5,

—J7. BAt®) TFT OBENEZ LTPS R ICm LS5 A b HE SN TWD, EkOm{by -
MK L, SRt L 7= BR b 354K (poly-crystalline Oxide Semiconductor: Poly-0S)% v\ % =
& TTFT FtE A RN LB S DB REOREEZ A DD, BEIEZ KIFIZH EXE5 2 &
BEIC72 D Z E Do T&E T, Z OHf % Tk~ 1% HMO(High Mobility Oxide)fiffi & FEA TV 5,

Z @ HMO £HIl13, Fig.1 1273 K 9 IR DERILY TFT &L RIRRDOFH S Z A LT £ T ERIRY
BEAE ESELZENTE D720, BIEW TFT LRICA 7 V) — 7 BHRAEFITIEL | a-Si TFT
DX D T FMR A XD KIEFELA FIEET, 23> LTPS TFT RIS OBEENRE ) 2 EBLS W5 Z L3 T
5, FLEETHONON TV DBMEORM A BT 52 LN TELZ b LHREOAHY
BRI S AU, 230 LTPO i & e LT, 7 4 h~ A 7 H0 TR S KIEICHIT 5 2 &3 T& 5,

F72bH HMO Hiffiz 5 Z & T, H&H D OLED 7 4 A7 LA 12RO LTV 5 EFSRENE &
RIEREE 1% LTPO HAT O X S IZHSLSH RN G, S HICRMDa X N T o0 FED N &
FHTX 5720, 5% D OLED 7 4 A7 LA @ Backplane Hiffi Z & & #2 2 Cu» < AIREMES BV,

W/L =3/3 pm Conventional Poly-0S(1GO)
28 pts (IGZ0) Standard Improved BTS Improved pee
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E B
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Highly Reliable Bottom Gate Poly-InOx:H Thin-Film Transistor
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JERE BRI EAR D RETH 5 In-Ga-Zn-O(IGZO) i3 BB F AN AL BN L (ure)=10~15 cm?/Vs D
7 v AT MG I N T w5, X T 4 27 1/4«\0)M?FH M X575 pee DWGE
BUETH D -0, HFEE T 160 cm/Vs 23s T v 3 LBty 8k ch 2k 4 v o
v LEEICER L7z, [1] AT 7+ IV 75

7 4 —=KER G4 A Vv F T T AFENR EIKFRRMES FE R A v 27 L(poly-InOx:H) TFT % 1E
L7z TFT XA LTS —FRITH D 7 — MG ICIZZE R L 72 BE 68 nm D [5Hx[H
fkrri=v A(Aleg)% F ¥ A VBT 13 300°C I T EFHAS (L U 72 B 30 nm @ poly-InOxH % |
F v A RERIC IIFHER AR 7 7 X~ SRS (ICP-CVD) 1< THUIE L 72 SiNW/SiO-fEfE i %
72, [EIAHA naaﬂcfﬁ@ poly-InOy:H D R B 134 InmTH - 72[2], 1ERLZZTFT D F %
AINEBLTTF v A NVEIZZNZEN 20 um & 60 um TH 5,

Fig.l I3ZNZN@)TFT OfmiEFrE. (b) L 2 WEEE V) DR R + 7 = — Vil B (Tera) K FE 1 %
RLTW3, As-fab 225 350°C~ & Tepa i ED FFICON Vi IZIE~E & 7 F L. Tpra=350°CT i
V=058 V & TV NV RRA Y FRITFT %R L7z, BEmTho 2FrE—EIcBL Td zhztn
ure=32.0£0.22 cm2/Vs, V4=0.58+0.1V & RIF iR G b N7z, FHEEICEAL CAT — P4 T X
Bz b L A(NBTS)iE % 60°CT 6,000 T o 7245HR., &2 Vo> 7 FEXR LN T CTEN
NBTS %R L 72,

50

10!

Druln current (A)

Fig.1 Annealing temperature dependence of () TFT transfer characteristics and (b) Vin; (C)NBTS reliability
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Highly Reliable Self-Aligned Top-Gate Thin-Film Transistors with Hydrogen-Doped
Poly-1nOx (INOx:H) channel
°(D3) Mir Mutakabbir Alom !, (B4) Motoki Ando?, and Mamoru Furutal?
'Engineering Course, 2School of Engineering Science, 2Center for Nanotech. Research Institute,
Kochi Univ. of Technology, Kami, Kochi, 782-8502, Japan
E-mail: 256002u@gs.kochi-tech.ac.jp

Oxide semiconductors based thin film transistors (TFTS) have received immense interest due to their high
mobility (Uee), large area uniformity, and low leakage current [1]. Bottom-gate oxide TFTs exhibit large parasitic
capacitances in the gate and source/drain (S/D) regions [2]. The top gate self-aligned (TG-SA) TFT structure is
prominent to reduce the parasitic capacitance. This presentation focuses on the reliability of TG-SA poly-InOx:H
TFT.

The 30-nm InOx:H films were deposited by RF magnetron sputtering and annealed at 300°C for crystallization,
as show in Fig.1 of fabrication steps. Next, a 140-nm SiO; layer was deposited at 300°C as gate insulator (GI) by
inductively coupled plasma chemical vapor deposition (ICP-CVD). Then, a 150 nm thick AI-Nd-Ti alloy was
deposited as a gate electrode. B* ions were implanted through the Gl to form S/D regions. Subsequently, a
SiN,/SiO; stacked film was deposited for an inter-layer dielectric by ICP-CVD. The S/D electrodes were formed
by Mo/Al/Mo. Figure 2 shows the transfer characteristics of the TG-SA poly-InOx:H TFT. The as-fabricated TFT
shows the depletion-mode characteristics. After applying the post fabrication annealing at 300°C, the TFT
operated in an enhancement-mode with values of Vi, and pee are 0.23 V and 29.18 cm?/Vs, respectively. Figure 3
shows the changes in transfer characteristics under NBTS with a gate voltage of -15 V and grounded source and
drain electrodes at a stress temperature of 60°C for 6,000 s. Poly-InOx:H TFT exhibited excellent stability under
NBTS with no change of the V. The reliability of TG-SA Poly-InOy:H TFTs will also be discussed.

-4 = -4
. 60 -
B* Implantation 10 e 10
Gate Insulator ~ T0p Gate of 50 by of
] 210 ] ‘As-fab’ f:s :f‘ 0
_ _ ' - L . f:“, -
T sl — Ten200°C 140 2 = ] — Iniil
S10°f — T2 | E S0 f 10
o — Tpe=300°C' | 00
Poly-In0,:H ::> Poly-In0.:H 2w r ™ 30 E 5 " r — 500
- = ] —'1000'
| Glass | Glass 'EID ] ’r,«"’ d20 2 .Em r e
5 u r W § E ] r — '3000'
12 . -12 — 4000
@ ILD 10 & 410 100 5000
/ r " N 8000
IO‘M L AP R D U!I_ 10'14 Ltmﬂd Wﬂ 1 1
I -10 0 10 0 - 10 0 10 2
<:| Gate Voltage (V) Gate Voltage (V)
Poly-In0,:H Poly-In0,:H Fig.1: Fabrication steps for TG-SA Poly-InQ:H TFT.
Glass Fig.2: The transfer characteristics of TG-SA poly-InQ:H TFT before and after PFA.

Fig.3: . Evolutions of transfer characteristics under NBTS at 60°C for 6,000 s. Gate voltage stress was -15 V.
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2B REAINE R IR % FALT-CWHER L —HFIfEIC £ 3230 N2 LN E_STRFEE
OARH BEAL. &H BH2 B8 BA2 &T £ MEE M2 BEELE2. FTE EEF3 =%
FA3, tAHF EBR. g2 BLUEBBZVAMRARI. 28K =27 R 3.2EARI. 457K
FzT)

[17p-C42-10]
AlGaNZ&UV-B LDD;E AR M L ICAEITT-BAMEME DA T O R ER AT



tyiary 2024 FE35EICHAYMEZEMETEMBER

OFn® HE. =% AR WHEXR #& £ L BK 4K H8H. BHF FE Bl
B ZEHFAL TR BB B8 FEB (1L2HAETI. 2.=28KRI)

[17p-C42-11]
DHEEDE R —E 2T % AWTAIGaNFMEp-n& 1 F — R ORI T

OAH £R123 M BHWY. AEA BEFEL KB E123(1.L4AKKHF. 28ADEVE—. 3.4K
IAR. 4. ABeT)




17p-C42-2 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

V4 E¥vy THEBURSBEED T ILF R 7 —ILEHE
Multiscale Characterization of Widegap Semiconductors Multilayers
BRARRI !, BRXEBHEEUZ—2 AKX IMaSS2 Ol 21, BHF !, LK IE?
Hrh 323 FAH ERx3 EmHF EML HIL EZ!
Grad. of Eng., Osaka Univ. !, Research Center for UHVEM, Osaka Univ.?, IMaSS, Nagoya Univ.?,
°T. Tanikawa?, Yuya Ishiit, J. Yamasaki?, A. Tanaka?, Y. Honda?, M. Uemukai?, R. Katayama!

E-mail: tanikawa@eei.eng.osaka-u.ac.jp

ZHTF IR Z R L2 R eA A=V 713U A R v P8R B O NI S5 A7 5 s
PLENL U & LI R B D ZAR 72 040 A IEREE TRk Z LR TE, GaN R SiIC 2 LD E
BRI A2 D & L TR SN TV D, ZORMEFIRIZEAN G MICY 7 I 7 o URRE DM 5y
fREEAB LoD, L—VEERTLHZ L TR — LD~ 7 a/gi iR GETH D, L,
PRI O K & 72 BT & RYTEE I H R U ITRERR S F AN’ Y | 220 fRAE X
VAT AA—= NV A—FIEESTCLE D, O, ZEHEEOBETMICITEERH DL, U
A R¥ v v FAERLBREE ORI O 72012, Fig. 1ITRT X 9 22550k « L EA A=V v 7 %17
WV, RFED RN, ~T g EORNE BRI T 5 Z & TEMOMREDREZ —
HekETE % (Fig. 2), A#ME TIX, GaN, SiC, InGaP, Ga0372 & HFUEISF, VA R¥ v v
TR D Z JEREE OFHIARHT IZ DWW TEF DY FEME L C & TR AR 5 [1-5),

[1] T. Tanikawa et al., APEX 11, 031004 (2018).

[2] M. Tsukakoshi, T. Tanikawa et al., APEX 14, 055504 (2021).
[3] A.Ogura, T. Tanikawa et al., APEX 14, 111002 (2021).

[4] T. Nishikawa, T. Tanikawa et al., JJAP 62, SF1015 (2023).

[5] T. Tanikawa et al., 32nd ICDCM (2022.9.4, Lisbon, Portugal).

'|Laser
N

- Laser PL 1PL 2PL 3

DM, V2

Sample[
plel AT PL oy
OAPM, BPF =
Lens ==

lijiAPD

Fig. 1. Schematic of the optical system for
multiphoton excitation PL imaging.

Fig. 2. Schematic diagram of characterization of
multilayer structures using multiphoton excitation PL
imaging.
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GaN EiR EIZEEE L1= GaixInkN/GaN REEFik &
FDH—{ELIE-EBFRIZHT D X/ E—LIZLIBEERNT

Local Structure Analysis by using an X-ray Nanobeam for GaixInxN/GaN
5-quantum Shells Grown on a GaN Substrate and a Single Sample Extracted from it
LHEARET !, BEELRENRE 22 BRREHH - SXTLBES
HUR FERL, KH ML, /R BEIRL ZH MR PR BRE, FH BES BN —EL
FH R B fW2 43 FZ2 AN %2 kBl 81 434 K
Meijo Univ. !, JASRI 2, Nagoya Univ. 3
°T. Miyajima?l, S. Ota?l, R. Kobayash?, N. Yasuda?, T. Nakao?, S. Arai®, K. Nishimura?,

K. Aoyama?, K. Sumitani?, Y. Imai?, S. Kimura?, S. Kamiyama?, and D. Imait
E-mail: mtakao@meijo-u.ac.jp

[T&] Fric7e v, GaN %% H & 1% (Multi-quantum Shells, MQS) A & 12 H ) L 7= it ik L
— P ORE IV AFRENRE S 72[1], GaN &2 MQS iE, EAEE nm « & S um OAR AR D
GaN F/ A Y OWiE T 5 m i FIZAE L7z GaxdnN/GaN ZEE - H I TH | P8k —
FOEEBE LTHNWSZ LT, 2ORMIMEDRFIFF SN TWD, 2872 01E, (B AREOH
REBEFHACIAD Y 2 2V WROMHIRFAIREIE NG Th D, HIR DT A ARO[ RITiE,
INOOREZEN LR S, IHEENO InfLRsmzdilifld 52 ENAEETHD, Frld, K
WG SPring-8 @ X ) 7 B —ARPFIZ LV . nm H A XD MQS DA EFEMA FIHETH 5
ZEERLTE[2, 2T EIR SOV ARIR[ANCER A S 4072 GaN 2 E o> GaN sk fE & 77%(5QS)
L. FO1AREM LN 95 X BT/ E—ARPHICE D . In RO 5A6 2R Tz,

(=B ] HERE & LT, MOCVD JEI2 L 1 |
c M GaN Jk BIZARMAHERD GaN 7/ U A v %
1600nm fHif@E CIERE, £ OMRIBETH H m 4 &
9 X 912 GarxInyN/GaN T8 &+ H 7 (5QWs) A3 ik
Faiiz, ZoOmE%E SPring-8 D2 SO E—LT | XTEY
A > BL13XU & BL4AOXU (2 CHIE L7z, BiE D% BL13XU BL40XU
AT, R ZEEBAR . MRZL725QS D 1> mifl  Figl: & E—2A 7 A v CHIE L7 RO R X
I X T/ B — L& B L CRITER] 4. #E 10° .
DBPEIT, B—D 508 % FIB v~ A 7 u¥ 7Y v d
SR EOHEIH L, £O mEic X ) E—La%
HRST U CEHTRIE[4] 21T > 72,

[#R] Fig.2 (2, H—? 5QS O FHB, Pk, L&

(z=0, 300, 600nm) & 300nm [HIfE T X fF ./ & —
L R L7284 0 1-100 Witg 1~ » 7 X D i L
72 QoI[1-100)i %95 X #RBRE T v 7 7 A V&R L
72, GaN }5 L ONBQWs 5 D7 F A kB — 7 Oth,
-lst, +1st kO FES, R, EEOETH AR
10.8, 11.4, 10.8nm, Hj7 /@ In fHAkIL 23.2, 22.3, 3
23.206 & K> &7, 9 1 [1100] (nm)

Fig.2 : &6, HB, LD X BRIREE 7" 1 7 7 A /L

WEE AWROERRBER, MTNEHERR, RIFEERICEEHE L ET, £ AR NZEO—EILEIATEH
FIEAFT = 2L X — - EEEFINR G BT (NEDO) OBhai# ¥, SR FPEREFH¥(ET /77 / no—T7Fy
b7+ —LEREE U TA B REMMEERNT 77 » b 7 4+ — 20X E FYEF S IPMXP1221NU0052) (T &V
FEhE U7z, BUREFERRIL. SRR P st v & — (JASRI) DGR A 15T, SPring-8 @ BL40OXU & U BL13XU
THEM N7z GREE S 2021B1563, 2021A1507)

[1] K. Okuno et al.,APEX.,14, 074004 (2021)., [2] T.Kondo et al.,IWN2018.,J7-3,Kanazawa (2018).

[3] /IVbRAth, %5 82 mIS R A 2 BK 2RI I 2%, 10p-N101-20 (2021,43 3R “F)

[4] CHfl, 55 83 [Hlt M ER 22 Bk R E AT T 23, 23a-C200-11 (2022, AL K7

single

Ga—’_xlan ala
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TILFRT—ILIE /N BT/ EEDRIR
Multiscale III-V semiconductor nanostructures
EXERKt ORI BXEB
Hokkaido Univ. RCIQE, °Fumitaro Ishikawa

E-mail: ishikawa.fumitaro@rciqe.hokudai.ac.jp

[ W RE A ~ 7/ m A — L CHFIACE 52002 ) -V JET /) U A Yid, SRS RE
FUETHR  ISAGID A SN2 EARH 100nm SL R, & S8 pm DL EFREE O 1 ROTHIFEE T,
Fx U TEE AT O MR O — KT A & IR L Y b R E R BRI ATEH LA e L
TW5, M-V JEERIIBEAM R CThesiE OB T BB ECHEEER R DN FREEIZER Lz
WBEBDFEFA L, TP AFRLLED, L—F—iktE L CBEOHSICRB LTINS, &
UVar R EORTERORE S BB b 7 UA Y ThHIUIBMNEflEE ) O & e = v
H Xy VRN ATRE T, MEHRO@ A2 RESIERTE 5, FE OITLET /) VA Y E A
R EE D Ga H O Z @G22 T v arya Rl TESMED GaAs 7/ U A ¥
EREBTIEAX U LET L2 LI Lz (Fig. 1) [1], FREHID A YRR TR 72
HEL TR D 98% D Y2 WX, BEfis @K EDK) 1 ns ORE X vV 7HMmE2 A L, ERKEHE T
GaAs MR & 0 & IRVFEIREL DG BTz,

F O HEEREE TR, v 7 it ZOFENCIIAE SRV ETFRIRC. MR 72 & B T
RIS HERABAEL =T, AR T, SV ar v boF ) 27—V M-V RT 7
R & EDOREEALND, T/ A7 —AEEEEO Kb &, v v F A7 —)VER 72 5 Tl
DOFERE(L & ATREMEIC S W TR 5,

Black appearance by the ligh},éé
beol-nanow

of the large num aA0Y

Figure 1. Multiscale I1I-V nanostructures

[1] Minehisa et al., Nanoscale Adv. 5, 1651, 2023.
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I11-V/Si ££F&IZ M) 72 SOI (001)ZE:AK _E InP 45 M MOVPE 2K & (3)
Selective lateral MOVPE growth of InP on SOI (001) substrates for I1I-V/Si integration
A ABEEFKEASI NTT SLHERT /N AT
O FHR, 21U BAE, B GEER, g Rk, R ER

NTT Device Technology Labs., NTT Corporation,
°H. Homma, H. Sugiyama, T. Hiraki, T. Sato, and S. Matsuo

E-mail: hiroya.,homma@ntt.com

EU®i] Si k M-V -SSR SE PR ERANIC L 2 Si BREEATRIL —V 0T /U vy 7 £
X, ~NT R T ZEREHE L, 2R FRAL—T Y OB D F DO EHRHE STV DR,
SVII-V A CTHEL D RMBIZEY, — RIS —FRIRICKLER&GHERREZSL Z EITE LY. 2O
REDFERAZ AT T, Fox1x SOI (001) AR BT Si {111} i &R E~ A7 I N ez F
T HM A VT Si D IV BEER AL MBI E T 2 FEIC LY, T3 2~ aTRg7e
g % A9 DIKEEAL B L O InP MIEORIC I L= Z L2 Lz, UL, @RKEREO Si LD
M-V R0y 7ry b7 7y hafsE LTAEL D REENE DN ELIEOEN TH 72 V.
SEF 2L, REOERE 225 Si O AL A W@ HIE U728 LR E V5 2 LT, B iR
FRERHCAE U D[ & PIfl T& 2 2 L 2 KA L7 O CTHET 5.

[32Bk] AR ICITHMER MOVPE 25&, I f&JREFE LC TMIn, TEGa, V f&EEHE LT TBAs, TBP,
PH3 & HW 7o, BiAfiE O JEMIE, SOL(001)FaM HIZ Bl U 7= BRIk LT, [110]5 % L TRt &
FFOBRRAZIER LIRS, Si & Ry FU 7452 TERTD. V77 Lo AHONERHEED
m}iﬁﬁ%%& ERESRMFIIINETLRETH oot

). MRS FOEFSAEE & SEM % V= - o d

[ﬁ%k%%%] 1 TR O A R i :
KAERE O (@)X Si{111} KA H[110]75 A2 3R
R A ETe. (DITRFHMA[1-13]5 OB A %
e LIZ3A T, Si{311} &M H S[3101 5 Ak
FT 5. 2N R % AT InP @A R
L, M Lo biFEbrE, ROk >y F
7 % i LT3 O S P BB A X 2 12T ¢
SRR L2 InP O Fif(a)l2iE, [110]J717) .

HRY 33° OF MR D FERE K K o = 2row Stacking
U F Uy MAREICEIS . ZIUL, W ot
o BT RE RO TH L V. —T7,
BHAEE I THRE Lz InP OFRHE(Db)ICIE, R
D=y FEy MIBH ST, BEOHERRIZEE)
L7z ExR7. 2, SiBIEEESE L
[B310]5M~DETHDH Z LIk P o7 1

Y77y MTED S {1} OEIEG B3 - 72 =
TR EZ LN, Fig. 2. Optical images of laterally grown InP.

[001]

— Si {311}

(a)Conventional structure  (b)New structure

Fig. 1. Cross-sectional structure of each substrate.
(a) Conventional structure., (b) New structure.

(a) InP film grown on the conventional structure.,
[Ref.] [1]AFEIfl, FKZI4,20a-A311-7 (2023). (b) InP film grown on the new structure.
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17p-C42-6

MOVPE BRERIEIZ L D AlInP 7 1 & & #Hifi
Selective-area MOVPE of AlInP fins on InP(111)A
OD)K th#t, (D) F3 v, XX E—, EM *A
Graduate School of IST and RCIQE, Hokkaido Univ.
°Yuki Azuma, Ziye Zheng, Junichi Motohisa, Katsuhiro Tomioka
E-mail: azuma@rcige.hokudai.ac.jp

[ E/BH] &t & 1 4 — F(Light-emitting
Diode: LED)# £} Tl fkfa~salk K4 CF
BRI, N TR T DREHERT 3D 72 iR
AN D, FoxldZ OEER RIS D720,
AR K D 7L Y SR (WZ)ANINP Hifk
R oD S LED I &2 B4E LT B,
WZ-AlINP [ZEHEEBR DN REX v v 7%
Fpo= ol RS EHIET S 2 & Thkta~
O C R - MR DR B D,
A [E1E, WZ-ANNP Bk & o K fEpk R 2 ms
T, AllnP 7 ¢ > OFREE & Z OFHh 21T
2ol D THET S,

[3=851:] InP(111)A Hap 1T SisNs % 20
nmARXyZ Y7L BrE—AY YT
T4 AT VRIEZ Yy F U 7B =
v by F 7T 1 NFEXKO X HICB D
INF— U HTER LTz, IRWT, AR X<H
B (MOVPE #IRAE)1E T AllnP 7
VERBERE L, BESRMHIE. e LTH —
¥ U—TF NIRRT 0 (TBP), hU AT
AT =T LNTMAD, U AFA Y
7 A(TMIN), FCEIREE 660°C, RRFERH] 20
53 VI B 24 T, AP TO N REEO
Al b= (X30% & L7z, 74 ML IxytY
A (PL)HIEIT=IR, FhiEd k& 462 nm T1T
ol

R EE]K 112 AP 7 ¢ VBN KE
FERAIRT, AlINP 7 ¢ U IEBR O ERICHE - T

FEWRBEF TR ET 2 & &I B
HLEET DI T LIRT K o ICEEY
A7 q4vEtECcarrivr AL, £2, 7
4 D7 7y MIEIZFEHETIE R <,
{110 N THER S e R 7 7 &
RSB S 372, ZAUE Al WSRO F THi
JEE R NE <, {-211}i £ T AlInP 23245k
ElLilzwéEZzoND, 612, Al it
W7 4 AMUNENZRAE T D 2 & TR MR
MettShar Lk AL-¢EZ N5,

BI2ZAlInP 7 ¢t > 7 LA ®DPL ALY |k
VAT, VERLLTZ7 ¢ v 03, =R T 1.340
eV, 1.430eV, 1575eV, 1.771eVIZE—7
BRIOFEIART MVERTZ ENDND,
FEHAIFIZOUV T, 1.340 eV | ZB-InP, 1.430
eV I% WZ-InP, 1.575 eV % ZB-InP Jfi &
AlINP 7 ¢ > DR E, 1.771 eV X AllnP 7 ¢
YOV RERNICHET D EEZLND,
A WZ-AIP DRV RX v v 7% 297eV &
T2 LR 1771 eV ORI — 7 IS [EFE
D AT 33% LEHFE SN D,

PL A7 MG AER L= AllnP 7 ¢
WZiX. WZ HH & ZB MHDNRAE L T2 AlHEME
N5,

WHIX AP 7 ¢ R E & ALK
TR A& I O WTE LT 5,

(2% 3]
[1] F. Ishizaka et al, Nano Lett. 17, 1350 (2017).
[2] A. De et al, Phys. Rev. B 81, 155210 (2010).

WZ InP AllInP
ZB InP/AlINnP

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

ZB InP

PL intensity (a. u.)

i AR h 1, I SR
1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

Photon energy (eV)

Fig. 1 SEM image of the AlInP fins. Inset is
schematics of the mask openings.

Fig. 2 PL spectra of the AlInP fin array.

© 20245 [CHMIEES 100000001-174 T25



17p-C42-7 HE5EEFANEF AT LIRS WETFHE (2024 KRAVLEN2RIBEAYSMY)

FREEERBICE T ERREB & [11-VELEFKESR

Low-temperature-grown dilute bismide III-V compound semiconductors
for novel functions
[EREEET !, LXEStE?2 €IRIT K3 BHABKX!
OFk KEF! A BAER? jthk JEE3, LA B¢
AdSE, Hiroshima Univ. !, RCIQE, Hokkaido Univ. 2, Kanazawa Inst. Tech.’, Meiji Univ.*
°Yoriko Tominaga!, Fumitaro Ishikawa?, Noriaki Ikenaga®, Osamu Ueda*

E-mail: ytominag@hiroshima-u.ac.jp

GaAsBi IZfAE I 2 A~ (Bi) £ U-V BEMRERSIL, Bi #0708 —E 2 b GaAs
fimn O HIZHR Y AT 721 T, ZHFEAS SIS/ NS <25 EFH BimAmTrLF— 7 b
T 5 EEHIHE OIR FERAFME MBI T 5 & W o RN BT 5 Z LR 5TV A[1-3],
fE AR OBLE BIE, Bl OJF1-225 Ga, AsHJRTOHD XD L RENWZ LD, Bi & IV
JRASERIR S A IR T 21213 400°C LA T DIRIRE R RN E TH 5 Z & b YR DFFE D —
DTH D[4, AW N—T T, BRI SR %2 IR D InGaAsBi [ZED, 4 f#tT
E&#y—(mw)%%mwtﬁmﬁﬁ®¢f%ﬁ ZIEIR D 300°CLL FORRICIR Y AHLA TV D
ﬁﬂo:@ﬁﬁﬁﬁ’ . InGaAsBi fisNIZ KB SR Z B Y iAI, T T~/ R ]k
5% (THz-TDS) | féﬁ%%&Hhﬁ%i@ﬁ?%f%ék@%?/T%(KA)%#%
wuﬁb%héﬁ%k)T%ﬁ\%Eﬁ\%%%E@3o@%ﬁ%ﬁﬁuﬁi9&LT%6mo

U, 2030 AEICEABIAN BIE L SN TV 6 IHMUBENRGAE VAT A (6G) BBk
F. FIABMEE &N T D 300 GHz (T & TOH 77 T~ #0 J& i Herilik 2 B3 2 BFZERR %
WRE/NZ 72> TV D, 6G DOFEBIZMHEV, THz HiN0BHICBWTESHHIEREL TE
THz-TDS %, Z 9 L7 7T Y HIZEBIT D b7 0P A ZEOHET HOE MO WIS
VX%A’Emﬁé&wogmﬂﬁé AHFFETHY AL TV DRI R InGaAsBi 13, GaAs i

ZIn,Bi M2 BV JATe Z & CHEHIIR 2 L RAMBITME S5 Z EBARETH D Z &b,
m*@3o@%ﬁ%ﬂﬁ 135 2 & T, JtdfEROGIR A BREN & L 72 THz-TDS H PCA % FBLT
X L AREMEZ D TV D, ZAUT LY THZ-TDS ¥ 27 LK% 8 A~— 2k, K2 2 MEL7ZW

EEZTHD8],

ARG T, ARIRAR GaAsBi O MBE RSN DZDOFERANITHFIEL TS EBZ X B A
Kba, FIZITERIR AR InGaAsBi @ MBE FERIFIZED £ TEMIET 5, Hi% PCA OFEBLTIT
In, Bi i1 OAHIENIIN X CRKMEHIENE L 72 5038, 2 OFIf AR A 51T, kD
RESINTWD Bi KT ORBEEROY—7 7 7 20 "MIEPBESN TWDHEAIH S L5
WCH 2T, ZOZ Lo ThHinsd PETH S,

AR« AMFIEIL. BHITE 19H04548, 21H01829, 21H05566, 21K04910 72 b NI A B iz
FUH OBk X » TEfT &z,

[1]1K. Oe, Jpn. J. Appl. Phys., 41, 2801 (2002). [2] A. Janotti et al., Phys. Rev. B, 65, 115203 (2002). [3] Y.
Zhang et al., Phys. Rev. B, 71, 155201 (2005). [4] M. Yoshimoto et al., Jpn. J. Appl. Phys. 42, L1235
(2003). [5] Y. Tominaga et al., J. Cryst. Growth, 544, 125703 (2020). [6] Y. Tominaga et al., Appl. Phys.

Express, 15, 045504 (2022). [7] O. Ueda et al., J. Cryst. Growth, 601, 126945 (2023). [8] & /KKHE T, I~
FIWIEL, 92, 617 (2023).
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GaN RF/ HEROEERERET /N1 X~DIEH
Growth of GaN-based nanocrystals and its application to
light-emitting devices
AWKAEIT OLll F. TR #h, B4 FE
Meijo Univ., Satoshi Kamiyama, Tetsuya Takeuchi, Motoaki lwaya

E-mail: skami@meijo-u.ac.jp

Bt Blcigibi~ 2 7 ZHERE L. 2O RN AT 2 2 & T, BIRRREIC L 0 EARINICEE &
NizGaNZDF /) U4 Y, F /Ty R EDF /A lETE 5[], 2k 3kttt
— FOMAHDHIE S 2 B—F — RONEER L — P — 210, FEfbhim, £ 73 pmitm 2 FH L
L BRI (ZEERFFMQS) AT HRIERD LED WEBLTE D AREMENH H[3], #idh
REICELTYH, HEEE., 507 0 27— LOERRE LT k& < B D E#EL
AL, IR T AlGaN = GaInN 72 & DR DIBIRE N FRETH 5 2 &0, HlkAy @i TR I
INN B3RO EV GalnN RSG5 2 E N TE B0 L, BBREWRER 2 F>, 2 b OB %
FIACTEE, BEH A —E— FRER L —F =, GO RERE (fa~7Rf) O LED
R EORBNHEEND,

AGEH T, GaN 7/ U A ¥ (Fig.l) & GagsslnossN 7/ B7 X v K (Fig.2) DififaaR=,
INBER—AL LESERTHEELaT v o UE (Figd) OFK. S 5IC) / kfkoR¢
T INA ASNDIGHIZOWT, #Hma1T 9,

A 4

o
o o
v
: 7mm x20.0k SE(HJ
Fig.1. GaN nanowires Fig.2. Gao.ssIno.ssN-nanopyramid Fig.3. Horizontal cross-section of
(350nm(D) X 1.5um(H)) (500nm(D)) GaN nanowire/GalnN-MQS
2B ik

[1] S Kamiyama, et al., ECS Journal of Solid State Science and Technology 9, 015007 (2020).

[2] K. Okuno, et al., Appl. Phys. Express, 14, 074004 (2021).

[3] W. Lu, etal., Appl. Surf. Sci., 539, 148279 (2021).

B

AT D —ER1% IST-CREST(No. 16815710), JST-A-STEP (JPMJTR201D). NEDO J:#E#f7E, 5
K OB M B 4 BARAFSE A (22H00304) ODEINIZ L0 FEhE L 7=,
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17p-C42-9 HESESAMIES AHSHIMEL BATHE (2024 KR LEN2RIBEAVS1Y)

2 BBt R AIN ERERERAL -
CW $BEL—HEIHEIZES 230 nm HRENE_SRKRE

230-nm Band Far-UV Second Harmonic Generation
in Polarity Inverted AIN Bilayer Waveguide Pumped by CW Semiconductor Laser

BRABEL ', IR Rb=HRX 2, ZEKBRI 3, RABRT ¢
AH A KR B2 Eeh BAZ FT AR 2 Bk k2 kR AR 2
EFE ERF34 =% FA3 LAHF ER, A8l g2, ;L 21
Osaka Univ.!, Hamamatsu Photonics K. K.2, Mie Univ.3, Kyoto Univ.4,
°H. Honda, A. Asai, K. Tome, K. Morishita, S. Kato, H. Fujiwara,
K. Shojiki, H. Miyake, M. Uemukai, T. Tanikawa and R. Katayama
E-mail: honda.h@qoe.eei.eng.osaka-u.ac.jp

AIN [T 2B BIPEL IR S E IR A A L QDI SEAME — @l 38k (SHG)
(AL TE, AIN O RS & — R B A (MDPM) Z AR A Aot T R (L]
AAHFE S (QPM) (2L~ TEZhHRZ SHG N H[HETH D, F 2 IXZNETIZ, 2 gtz AIN Fv 1L
S A 8 O RERAE LA WA T VIR DT = AND - L AL — YTt 352 & Tl kst SHG % 5E3E
L72[1], LinL, 7= AN OLAL —F O ERIIRE W8 | SJEE L TO/NUIZ TSR L —
DEFENRRAI R ThHD, T CAMFIETIL, R 460 nm 4y CW i = AT 28 P8R — P 2 bk Yz 2
JERBME SR AIN T RV BRI K D1 8R4 SHG D FEREAAT -T2,

2 @M R AIN A& iE 1T A/ o2 7 ke Face-to-Face 7 =—/LZXo> TS L[2]). fibkdL —H
D e AT AARD 7D (T H R DR A RO B A VERIL 72, RS 3.3 mm O A S I 1 CW
AR — 2R L L Tl o X TREA SE SOk 150

IO T 7> A &SV T M O % 22 0 S HIL o R LA L) .
35— T IS (PMT) (L LT, PMT [0kl S 10of °

SIS~ DRI b DAL, SHICHEA RS2 B o o
TNk 3 BT ML, RO EFIRIIRALT 5 OF . ¢ .
Tdd, JEX 360nm, EHEOEL 500 nm, FEOHEAS 800 nm @ .

E B UDEREEZE 2 DL, I 461.5 nm OLE PMT 958 w00 462 4p4

Laser wavelength (nm)

OH AR (1), 202X PMT OH /18 —H R0 —D 1 PMT 15 5 O3 Ak 7%

2 FICHFILIZZ b, CW L—HICES AIN Higam 10 F— wavelongth
VSRS SHG ARSI (1 2). Y L B
%% ik [1] H. Honda et al., APEX 16, 062006 (2023). [2] K. E:

Shojiki et al., Mater. Sci. Semicond. Process. 166, 107736 (2023). % 107 formme e
HIRE  AWFZE I 3R JP23KJI1512, JP23K 26572, JP22K 14612, é .

JP22H01970 . J% % JST-SICORP JPMJISC22C1, JST-FOREST & 10 F i
JPMJFR2031, NEDO Intensive Support for Young Promising 10" i L . L
Researchers 21502153-0, NEDO Leading Research O 4% 5 1 10 Laserpé&%r (mW) 1000
72bD T, TASAAERNZ B L Cn i K5 IR RE SCHR B 2PMT E20D L —W
FOKRKRFET A b= 2 Z—D W &S E LT, N — KA
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17p-C42-10 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

AlGaN % UV-B LD OEAZIER EICH 18 Al iZED AT O K@ B
Hetero-interface formation technology with high Al content difference for improving
injection efficiency of AlGaN-based UV-B LDs
M) FEERISE ', —EMAM ', WWHEX', FEREL', ALBRX', EL4XHEH . HHEEFEE'
HWLE' ZEFAL ELUET TREHT, EAFRE'
"X - BT, ZEX k- T
Takumu Saito!*, Rintaro Miyake'!, Ryoya Yamada!, Yoshinori Imoto' ,Shundai Maruyama!,
Yusuke Sasaki!, Shogo Karino',Sho Iwayama', Hideto Miyake?,
Satoshi Kamiyama', Tetsuya Takeuchi', Motoaki Iwaya'
Meijo University, 2Mie University,
E-mail: 200443034(@ccalumni.meijo-u.ac.jp
FexiE, AlGaN & UV-B L—# =% 14—} (LD) OFER/ VVARRITHED L, ©—2 T
150mW Z 3R L72, L)AL, 2O LD OF ¢ U 7 EANFEM)ILOT 2210% TH Y . GalnN, AlGalnP,
AlGalnAs 73 & DL Y8RP E A - 72 LD ICHARTE L KRV, S 574530 m EiZmis <
N ENEERETH D, AFFETIE, T35 AL 2 2 L—4H SiLENSe % 72 LD EiiE o
it & MOVPE B &M O HiEbIZ W TG 21T > 72,
FTvIal—varEfiol, RvIalb—rva Tk &F7ryXx 2 (EBL) & WA
RIg D ALK L OEIRYE 2 B LTz, £ ORGSR, EBL/TA REONT BHERIZB W TRE R
AL ZEZ D RIRLRE LB T 52 08 ni O EICARRIRTHD Z LRSI, £,
AV A 2 55%I 3 E LT BB i 2 FRd 2 2 & Toni B 80% & MR 5 Z LR ENT,
wIZ, ERRO XS T v REEERT LK HONTHAE L2, ZOERTIE, A FE,
EBL, p-AlGaN 7 7 v REDOIREZX 2 (27T L 9 ISRMANICE(L S ET, 2 OREHE i
TEM 85425 L. 4 DX ) effzrt Z ERMERSN, e LT, ¥4 K@, EBL, p-
AlGaN 7 7 v REOEKIRE Z 1000°C & L7z8&, EBL & A FEORMEIC, #9250m OFEX L
IRWRAERIE DS R S LTz, — . ZUb DEZ 2T 850°CTHRE S ® L & B LRV
ERHEIE IR ST, BB ~T o fU 2 8L L7z, E7 AlGaN & & FE 1% | SRR E 23
RENTND Z LD ZOMEBEIIFEFIEBIZ L 25D TH D Z L AVRIR S LT,
HEE  ABFFEO—ERI%, BHFE - JARBFSE A (22H00304), JSTREST(JPMICR16N2), NEDO 4¢iE A
7%, B L OVIST A-STEP FZIPMITR201D) DHENIC L - THEifi X7z,

Reference: [1] R. Kondo et al. Appl. Phys. Lett. 121, 253501 (2022). 30
, '€
Si0, Ni/Pt/Au electrode 4 1100°C 1000°C @all_1000°C 5 @Ref ®
p-Gal A—F‘ﬂm\ 2) 1100°C 950°C 2
7”“”'A‘EG;LN 1¥%p-AlGal Ti/Au pad elactrode 3 1100°C 850°C Pulling g 20
auide 3 1100°C 850C 950°C 25nm S 7 ®
QW /AT AU 5 1100°C 1000°C ,950'(: 1000°C 2 QW guide EBL = A .
_ slectrode ® 1100°C'1000°C ; 850°C 1000°C + ® @
1Al G N 7 oo i1000°C ©  650°C 1000°C 30 nm 210 L ()
5 09— b ®all_850°C ° *
U-Alg g5Gatg N 2 EBL o @
OO00O00 M0 E ';':i | 1p-AIGaN ) 7
Nano-Pattern AIN s 0 ! 3lnm © ©)
+MOVPE-AIN S M| e ionm | w 0 : -
Sputter AIN < Vwelvarber || 2ep-AIGaN_\ B5eN 600 700 800 900 1000 1100
- = 4/80m! ! 75nm -
C-Sapphire Substrate = L . —-

Thickness[nm] Growth temperature fC]

Fig.1 Device Structure Fig.2 Growth sequence  Fig.3 Cross-sectional STEM image Fig.4 Dependence of pulling

layer thickness on growth
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17p-C42-11 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

DTEGE F—E 2T £A0 = AlGaN R$EE p—n 5 1 4 — F DR EEE
Characterization of AlGaN-based vertical p-n diodes
with distributed polarization doping
BRREHRL, AKX D £58—2 BKX IAR}, &#XEREI Y
AHE ERL IRE BFHEY AEXK KF4Y XB &L
IMaSS?, D Center?, IAR3, Grad. Sch. Eng.*, Nagoya Univ.,
°Yoshio Honda!, Takeru Kumabe!, Maki Kushimoto?, and Hiroshi Amano!

E-mail: honda.yoshio.h4@f.mail.nagoya-u.ac.jp

[F5] Z2<DUA REY v 7EEERT p B n BT OERRKNEECTH 2 Btz 675
TEME, FBUA R v THERIZBO TR, MK L OBERDBERTH O | 8
TEENREE L 225> TL D, ZEWEERITE TITD S &, GaN Tl p BUEMERIE A N EE T H
0. ALFHAZOEEIZ ST p BUHIEIZ L W RS 243 L L i n BRI b RIEEZ AT 5, U
A RX v v 7EERITHERAEER D ® < L ARHEE Y —T A ZA~OFHIZBWTRE 72
FLERHY, ZOX D REEEROMBELZ TS 2 2 ERNaK Lo TWnD, KHETIE, &
iR K—v' > 7 (DPD)[L,21ZFIH L, pn#EEH A A4 — RE/ERL L CE /R EHNT 5,

[ 38 J714] (0001)GaN Al -~ UID-GaN Jg %41 L C, n-DPD @D fE%#1T>7-, n-DPD Jg & L
T, GaN 75 Al REAKZ 3R 2 (ZHEIN 3 2 R BE 2 R L 72, eV T p-DPD DR R 21T > 7=,
p-DPD &3 — 5. AlGaN 75 Al #A% % k4 123 S % IZ p*-GaN:Mg Z R L. p-n % A
F—REER L7, ozt 7zt LT, SIMSIZXL D Al OBAICR LT, F+ U 7HEE
DOHGRI[BA/2ELEE1TH & & BT, C-V B L 0 EAMEDOFHl 21T > 7=, 1-V IE DR R,
¥ U7 R AR— MR, MREA =X A p-DPD FOET DT A 7 % A4 LR OIEHFER
B, FA—VELY X% U THELD A =X L EOF M EIT> 72,

[#5 5 & &2]IDPD O & LT, X 112 DPD % p-n # A A4 — KD SIMS HIEfE AR LT\ 5,
Si. Mg ZHW3, Al FARZ BFRHICE S 7 ) o> R—T7 RS L 7r>Tnd, C-V HIELY
Pp-N HEARENEDOF ¥ —VZFHHT D & K2 1RT X IS0 S EHE SN A EE D T —E
LTHY, DPD EAHFHAVEEEL CWDHZ tbnd, 22T, PNIRK L TRLEZAA A — K
ToH V., PN2, PN3 [ZBWTIE, HAHAREDOREEZ#EL LebDTHDH, ¥ 3 TiE IV JIER
RERLTWD, WREZRBEEGENEN B AL, BARR 728 473 K IZEB W T, n=1.6 FREED p-n ¥ A F—
RBELN TV, MOENSLFMEL T, F—Y 7% RS FENE LN TE Y, DPD I
LTS RGHAPBRENTHD Z LRI iRk otz

p.:.(l\'/'ig) [0001] «— 1019 ) i
.UID p-DPD n-DPD uiD 2 000 Exp. 10‘ PN1
1020 : 20.0 iE-’, -—=—_Calc. __ 10 «1
& = & 0
§ 10" 48 < 5 10—11
< d 1505 8 < 10 1
1 - © o
£ 10°}} § £ 10 PN3 Z 10423
g 1 008 g // o' PNt 810 1
c 17 o o] =4
5 10 ) o €10 1 !
o I ] 2 [ /ﬂ/ 2 y
z = I § 50 > = 5 10 1 !
3 10 1} B e S ! 1 < 2 o -6 /
E ;‘,.g&'ﬂl‘:dﬁ&k’:m o 0" | ' | 1071
100 100 20 % 4o 50 60° S 1075 20 30 40 50
Depth from Sample Surface (nm) Distance from p-n Junction (nm) Applied Voltage (V)
Fig. 1 SIMS measurements of DPD Fig. 2 Charge density in DPD Fig. 3 I-V characteristics
p-n diode structure. p-n diode. of DPD-p-n diode

[ 3Cik] [1] D. Jena et al., APL 81, 4395 (2002). [2] D. Jena et al., Phys. Stat. Solidi A 208(7), 1511
(2011). [3] J. Pal et al., Phys. Rev. B 84, 085211 (2011). [4] M. Yamaguchi et al., J. Appl. Phys. 85, 8502
(1999).
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17p-A23-2 HESEISANES SHSLIHES BRTHE (2024 KAV LEN2RIBEA VS 1Y)

—RoF/ Fa—TORNEME
Thermal-optical properties of carbon nanotubes
RRXIRBF!, CERN HFE'

Kyoto Univ. !, °Yuhei Miyauchi!

E-mail: miyauchi@jiae.kyoto-u.ac.jp

INSLHE A —7R T/ F2—7 (SWCNT) Z @il INENT % & | BRI RO BB 2 B
END [1,2], T OEGSF OPMIIEIL, BUEFAERK[1,2], TRbh, 7 —a UHEEERICLY
e LI & B0 D 7 UERL T OBVER & | 2 OIS RS SISk 2, 5 KH0> SWCNT
TIEFIC BT L EALOREE =0 =138 T K OB /L —(ZILHT 250 meV BRE L7225
728, SWCNT DR IF@IR THEMICLETH D, —J7, BT HEOZFLF =T, &ik
TIFEE & TR 1 eV RRE TH D720, HHERR SWONT TiIfibie 7238 VER S D 5, 20
£ 572 SWONT OB FHihid, BN REIRIE 2R DU RA BRI (R 2 2 & 4 5 BOL %
BHATC, SR KIGERIN AR & OBVET 21 —BIEHAT IS BN T, kB 22 < Do 72l
BFNROIGH E WD File ez itd 2, LarLl, 7 e X5 — o T3sHiciE, sz
SWCNT Tid7e <, ZHD SWCNT 75705~ 7 v IR EHI W TR TR R 2 R 92
VERH D, ZOREIZATIEE L LT, Fxldhl, RUhA IAME (B4 T VT 1)
ZFF2> SWCONT OZ THERK S 4L TARSMEIRIC B VS 73605 &' — 7 ZFF OB 11 SWCNT
D ISR R IR TR ALY MV ERE L[3]. SWCNT IO RITEAFFEIC W TH L
72[4], AFHE TIEEI BT, B~ 147 U7 ¢ SWCNT D @il T Dbkl 1IN Es K OEVEUR
AT RV OBRIS]. BEIRRRICB T DR & = 1 F— DA b[6]. FERM T TAEL DM
BV SWONT @A SO [7]. miRBRERIZT 2 5 2 SWCNT EREM B [81E 2 BT~ 5 S Ofk R
ERAITT Do ETo. BB SN D X O @RS T TOIRNE B FRIBLE A S IR ] D

BA BN DIFZE A 22— AN OWCTilam T 5,

[1] T. Nishihara, A. Takakura, Y. Miyauchi, and K. Itami, Nat. Commun. 9, 3144 (2018).

[2] S. Konabe, T. Nishihara, and Y. Miyauchi, Opt. Lett. 46, 3021 (2021).

[3] T. Nishihara, A. Takakura, M. Shimasaki, K. Matsuda, T. Tanaka, H. Kataura, and Y. Miyauchi,
Nanophotonics 11, 1011 (2022).

[4] H. Wu, T. Nishihara, A. Takakura, K. Matsuda, T. Tanaka, H. Kataura, and Y. Miyauchi, Carbon, 218,
118720 (2024).

[5] K. Teranishi, T. Nishihara, and Y. Miyauchi, The 65th FNTG General Symposium, Sep. 6, 2023.

[6] Z. Liu, T. Nishihara, and Y. Miyauchi, The 65th FNTG General Symposium, Mar. 7, 2024.

[7] A. Takakura, T. Nishihara, T. Tanaka, H. Kataura, and Y. Miyauchi, submitted.

[8] H. Nakamura, Y. Miyauchi et al., The 65th FNTG General Symposium, Sep. 6, 2023.

[9] T. Nishihara, A. Takakura, S. Konabe, and Y. Miyauchi, submitted.
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17p-A23-3 BESEIAMEE AHELHWRS WRTFHE (2024 £MAY LEA22BETYS 1)

BEA—RUF/ Fa—TOTFNAREHE | REATO#E
Device Applications of Single-Walled Carbon Nanotubes and 1-D Heterostructures
BRI AW %X
Univ. Tokyo, Shigeo Maruyama

E-mail: maruyama@photon.t.u-tokyo.ac.jp

Hgh—ARr T/ Fa—7 (CNT) OFT A ZEHIZE L TULEFEOZFE LWERS A L.
B OEE CNT L 8RO EE CNT % XAl L7an & 9 7227 /3 ZGHIZ W T TIe AL
DL THY, 7UX U7 NVEIEER, Li A4 BMOEBBOTINY, <a7 2h A bR
BHLOEM[1], EUV BB DY 7 v, W P & o) 53 B Clias I EHHEIN /A
RENROOHD. —F, PEROHE CNT H5WNINA T VT 4 —EOFHERMLE L 72 5ER)
R T DX Z(FET) /2 ST L TIRIENIERFE TH 5. AKEEERA~DIKEEL A E R & 73k
CNT D47iff - PR AL OHAMTEBR ILE L <, ARIN7RT A 205 OBER IR S5 (2],

HE CNT O 7 /A A SRR Z K& IR D80 & LT 1 Roe~7T nii&E» 5. HE CNT
OWEIZ S FEOEE 2 « BLF9 5 5151 Peapod DBAFEYUEENHEI LIV TS DS, Filr Tl
B & 72 R A OSSO FE ORI G EHR L TV D3] FHCHEE CNT OWNERICER L2 1| RotDikHE
#4, Confined Carbyne DFEBEIZ DWW Tiam L2V [4]. F72, B CNT ONEIZEbA V£ T/ F
2—7BNNT)Z AR LT, SHIZZONBICERERY A Ivart A R(IMD)D} ) Fa—7
EALIZ 1 RILT7 7TV T — )L AT a & [5,6]DREAICO W TER L. HE
CNT-BNNT (2D Cl, HiJE CNT I, FEERALAHEE CNT, fNZHEE CNT ICEMAFRETH Y,
HJE CNT B0 PR 2 & HFEBLLTWAH[7]. F7-, HJE CNT #E>H& LT, BNNT OFFEIK
WMET< IR THLENNITHZ ENFERLTNSI8]. NLHE CNT OJF v (258D BNNT %
AR LTEDOBHIZT ) 3 HRITERE Lc b O TIEE 7z FET FrE S EFES LTV 5[9]. TMD 7
JFa—T7 OFEEEE L TERAID MoS: 725, WS, MoSez, WSer 72 EXEHLL TER Y, Zh b O
HEDO~T afgEEREG4 TMD b ERLTVWAH[10]. & 512, MoS; 7/ F = —7 %Y 7 A(Janus)
MoSSe 7/ F o — I EHTHZ L HFERLTWH[1]. ZDOFYFAMoSSe T/ F2—7 132 %K
JTEDOF¥FAMoSSe LV b ZETHLZENFRTEINTWEHDTHD.

[1] J.-M. Choi, et al., Adv. Funct. Mater. 2022, 42, €2107295118.

2204594, [7] M. Liu, et al., ACS Nano 2021, 15, 8418.
[2] L. Peng, ACS Nano 2023, 17, 22156. [8] S. Wang, et al., ACS Nano 2024, 18, 9917.
[3] S. Cambre, et al., Small 2021, 17, 2102585. [9] K. Otsuka, et al., Nano Res. 2023, 16, 12840.
[4] B. Zhang, et al., in preparation. [10] Y. Zheng, et al., in preparation.
[S]R. Xiang, et al., Science 2020, 367, 537. [11] C. Yang, et al., in preparation.
[6] Y. Zheng, et al., P. Natl. Acad. Sci. 2021, 118,
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17p-A23-4 HESEISAMEE AHELIMRS BRTFHE (2024 KHEAVLEN2RIFEAVS1Y)

T/ Fa—TDotAEITERE LD
Helicity-dependent optical properties of carbon nanotube
BEEEXE !, RILKF? RERERBIKFE® OFEk B2
Taiwan Normal Univ. !, Tohoku Univ. 2, Tokyo Metropolitan Univ. 3 CRiichiro Saito!23

E-mail: r.saito.sendai@gmail.com

H—=RF ) Fa—TE, V7720 — b OBEXHIUKFLT, 7T—LF =T ), V7
PIR A TGARID 3 FENR DD, WA TN =R T ) Fa—T120F, FRELERED
SHAERH Y 250 (nm) ZH\ T, (n,m), (n+m, -m) OxfE L THOLDLT I ENTE D,
Bl Z1E, (6,5), (11,-5) DA TNH—KRT ) F a—T7 OBERERNER THHREIZ /> T\ 5, &
FRREFFTOERIZ L > T—KRKOF ) Fa—T5 ET L L, HEE, EEEZOLELE (IA47
U7 4) OBRINAIRETH D, £z, /o L7 B O KEIR & F Iz R o 25Tty
TEPMEDBIH & BEERAIGH R M T i T 5,

L, BT~ 3 THEXLEREOLEAELZMET I LIIH LN EEZ LR
Tz, FHEOIIMREET vt W THET ~ 7 VIV ONARDER /T & AL D E#
NELNDZEE, EBREHEBTHOLMNILE [1], WAWAR—KDF ) Fa—T DT~ 40
BERIETHZ LT, AR LERZDT~ T VY IVITBIT AMMDOEIL, IA T AAD 15 ED
Wrig KC, 0 (V7 W78 30 (7 —2aF=78) ORF 012252 L 2R LT,

Flo, FBREORIEZOHOENT ) F2a—THER, T4 AKRFOWE 7 NV—T12 &
S TR S T, PERLS TR Z W T 3 IR DB S iz 2 &R0, Blmatklo
SEAAREEZ K 2 PRYE Atk OB RS L7z 2 L 2] 6 R TG T 2,

AWFFEDORRIL, BHEFEE BAZAFZE (A) ((No. JP22H00283) TH 5, Fio. BEBEHBE LD
El (Yushan) Fellow 72> H4EBIZ 52177,

SRR

1. “Observing Axial Chirality of Chiral Single-Wall Carbon Nanotube by Helicity-Dependent
Raman Spectra”, S. Han, N. T. Hung, Y. Xie, R. Saito, J. Zhang, L. Tong, Nano Lett. 23, 8454-8459 (2023).

2. “Engineering chirality at wafer scale with ordered carbon nanotube architectures”, J. Doumani, M.
Lou, O. Dewey, N. Hong, J. Fan, A. Baydin, K. Zahn, Y. Yomogida, K. Yanagi, M. Pasquali, R. Saito, J.
Kono, W. Gao, Nat. Comm. 14, 7380 (2023).
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in-situ BEFBWBTEICESH—ROF/Fa—TE—READORENEEH
Measurement of thermodynamics behavior at various nano-interfaces of carbon
nanotubes by in-situ transmission electron microscopy
FERI' OFR &R
Chiba Univ. !, °Kaori Hirahara

E-mail: hirahara@chiba-u.jp

H—RF ) F2—T(CNT) [E7LF T NVEEEWRT NAAM L TH RSN TWD, 74/ LK
CNT EEEAIZI WV TEAMELD BixTes RICILHTT 2B — o 72 ROFEBDHRE S TS 1], CNT 2kt
HERELTEHAT 2B T, H— ONT LV OO 705 BRI ICEIET 2272 T RED
CNT-CNT SR DN SRR E O RUCH R TR EDO T 52 BRL | filEIL TOKZENEETHD,
BT ML T Y=ol —4Z T CNT Z 1AL~V THEETHZEICE ST, LU GEE R
ELTZ CNT Z W T A BN A TERR T D2 LM TED, AGHH TlE, Hi— CNT BL T CNT D723 H—
F S OGRS E R0 BRI, ARSI O — Xy 75O - FHI ATV, &
AUHOHEIE SR O BRI A 3R CE 22 ETOIFFEUZ DN T, WL ORI T 5,

CNTIARL L OEVEREIL, CNT 22 >DEMENZUGEL . —J7% 100°CLL I 72 E DB E
N R HZE TR TE S, BB FHUZIT 72l %2 O CNT OIATVHERE BT SREL:-
FER, HHEIR CNT1L AL~V DB — Ry 7R EBUTERDNSRDIZ O R T2 L2 oI LT, B
1.5nm LR CNT TiL 200uV/K ZHB 2 HZEH RS-, 2J8 CNT °Z% 8 CNT Ti, & CNT 231
J&THEENDEFREROM N Z R LT, Fio, ZEO KM E FND CNT (T8 — o 7R B E TR
D77 BT HERR T CIUIE B L W 2B D O BT,

CNT D73 FURIZ DV T, SR O RED G E R, BVERMEI B T T BN ERIC L HHMIC
T&EDDdD, CNT-BAGH O BRI BEMRTUAARIN T DINIART SR A LTe BRGNS [2]. #2
IRETGHC DR T ORIV NS Dl | BRI L E/LHE N Cho CHOBIBEMRT IS AL E Th DL
25, CNT @ ENNERF O IR FE ARFEIIC LY RSz, CNT-CNT FUE 2T, CNT Jediie CNT fIlEEAS
P72 P25 50 ONT [Al L2287 DI ICHEMM ST 2 5 B EAD T 3R &L GRSV BAFE D 21 1uW
F—F —ThHTL% MEMS b—2ZiE L7 BIREHINC KO BN L7z, E512, CNT [At2 AT
., ONT [Al LO#il R SA2 2 2 R NOBEEE /& FHIT 228 T S A R EEZ BN LT [3]. 72
72U, BER DY S0nm LU OB AEBME R G | ONT DYl 777 = U RIS Chfis
72356 OB E N OITHIC R 1 A R CIEE C& ., R FICAFET DRI L 7V TR
R72& D R FTHEE IR B2 ST T0DEE 2 b,

[1]Y. Nakai, K. Honda, K. Yanagi, H. Kataura, ef al. App. Phys. Express 7, 025103 (2014).
[2] H. Hamasaki, S. Nagahama, K. Hirahara, Nanoscale 14, 11529-11534 (2022).
[3] H. Hamasaki, T. Kawase, K. Hirahara, Phys. Rev. Mater. 6, L23002 (2022).
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Tip-enhanced Raman spectroscopy and nanoimaging of carbon nanotube
Osaka University, °Prabhat Verma

E-mail: verma@ap.eng.osaka-u.ac.jp

Tip-enhanced Raman scattering (TERS) combines Raman spectroscopy with plasmonics by utilizing a
sharp metallic nanotip, where a strongly confined light is generated near the apex of the nanotip, which
provides high spatial resolution at the nanoscale far beyond the diffraction limit of the probing light [1,2].
TERS can thus facilitate both spectroscopy and microscopy at nanoscale spatial resolution [3]. Since light
can interact with the intrinsic properties of a sample, TERS images provide information not only about the
topographical distribution of a sample but also the distribution of the sample's intrinsic physical, chemical,
biological, and electronic properties at nanoscale resolution [2].

Carbon nanotube (CNT) is a widely studied TERS sample because it possesses extremely interesting
physical, mechanical, electronic, and optical properties and is well suited for optoelectronic and other
applications [4]. CNTs can have different diameters and chirality depending on their configurations and
show either a semiconducting or metallic character. In certain situations, they can also develop strains along
their lengths, affecting the nanotubes' optical and electronic properties [5]. Interestingly, Raman
spectroscopy can identify all these intrinsic properties of CNTs that show up through various vibrational
modes. However, traditional Raman spectroscopy cannot reveal the localization of these properties beyond
the diffraction limit, which means at a resolution better than several hundred nanometers. Here in this
presentation, we will discuss how TERS can be utilized to investigate CNTs at a spatial resolution far
beyond the diffraction limit and map the distribution of these properties at a spatial resolution better than 10
nm, for example, the distribution of diameter and localized semiconductor-to-metal transition. This result
could be very interesting for CNT-based device fabrication, where the local modification of electronic
properties could play an important role. Also, we will discuss mapping intentionally developed strain along
the length of an isolated CNT at a high spatial resolution [6]. Visualizing and investigating various intrinsic
properties of both single-walled and multi-walled CNTs at the nanoscale are of great interest and

importance, which will be discussed in more detail.

Reference:

[1] S.Kawata, Y. Inouye and P. Verma, Nature. Photonics 3, 388 (2009).

[2] P. Verma, Chem. Rev. 117, 6447 (2017).

[3] T. Yano, P. Verma, Y. Saito, T. Ichimura, and S. Kawata, Nature Photonics 3, 473 (2009).
[4] R. Kato, S. Igarashi, T. Umakoshi, and P. Verma, ACS Appl. Nano Mater. 3, 6001 (2020).
[5] Y. Okuno, Y. saito, S. Kawata and P. Verma, Phys. Rev. Lett. 111, 216101 (2013).

[6] T. Yano, P. Verma, et al., Nature Commun. 4,2592 (2013).
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Material Reservoir Computing Devices: AI Computing Devices Utilizing
Nanocarbon-Materials and Its Application to In-Sensor Computing
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#WE . V7 =T EEHUZEESE (DL) OFFERE D Om E23EH SIS, EIUSEE
W AN TERE (AD O FEARITRGEICIE R0 | S 2RICR B EL 5.2 TD, L1L, Zhb
FHRAENI DM EA L Z DN —RU =7 H FII RS U a CMOS H it oW R R I B 35
ETREN FILONAN—RT =T HANROFRAJE, FHZ AN L=a—F Xy N —7 =a—aE LT 47
TEHRAHL S AT 5 R OO —ER 0 % BRI AT D EATC, Bk k- $T8L 3 115k 95 B0
NEEED | BB S ORISR E £ TG, BlxIE, T /MBI O IERIB S Ry T —2
MGz BE<HAL B R R AR DS N LG N— R =7 LU TRIHES N ED IR S,
ITIVTIVIGN—EBRERFEFT/A—HRVDBEME Al ON—Ry=T7 L THIRFSNDHZ T D—
DELT, VP N—iE (RC) B BZHEIT DD, RC &L, VIV h=a—F L Ry NI — 7 BERHID
IRELIZEHA 7L — 2T — 7 ThD[1], AJHEFEEIRITCOFHAZEMICY e 75729012,
ESNTEIEMRIE L AT LOXAFTIVAEFIAT 5, 22T RC FFICIETmarT—MEEZBEL T~
TUTNDTH LA T =T D, Fex LT TICHB A —RF /) F 2—7 (SWNT) MR
NI AV RAYFRIEE (Pro-POM) 7% LAy NI — 72 Y PR — R R LU THW, ARk
NUROBY—F BB MRO SRR LTZ[2], — . ey M OERIZ L A
O A B L7 BGE O FES D RO DIV CUD, BRI, A RE ) 2R 7o il 2o 3k
HINTHY, 2T HENE R Y Ml THEEOFI A Ao Tnd, Zhbo' i, &
Y RNEE IR CHIEEATI20 . B8 A5 a D72 NI oW EE Vsl
WROOND, Fiz, TOMEFRBNCIT, BREE L RMET, —FIEL T, AEEEERICLE
K —RF ) F 2—7 (CNT) ARV AT L a4 (PDMS) AR Bl L, F28kC i e 72
3%IT (3D) A~V — 7w P AAFRLU T 668 5[3],[4] T TIXZED 3D B a2V —fH
FELTHOWAA B EE SR - LU CTHWZ[SLI6L[7]10 T, ##E TR 15,

B BIE, iRV E RC FTEMADERRELEZ, By M URICE DR TR ek e
BEIELTEHETOND, ZRBDRALHE RN MBBLR L AL T T A AR R 2T ] Lcn
Ry METORFIZENDIAMAR AT EAT OB RS IFFTED, FRFICA— VI —RF 12 AL T

NARELTHWDZED AIEHRRAERIEIZ DN TH Y AagimL 720,

Refs. [1] H. Jaeger, H. Haas, Science 304, 78 (2004). [2] D. Banerjee, H. Tanaka et al., Adv. Intell. Syst. 4,
2100145 (2022). [3] A. TermehYousefi, H. Tanaka et al., Mater. Sci. Eng. C 77, 1098 (2017). [4] S. Azhari, H.
Tanaka et al., IEEE sensors J. 21, 27810, (2021). [5] S. Azhari, H. Tanaka et al., Nanoscale 15, 8169 (2023). [6]
K. Kimizuka, H. Tanaka et al., arXiv:2406.03958v1. [7]H ., 202443 A I AL EIE R B 2 B
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CNTzRAW-XREKEBEHRDRFELER
Development of CNTs for Next-generation Batteries
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AIST, Ying Zhou

E-mail: y-shuu@aist.go.jp

CNT (TN 7 EEME, WHORE, REQRERAMEARFD, ZHERLEMICR VTS BEER%
FEzRELTW5D, e 2IX, VI UL AU EMOEERRINA CEEBF) L LTHEHS
N5 LT, mX VX —HE, Fi, FEMENROM ERLmEFMEN R SN TR Y | B,
FE[H] 1000 R LA ED CNT MEH STV D, Fxld, BRFEICDTZY CNT OEAMLHIZE 2 D
TERRBRATED L CNT Z AW T EARZR BB O @R kI T 72 FERR R 21T > TV B,
AGEE TRk R E OB E e L CHER ST b Li @BAlE Si AMOMFFERUR %A
9%,

ZoW, Li @BIEEWs gL X —HELED | WIROFEMOEZRIC AT 28 L 25 A
AR BIFF SN TV D, FIKERFICT > K74 MR S, B oM BHE S 2 i <
% LT, BMAFAENERECHEDT L ZEMRMEE SN TV, T L. Li@BOT > KT
A MEREZIIHT S -0, BE CNT @ SGONT 2 L7z, TRO X 52, LidJd L 3
L — X — ORI SGONT & i A U 7= Efitit 2 ERk L. PEREA3FA L 7=, SGCNT M4 i L
72 Li &BEMIL, FTHEBEOBFBEN 10 mA/em? & JEERA R 10 mAh/em? T, FEHLEH 1000
RFfEIRRIE L C b, ZE LIBBEZ MR L R R FEMERMEL R L TR, +0RT v FI4
NIHIZDRAEFIE L T D Z L AR LTV D, AWFSECHH%E L7z ONT L, m R mifg &
BWZEILRZ O =Wt 2 A LT Y | Li & OBFMED @2, BIKERIC Li &8
B —ICPUSEE, LiT Y R A FORMEEEEZIHI L TWD &Ex b5, LiT F7A |k
DR RN E e TR ERE DO RHIZ LV | BEhOFmOL A REMICYUEET 2 2 &M
Hrrshs,

(1) https://www.aist.go.jp/aist_j/press_release/pr2022/pr20220125/pr20220125.html
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Infrared Image Sensor using Carbon Nanotubes
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R A —ZBGRANRA A=V o E, ROV E BRUE B0 A U CIRETE A TS5 2 Bl
T, NCMED OB SN DB ERAT L ENTEL. 20D, =777 1—, 1
YR EOREMS, KEOHHEELREZ YR T5F5 4 hevar, BT A TS5, i
FHEENBTTORIERAIEMLL TV D, BIEOMBEO—OREBELTH Y . Ra X — Xk
OIEFURERE(TCR) D i) LRI LN 2 e FBE L 72 D,

B —R T ) F 2 —7 (CNT)IL, RFEDORAIOIW DT OiE N THER & BIIEE % 7”7,
Porix, BRHEBREANC L0 . B8 CNT 255 mfllEE (2 8RR 4y & 4y BlE9~ 2 Ik B Bl oo B
B LT, £ DHEAN & Fex 23 CNT 7 L TV b T 02 2 Z P58 CRE - 7= Bl Sl
RUZE D, EERBCNT Oy =7 ZHE L7oAR e A —ZBEEERLL | -6%/K &\ 9 BEkpt
BED VOx @ 3 fEEvy TCR ZRBLL72[3]. AWl Foxid CNT ORIMRE By & OVh B @
MEMS(Micro Electro Mechanical Systems)s 7Ll [4]54 e 5 2 & T, Fiic/ie T A AtEiE%
FHL, T %7 LA L7z 640X 480 i DO FEFEM 72 /RIMEA A (@) CNT film Infrared absorber

Contact Support leg
YRS ORISR LB B 1a L 1o 45 RPMEOBERE . cered N \
ET LA KT D SEM AR TS 5 [5]. ARIMRBIUE & Tt D[ 2 722t & .:.—\\ T

L. O B R EIE L 2 AT = ooz GO

. (b)| ™ = 3
OYBEMEE 2 EBL LTV D, BB L 7ot v B3R 7 0 SERBIRFMERT Al i eniraree. _i
Contact - Y LB leg-

5. 02V ORA T AEEIZT 10° VIW LU LD YR (RV)D3MS 5 ‘Ume@aj -
R, ERMTEE TR, BIBE UCBHARI SR, BiESnst DBl S
S OB BT, U MRS = L o, === =
LRI L HEE DL LI B RIAE D, HBO VOO KT Fig L ,ﬁfig'ielfi‘:;rfaf;”i?é?ﬁeﬁlg ©
U EOEPEF ST, SIS BlET 5, CNT infrared image sensor [5].
Z£E3CHR: [1] K. Ihara, et al., J. Phys. Chem. C, 115, 22827 (2011), [2] H. Numata, et al., Proc. 16th. Inter.
Cof. IEEE-NANO, 849 (2016), [3] T. Tanaka et al., Proc. SPIE 12534, 125341U (2023), [4] S. Tohyama,
et al. Opt. Eng. 45, 014001 (2006). [5] https://www.nec.com/en/press/202304/global_20230410_01.html.

(RHEFE] AR D—ERIE, BHRZE0R T 73 F2hi 9~ 2 22 R IRFEEAAF 7 HEEE R L (JPJ004596) D 3 4%
2T bDOTH D,
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Research and development of the carbon nanotube wire in Sumitomo Electric Industries
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Sumitomo Electric Industries, Ltd. °Soichiro Okubo, Toshihiko Fujimori, Daisuke Tanioka,
Hirotaka Inoue, Akira Takakura, Takeshi Hikata, Takamasa Onoki
E-mail: s-okubo@sei.co.jp

FERER T ERASHIZB DT, RIERER O EBLE B L CHEMEIORR L ED TE T,
WK BB L WOUREME, R —R T ) F2—T7 CNIZHLEBE L TEY,
2011 FEICITHR T — L2 L H BT CNT BRROBAJE 2 Bk L7c, CNT MR OB LIz T 23k
& L CiE, OBMRHMEERSh) DR RIb. OFFH LR O Bt ORLmHER L, @F LR DEAIK
FEOM L, O BB ORISR 2 RE Lic, Btz ik 257477 & LT, CNT sl
B DO ANEALZBIIE T 2B 206 & RFFEEE] OREEZED[L], Fe ORKIAZO L
FEETICIR, B LRSS IT D Fe ERE DV T v 7 FUICEZEDRFMMEOE 2 F AL .
IR XV RFEDSIEHEINDBIGEZRNE L, 17V v Uik s L[2), IEVL 72 8k§E 1S
PRALKFETATRR L OO EHESH T LT, Wi @il e R FMEZ iR S5 2 L ITh
LT, Eio, LFEBFIEIE DT KT - BEEBFIEEIC I T Z OEIE~ DR R BLG O BfEE
RO T AGRE, SIS o F LV TORR CNT DR ERD [T u—7 4 2770 v ik
(FB %)) &L L7z[3]e T OFIEIZ KL D mE CNT #i#f ka7 —~ & LT, NEDO 'm o=/’

F &5 FE LRI 2D 75 B 7 A L-L D5 RFRAE Tl iR FHME 288 2 % 10GPa & Ridk L 72,
BICET2IZ LY A — 7 » TREORBEZED TH O [4]. 1km O# Y FHRELENFREL 72 o
7o EIRERM OBRFEEITEERORE L EHR > TEBY | K& HIETH 5 BRI O M
fir& 2%, AENELHEICIIT D CNT M BT OREEZ ST 5,

AWPZEIE, BURRY: BOEWESR  HRE Z2dR & OFEZEIC L DR TH D | mER SRR
THRAFFEE(RIST)EIC & TR A W22V TR Y 9, £/, EVFFERBIEANT =L F— -
PEXEBANM GBI (NEDO) 7wy =2 R 30 B —)LF— « BRECHHEAN 8 7 1
77 b TEEUR AR B iR EE GRS OB TERH S | (P14004) |\ F6 L ORI /T » L PRbtt
PhrHEMERI L (JPJ004596) |2 &V Scf &1 TR 2T - 1o R T

[1] T. Hikata, SEI Technical Review, No0.66, 81-84 (2008)

[2] T.Hikata, et al. SEI Technical Review, No.79, 102-106 (2014)

[3] % 79 [Ei I B Pk A ilrai s 19a-224B-3 Sep. (2018) fE&RFIZ i
[4] S.Okubo, et al. SEI Technical Review, No,93, 58-64 (2021)
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[20a-A23-1~5] Vibronics: Energy transport science of vibrations in solid

[20a-A23-1] Opening

OMasahiro Nomura' (1.Univ. of Tokyo)
F*—"7—F [ Phonon. Heat transfer. Energy transfer

An overview of the energy transport science of solid-state vibrations, named vibronics, is
given, as well as the purpose of this symposium.
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Easy Measurement of Phonon Dispersion at SPring-8

Materials Dynamics Laboratory, RIKEN SPring-8 Center, 1-1-1 Kouto, Sayo, Hyogo 679-5148 JAPAN
Precision Spectroscopy Division, CSRR, SPring-8/ JASRI, 1-1-1 Kouto, Sayo, Hyogo 679-5198 JAPAN

Alfred Q.R. BARON, Daisuke ISHIKAWA, Hiroshi FUKUI, Taishun MANJO

SPring-8, in Hyogo prefecture, has the world’s most advanced facilities for measuring phonons using x-rays.
The spectrometers at the SPring-8 beamlines, BL35XU [1] and BL43LXU [2], provide world-leading flux in
small beam sizes (from 0.005 to 0.1 mm) that can be used to investigate atomic dynamics on meV energy
scales over ~nm to A correlation lengths via inelastic x-ray scattering (IXS) (see [3] for a general
introduction). These measurements are used to investigate many classes of materials, focusing on issues
relevant to thermal transport, ferroelectricity, superconductivity, formation of charge density waves, phase
transformations, localized phonon modes, interactions of phonons with magnons, etc. The instruments are
also effective for investigating liquids, phonons in thin films, and elastic properties of materials in extreme
(high-pressure and high temperature) conditions, even those approaching those of the Earth’s inner core —
measurements that can be difficult or impossible by other methods.

Perhaps most notably the samples for IXS can be small: a comfortable size sample is ~ 0.5 mm scale, but the
method also has been used on ~ 0.005 mm samples, or even 0.0001 mm films. This makes it easy to
investigate samples that are not available in the large (cubic-centimeter scale) needed by inelastic neutron
scattering, the main competing technique. The figure below gives an example of measured dispersion from
a relatively simple hexagonal sample [4].  The plot at left shows a set of 24 spectra that were measured in
a single 1-hour scan, while that at right show the dispersion measured in about half a day of data collection.

0 _(1200) 000 (0012) AB 1312 120172)

s (9091, 0.217, 6 30 ‘ A3 (0108 0204, 6 405 “ 3001160 192,630 . a0, -,1,; . A 010 ]( - - A 10,12, 0,198, oo an 1” ; ; A ! 0 0012)
f : ’I . [ BRES BE A ey : N R R—
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SILLE W LR WL RPN TIW YN £ STV N W/ 0y ]
r , ]

Energy [meV]
f)

1 H s H H
r K M r A H L A

IXS measurements of a simple hexagonal material. At

L e left is a set of 24 spectra measured in a single 1-hour

f1: b P ﬂ WS scan (the horizontal axis is energy transfer in meV)
4

‘ 5 8 while the plot at right shows the dispersion compared
TPV 1) PYVWOTD. ) | SOIPWE WL € W 0L o | SV O b L to a couple different models. After [4].

The present talk will describe the main principle of operation of the meV-IXS spectrometers at SPring-8,
discuss the variety of samples that may be investigated, and the range of available sample environments.

SPring-8 is a user facility. We are happy to consider collaboration with new groups, and/or on new materials,
or in new setups or geometries. Please do contact us if you may be interested. We can be reached most
easily by e-mail at baron@spring8.or.jp, disikawa@spring8.or.jp, fukuih@spring8.or.jp,
manjo.taishun@spring8.or.jp.
Additional information can also be found on the web pages:
https://beamline.harima.riken.jp/bl_info/bl43Ixu_info.html
https://beamline.harima.riken.jp/bl431xu/
http://www.spring8.or.jp/wkg/BL35XU/instrument/lang-en/INS-0000001397/instrument summary view

References

[1] Baron, et. al., (2001) J. Phys. Chem. Solids. 61, 461—465. DOI: 10.1016/S0022-3697(99)00337-6.
[2] Baron (2010). SPring-8 Inf. Newsl. 15, 14—19. http://user.spring8.or.jp/sp8info/?p=3138.

[3] ArXiv: Cond-Mat. 1504.01098. DOI: 10.1007/978-3-319-14394-1 52.
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Phonon transport of group 1V semiconductor alloys

°R. Yokogawa® 2 and A. Ogura® 2
(1. Meiji Univ. 2. MREL)
E-mail: r_yokogawa@meiji.ac.jp

[ Introduction] Group IV semiconductor alloys have attractive characteristics such as high carrier
mobility and low thermal conductivity. As example of device application, silicon-germanium (SiGe) is one
of the promising candidates for 3D transistors and thermoelectric devices. For thermoelectric devices, it is
gradually becoming more important to reveal the phonon scattering mechanism of the alloy material and
control the thermal transport as miniaturization proceeds to the nanometer scale. However, the phonon
properties of the group IV semiconductor alloys have not been investigated in a sufficiently rigorous
manner yet. In this paper, we introduce the information on the phonon properties of group IV
semiconductors alloys such as bulk SiGe and germanium-tin (GeSn) thin films by using inelastic x-ray
scattering (IXS) with synchrotron radiation and Raman spectroscopy.

[Phonon energy measurement techniques] 1XS with synchrotron radiation is a powerful technique to
evaluate phonon energy and dispersion relation nondestructively. The 1XS measurements were performed
on the BL35XU and BL43LXU beamlines at the SPring-8 synchrotron facility. The incident x-ray energies
were set to 17.795 and 21.750 keV, which corresponds to Si (99 9) and (11 11 11) reflections, respectively
[1]. Although it can only give information on optical phonon modes at the Brillouin zone center (I point),
Raman spectroscopy is also useful with high energy and spatial resolution compared to 1XS. We also used
Raman spectrometer with a focal length of 2,000 mm [2] (high-wavenumber resolution) to discuss optical
phonon transport through Raman spectra of group IV semiconductor alloys.

[Main results]  We obtained clear phonon dispersion curves of bulk SiGe by IXS measurements [3].
Moreover, we also observed phonon spectra of GeSn thin film by utilizing grazing incidence IXS technique
[4]. Interestingly, anomalous modes distinct from both optical and acoustic modes of bulk SiGe [5] and
GeSn thin films [4] in phonon dispersion curves were observed at low-energy side. We found that the
anomalous mode of bulk SiGe had no momentum and Ge fraction dependences. These behaviors were
consistent with the molecular dynamics (MD) calculations. We consider that the origin of the anomalous
mode is local vibrational mode (LVVM) originated from the Ge (Sn) clusters surrounded by Si (Ge) atoms
through a combination of IXS measurements and MD simulations [6,7]. From the above, it can be
confirmed that group IV semiconductor alloy crystals exhibit unique phonon transport properties compared
to pure Si and Ge from 1XS results. On the other hand, Raman spectra of SiGe [8] and GeSn alloys are
often used to characterize fine structures, LVMs, and strain states. We will introduce the Raman
spectroscopy analysis of SiGe [9] and GeSn incorporating XS measurements.

[Acknowledgements]  The IXS measurements were performed at SPring-8 with the approval of the
JASRI (Proposal Nos. 2016A1496, 2017B1630, 2019A1678, 2019B1750, 2020A0662, 2020A1463,
2021A1363, 2021B1203, 2022A1470, and 2023B2088). Part of this work was supported by the CREST
under Project. No. JPMJCR19Q5 of the Japan Science and Technology Corporation (JST). This work was
supported by JSPS KAKENHI Grant Nos. 21K14201 and 24K17313, Japan.
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Mater. 52, 5128 (2023). [5] R. Yokogawa et al., Appl. Phys. Lett. 116, 242104 (2020). [6] S. Y. Y. Chung
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Elucidating the Correlation between Thermal Conductivity and Nanoscale Structures
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Amorphous structures, which are neither completely ordered nor entirely random, exhibit physical
properties significantly different from those of crystals. Understanding the correlation between structure and
physical properties is crucial for their application. However, due to the complexity of amorphous structures,
theoretical analysis has been extremely challenging. A typical example is thermal conductivity.

In crystals, thermal conduction is described by the relaxation of phonons through anharmonic effects. In
contrast, in amorphous structures, heat is believed to be transferred through interactions between vibrational
modes called diffusons, which are spatially extended and somewhat collective but lack periodicity.
Considering the delocalized nature of diffusons, it is expected that the medium-range order in amorphous
structures would affect thermal conduction by diffusons. However, there has been no theoretical method to
quantitatively discuss which atomic connections give rise to medium-range order and how this structure
determines the thermal conductivity.

Recently, we have attempted to apply persistent homology, a representative technique of topological data
analysis, to this problem. We have shown that the thermal conductivity can be predicted by quantifying the

atomic connections, ring structures, and voids in amorphous Si using persistent homology. Furthermore,

inverse analysis allows discussion of the
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thermal conductivity by combining topological Fig 1 Prediction and inverse analysis results of thermal

data analysis with physical property simulations. onductivity based on persistent homology.
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Vibration transport at topological edges of mechanical metamaterials
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The topological phases that originated from the discovery of the quantum Hall effect have recently
garnered attention for their applications in classical wave phenomena. In the quantum Hall effect, it is
well-known that electrons are transported along the boundaries of a sample due to the bulk's topological
properties. However, it has been found that topologically protected transmission can be realized not only
with electrons but also with photons [1] and phonons [2]. In the case of phonons, topological waveguides
exhibit inherent robustness against bends and defects, preventing backscattering. This promises the
realization of more efficient waveguides and non-reciprocal acoustic devices. To realize a phononic analog
of quantum Hall (QH) systems, it is necessary to break time-reversal symmetry. Since most phononic
systems do not interact with magnetic fields, theories have been proposed to introduce Coriolis forces
through rotational motion [3]. On the other hand, quntam valley Hall (QVH) systems, can be realized by
breaking the spatial inversion symmetry of the unit cell.

We are developing mechanical metamaterials that extend a wave machine into two dimensions to
achieve vibration propagation through topological edge modes and to experiment with further control
methods. To realize a QH system, we created a honeycomb lattice wave machine that maintains its
equilibrium position despite rotation due to centrifugal force. To realize a QVH system, we created a
suspended honeycomb lattice wave machine [4]. The vibrations of these wave machines were quantitatively
measured using a motion capture system and compared with a theoretical and simulation results.

These achievements can not only provide insights into highly advanced wave propagation based on
topological phononics but also contribute to a new science called "vibronics," which comprehensively

considers vibrational phenomena within solids.

[1] L. Lu, J.D. Joannopoulos, and M. Solja¢i¢, Nat. Photon. 8, 821 (2014).

[2] G. Ma, M. Xiao and C.T. Chan, Nat. Rev. Phys. 1, 281 (2019).

[3] T. kariyado and Y. Hatsugai, Sci. Rep. 5, 18107 (2015).

[4] H. Takeda, R. Minami, O. Matsuda, O. B. Wright, and M. Tomoda, Appl. Phys. Express 17, 017004
(2024)
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Material design for thermal conductivity modulation
using nonequilibrium phase boundary
MDX ES, Tokyo Tech., °Takayoshi Katase
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Semiconductor alloys of isostructural compounds have widely been utilized to control their electronic
structures and electronic properties, which has led to various device applications including light emitting
devices and solar cells. On the other hand, alloys between largely-different crystal structures would be
more interesting because the different structures in the end-members must induce strong frustration around
a critical composition and temperature, which induces the giant physical property modulations assisted by
an abrupt change of electronic structures and crystal structures. This strategy is expected to add a new
freedom for controlling electronic and thermal functions in semiconductors.

Here we introduce a new concept to induce giant electronic and thermal property switching driven by
direct phase transition from three-dimensional (3D) to 2D structures in (Sn1_xPby)Se, a solid solution of 3D
PbSe and 2D SnSe semiconductors. The direct phase boundary between the 2D and 3D structures does not
exist in (Sni_xPbx)Se under the thermal equilibrium condition. On the other hand, applying a rapid thermal
guenching process induced the direct 2D-3D phase boundary in the (SnosPbos)Se due to the large increase
of the Sn and Pb solubility limits. The (SnosPbos)Se showed the reversible 2D-3D structural phase
transition by temperature [1], and more than 5-orders of magnitude change of electronic conductivity was
observed, originating from the abrupt band structure switch from a gapless Dirac-like state (3D phase) to a

semiconducting state (2D phase). We also demonstrated the large thermal conductivity (x) modulation by

the dynamic phonon state change owing to the 2D-3D structural 2D 3D
transition in (SnixPbx)Se [2]. Through the 2D-3D structural 1900 — m:
N . _ . Trreemoese
transition, the 1/2.9-times decrease of lattice x (xa) was achieved 800 .0 600
by strong phonon scattering in the 2D layered structure, and the .. = 3D
. . | = o
electronic x (xele.) was also decreased by 5 orders of magnitude due § * 0O
to the electronic phase transition from a 3D high conductivity state d O/ _
to a 2D semiconducting state. The total x (= xat. + xele.) modulation y
ratio &3p phase/ K20 phase = 3.6 was attained at 373 K (Figure). The oo
present idea using crystal structure dimensionality modulation at 400 600 80O
T(K)

nonequilibrium phase boundary would lead to further functional  Figure: Temperature dependence of

thermal conductivity of (SngsPbos)Se

property switching in semiconductors. solid solution.

[1] T. Katase et al., Science Adv. 7, eabf2725 (2021)., [2] Y. Nishimura et al., Adv. Electron. Mater. 8,
2200024 (2022).
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Understanding heat transport in organic materials in terms of structural elements
including intermolecular interactions
Tokyo Tech ©Takanori Fukushima
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Organic materials are lightweight and soft, and also have a high degree of design freedom and
processability. Taking advantage of these characteristic properties, the new field of organic electronics has
been established over the past few decades. This field has been constructed on a foundation of fundamental
research on the electronic and optical properties of organic materials that has been cultivated over many years.
In contrast to the remarkable progress and deepening theory of the electronic and optical properties of organic
materials, understanding of the heat transport properties of organic materials still remains unexplored.
However, organic materials have a tremendous diversity of elements, chemical bonds, molecular structures,
intermolecular interactions, and assembly morphologies, making it difficult to comprehensively understand
their heat transport properties. As the key to understand the nature of heat transport through organic materials,
we have focused on molecular dynamics that reflect the thermal state as well as intermolecular interactions
that connect the constituent molecules in the solid state. To this end, we have conducted research using
structurally well-defined molecular assemblies such as single crystals, crystalline thin films, and self-
assembled monolayers as motifs, rather than polymer systems in which it is difficult to obtain accurate
microscopic structural information (Figure 1). Here the findings obtained through our studies will be
presented, with discussion about the prospects for the development of organic materials toward thermal

management.
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Figure 1. Overview of the material systems described in this presentation.
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Nonlinear thermoelectric effects in low-symmetry systems
BEXTRICEITSHERERBREIR
Univ. Tokyo', RIKEN CEMS?, BAI Univ. Tokyo®, AIMR Tohoku Univ.*,
OHiroki Arisawa'? , Eiji Saitoh'*
RAI' E®H CEMS’, X BAP, ®iLX AIMR!
OHIR HA ' WHMRA

Thermoelectric effects refer to the voltage generation from a temperature gradient in a solid. While the
linear thermoelectric effects have been applied to heat-power generation, the thermoelectric voltage
disappears when temperature fluctuates temporarily or spatially without a macroscopic temperature
gradient. In contrast, nonlinear thermoelectric effects, which have been theoretically predicted [1], have the
potential to generate electricity from non-equilibrium temperature fluctuations.

In this study, we have investigated second-order nonlinear thermoelectric effects in low-symmetry
materials systems. We developed a method to measure the nonlinear thermoelectric effect and found that a
superconducting MoGe film on a ferrimagnetic insulator Y3FesOi, exhibits a voltage proportional to the
square of the applied temperature gradient. In the MoGe film, mobile superconducting vortices that
generate a thermoelectric voltage sense the magnetic asymmetry between the top and bottom surfaces of
the MoGe film. The comparison between experiments and theoretical calculation revealed that the magnetic
asymmetry between the film surfaces is attributable to the nonlinear thermoelectric effect. We also explored
the nonlinear thermoelectric effect in a Pt/Permalloy bilayer system at room temperature. In this talk, we
report the details of the experimental results and explain the mechanism of the nonlinear thermoelectric

effects, which should be universal in a wide range of materials with lowered symmetry.

Reference

[1] R. Nakai and N. Nagaosa, Phys. Rev. B 99, 115201 (2019).
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Surface acoustic wave-spin wave interactions in magnetic thin films
ICR, Kyoto Univ., CSRN, Kyoto Univ., °Ryusuke Hisatomi

E-mail: hisatomi.ryusuke.2a@kyoto-u.ac.jp

Rayleigh-type surface acoustic wave (SAW) is a propagating wave on a surface of elastic material[1,2].
Due to their surface localization, high electrical controllability, and low propagation loss, SAW is used in
many classical electrical devices, such as communication equipment and sensors for gases and liquids[3,4].
The coupling of SAW and spin wave in magnetic thin films on the surface of elastic materials has recently
garnered significant attention[5-9]. The potential for long-distance transmission of spin waves and the
intriguing possibility of phonon control by magnetism drive this attention.

It is known that there are several types of coupling between SAW and spin waves. However, their
guantitative understanding still needs to be improved. Therefore, we have been working on the following to
promote their quantitative understanding:

1. Development of optical imaging techniques to obtain spatial information on SAW[10,11],

2. Separation of multiple SAW-spin wave couplings[12],

3. Evaluation of magnetoelastic coupling constants[13].

In this talk, we will present this progress and future developments.

[1] L. D. Landau and E. M. Lifshitz, Theory of Elasticity, 3" ed. (Butterworth-Heinemann, Oxford, England, 1986).

[2] K. S. Thorne and R. D. Blandford, Modern Classical Physics (Princeton University Press, Princeton, NJ, 2017).

[3] C. Campbell, Surface Acoustic Wave Devices for Mobile and Wireless Communications (Academic, New York, 1998).

[4] K. Kange, B. E. Rapp, and M. Rapp, Surface acoustic wave biosensors: a review, Anal. Bioanal. Chem. 391, 1509 (2008).

[5] R. F. Wiegert, Magnetoelastic surface acoustic wave attenuation and anisotropic magnetoresistance in NizFe thin films, J. Appl. Phys.
91, 8231 (2002).

[6] M. Weiler et al., Elastically Driven Ferromagnetic Resonance in Nickel Thin Films, Phys. Rev. Lett. 106, 117601 (2011).

[7] M. Weiler et al., Spin Pumping with Coherent Elastic Waves, Phys. Rev. Lett. 108, 176601 (2012).

[8] P. G. Gowtham et al., Traveling surface spin-wave resonance spectroscopy using surface acoustic waves, J. Appl. Phys. 118, 233910
(2015).

[9] D. A. Bozhko et al., Magnon-Phonon interactions in magnon spintronics, Low Temp. Phys. 46, 383 (2020).

[10] K. Taga et al., Optical polarimetric measurement of surface acoustic waves, Appl. Phys. Lett. 119, 18 (2021).

[11] R. Hisatomi et al., Quantitative optical imaging method for surface acoustic waves using optical path modulation, Phys. Rev. B 107,
165416 (2023).

[12] K. Taga et al., in preparation.

[13] H. Komiyama et al., in preparation.

© 2024%F ISAMERER 100000001-372

S4v)

T27



20p-A23-5 HESEGFAMEE AT LMMES WRTFHE (2024 KMAYLEN2RIB&AVFAY)

95474 CMOS D&+ BARAICH T 5BF-HRFHEFA & FETaEHmE
Electron-phonon interactions and nonequilibrium transport
at the semiconductor-insulator interface in cryo-CMOS
RAI, ONHEE
Faculty of Engineering, The Univ. of Tokyo, OKen Uchida
E-mail: uchidak@material.t.u-tokyo.ac.jp
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HE, BFLFEARICED K RISERREREOERICHV. D FOLREBENZSHDORIGE
BICK > THRBRICOBHINIERISERBR Y T —JDBRL. ENZ AV RISHEEERT
DEREICTR o TE oo KFEBETIE. ARBELRIGER R Y bT—0 7 —&ICHT 3 BERFEH
FEZNALIEZRIGEN. BLUORBERSRY T —2ICB DK ERERRICHAEAD
ERICOVWT. A0 BEAZEBNT B
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BRTNAREBHEBICKZILFLTL - SHRA—F A= 3
Flexible Laboratory Automation through Teaching Device and Imitation Learning
RRERBFERTRERKE WR FFE
Nara Institute of Science and Technology, Takamitsu Matsubara

E-mail: takam-m@is.naist.jp

A TIE, BoRT A A LR 2160 U, (LRERBUIGCR T DR Bl B 2 1o
WICHIETEDRAR Y hA— A= a UV AT ADOBFEICOWTRNNT 5, AVAT AL, £
AN ARy b7 Y v X—HIOHORT S A AL TERZZITTH2L T, vy M2k
F—EEDORITEARIZT SO TH D, ZhICL Y, EREITEHELBIELFHEICeR Y b
BorTE, ERpou Ry FHEEAMEES LD,

BT, BB LIV AT AL, BET — & LRI LR - MR T — 2 2GR L, B
FEHEZBMNT 52T ERICESSEEO BEEALEH T2, oMK, vRy ME
HICHURHLE Z 83 57200 T < REOZERORMEEMEIT S LT H#GHICEEL g T
L8927,

AREEHE T, B LIV AT AOBMEEZFNT 5 & & blo, R - T — 2 123D By
BOBHEFNZDOWTHIRNT 2, BRBZIE, SRICEDWTNROALE I EISHIT ST 5
Ay MEAMEES, RIS\ T EREICHEE L NROBFHFAMEERH D, Zh b DO
[ZONWT DO PR EREERZMIT L. AT DOFMEL S HDOREICOWTEMRT D,

> G
BoRTINAR

e st y—  BHFE  RAODRCEBEBIE
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B{REREI B KBS DT=-ODREAY 7 7 7 NIMO

NIMO: An automation software to implement a closed loop between artificial
intelligence and robotic experiments in materials science
NIMS, H#FE
NIMS, Ryo Tamura

E-mail: tamura.ryo@nims.go.jp

W, EEREERE LTEMEIE CHL~T U TR« AT 5 ~T 4 7 ANEH SR

TW5. EHRRETEEME T — 2 CEA L, e ZINET 2 22 HNE L TED,
(RICFEBRTREMEHL 2 ) WOV LT, Y ERGFEERET DM EHER
Al OBIFEBIERIZITOILTWA. X TS, vhy NEREZFIM LIMEHE R -« S
OFRENHEE L. MEEDERFUELZATITHE, BEITEAR Y MBMEEZGRKL, FF
RS RA GO D ARy FEBREBORBEN/ITOA TS, bRy EREE & B
R AL 8T 5 2 & C, ERFMRRELMBIAK - Tl 2 2B KT 7 n—X Fr—
TR S AL, MEIBRICK T2 BHEABFEREZITO ZENTES. LR, rhy
N FEBREEE L APEHESR AT 1X, TRENMNLIZBRSED DT E 272, BF 3 EiE % R
2> TELT, BICANADLZETINLOEMEBENE 70— NL—7%F
L, EBRMTONDZENZ. ZOFETIE, BRLBEAHER L IT/R->TELT,
N2 2 MPRIBAR D B HLY BR< 2 &R TE TWheu.

ZIZT, NONAZ U2 LICARBEEBMEHERD 7 o —X R —T %2 RGBT 5 =
LHRAME LY 7 h =7 NIMO ZBA% L (FTH), A—7 Y =AY T =T &
L CAR L72[1,2,3]. NIMS-0S Ci, mA» MEREELS LOMEHER Al 22 EhET 2
— L E LT, aRy FEEREE L AL 7 LT Y XLAOMAGDOEE®ERETH I LT, i
RAEAHBMEHRER T A2 L& EN TS, RS, MEHER AT ICKT 5 A& 4
WL, vRy NEREEOBRIEZAMILT LT, bR Ta T MEIETH. e R
v NEBREELHWCAEABFERAITO 2N TE D,

analysis_output.py

MRS o SmelYETs -output.py :
- 7V ORy MEE
a1_ Eo_o'l__ Py F—AN—=RT 71 | REBEREHT7A)
I
: I ) .
HRERFA Al ,

|
Al DEFEITE B I RBREIV Ty T 7 »f;l/ ‘
REREAT 711U SIT T Dﬂ‘\;gﬁk#
preparat1on input. py
ZE R

1) R. Tamura, K. Tsuda, and S. Matsuda, Science and Technology of Advanced Materials: Methods 3,
2232297 (2023).

2) https://github.com/nimsos-dev/nimsos

3) https://nimsos-dev.github.io/nimsos/docs/jp/index.html
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BARETREARGCAKREEETETILOMRE L EBERRA~DRATREME
Development of a large-scale language model capable of processing in Japanese
and potential for experimental research.
RIKYE C2L #
Sch. of Mater. and Chem. Tech., Tokyo Tech., °Kan Hatakeyama

E-mail: hatakeyama.k.ac@m.titech.ac.jp

GPT-4 [ZAFR SN D RBMEEFEET /L (LLM) OHBUC KD, TF R MR SN Dk 729E
W bT — 22~ T VTN« AT+ 3T 4 7 AM)DOFEIBICHAAT SRR 2 T 72,
B X e~ VT E—ZNABRE B 2 72 LLM 1%, AR O BB HEIT R 2 1 HALER A3 Al 6
xRN E T — A R EORSAA TIT TE 5 L O IS 2 IR & 5 18, ARFETIX, A
ERENRATFEOHERR AR & 720 9 2 LLM OBAFERIL & . /v FE—F /0 LLM Z AL F25RIC R L
2B D L — 2 — 2 HOW TR T D,

[HAGECHEBT 5 KK SEET L O3]

GPT-4 72 EOpiH LLM I EVVERR A 35 5 — 5 C BUEFEC B B 2B e A > b~ BRI A1
Teh AL <A AR 2 A MIHER H 5, Mx T, KETITEMHGELZ SO AARGEL AL
IZATA D LLM OB b RO BN D, BREITRIT, BEE ST A —Z 28O HAGE LLM OB%E
TuYx MIBHE LZOT, £ 2 THIEMC G B A A U REeGRENSAO LLM ONFZEE)
AEEZOWTRRIT T 5.,

[¥ VT E—Z /b LLM O IR~ D JEBH]

B T EL O PEIT, & OBRUESCHEBEGE IS U TERICE LT 2MEE RS 57120  ERr 7ot
A% EREICREIR L7z Ml MR AR T 20 ENH 5, BEH OITH HH e EKRIEEDTE & ffT
EEZ BT 222 HME LT AT E—L N LM OFEA LTS 4% ET NV ATERT 5 2
& TSR OE Y BA ORFELRY o T Z B REHFTR EIZHONT, 7% 2 PRYE
BT — 4 2 HE ) L BB TEDZ LR Do TE T, fERIZT — 4 _X— 2L L o 72
FHIZe EBRIERSC ) v T & VT E—FVETNEN L THITT 5720 OF MBI > & iz
EE A DY HITEE 7 B R4 % O B LR EBRA~DRZIC OV T HBELET D,

References

1. G. Tom, S. P. Schmid, et al., 2024, chemrxiv-2024-rj946.

2. K. Hatakeyama-Sato, N. Yamane, et al., Sci. Technol. Adv. Mater.: Methods, 2023, 3, 2260300.
3. K. Hatakeyama-Sato, H. Ishikawa, et al., 2024, chemrxiv-2024-zfwxg.

© 2024%F [CRAYEER 100000001-302 T28



tyiary 2024 FE35EICHAYMEZEMETEMBER

VRIS T L | OURSOLOEER) . [—HRAK] EEEMOREK ~ £/ 22K DA T LDIRGTHHA
WIBIEANATETEZIH? ~

[18p-A21-1~10] [—HRZ\BE)] &ERMOEREK ~ €/ 3K DS XFLDRE
TISAYBIIANRTEZH ? ~

[18p-A21-1]
F—F=25 T R L R EER ORIk
Ok L= (1. ELHT /N1 1)

[18p-A21-2]
Od—RL—b« FSYRTH—X—=2a3>%LF 2 DEERMN
O_AHR &2 (1.AGCKRI L4

[18p-A21-3]
S ERBOMBARREFRMENBRT 700 T/ERE
OB A2 (1.0 v 2BER. 2.EBDRAMESR)

[18p-A21-4]
FEFTHICE T BKFBDT ) — U RBATRAM
OfR% FE' (1. EHIEMASH)

[18p-A21-5]
RIGET ARV -2BREAXRE O IO ZFDIGA > E—4 > A0t
O/ M2 sIFO B, 5% #—8 (1. ARI. 2.2RIEBFILEDC)

[18p-A21-6]
YER ) BN —— (R EMEMSINRE & >t % B UL T-iRENHI B
OxE BH' 1.78ARI)

[18p-A21-7]
HmEBTILT Y XL - AF v THAERS 27 L
oMM &' (1.58KT)

[18p-A21-8]
AlFy TREHH R ERET TV b T 42— L4
OMLL BB (1. L)

[18p-A21-9]
FB(KE / 3< D% IEY % NVIDIA Computing Platform
Of BE'(1.IXET 1 7)

[18p-A21-10]
o= 0 —=0 /)DL DI RFT LDORSTIHAYIRIXEANTESZH ?
O=d 15" (1.SCREENE X QYA o4 —Y1Ja— 3V X)




2024F E35EISAMEFZEUFZNHEER

DURSOL | DRIV LOERER) . [—RLH] EERMBORMGK ~ £/ DD XTLORSTISA
YMEZEHNTEEZH? ~

[18p-A21-1~10] [—HRNBH] £ERMOEREK ~ €/ 3< D AT LDHRIG
TIGAYEIXANTEIH? ~

[18p-A21-1]1 A —T =277 KL X /K ERMT DOEEALK

Ofkk =" (1. R T /X L)
F—— R ¥, EERM. Aland ML

FEEMIE. ICAYMEFRTHRARSNSLDLRESY - YRR CTR - EXZHRELITZDD
TTo A UIRDULTIF. BNTEDHIFZ OO TEERMOERMK. £ERSTHESN
BI/HROWBEL. KITEB LT ) —UBITOEE. £ LT RERATF Y THEIN.
RABIG TEATN TLWCBREZ CEEVREE. ZOBELOTRRKCEEZMBML X9,

- 18p-A21-1 -



18p-A21-2 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

(V) A—FRL—b = FSURTF—FA—2 a3 VEXRDEERMN
Production Technology Supporting Corporate Transformation
AGCHkASH AH HEz
AGC Inc., Hhideyuki Kurata

BRI B RS A 5 & T a8, HERBREEOY 27 v ) 7 4 R EORER &
D, BEHEIROONLIEMS —BEEmE>TWND, BEITHEARAT =T RNV E—IZH LT, &
B R L IC, B OOFEERAY Bk LSRR EREZ RZ L TS ZEREETH D,

AGC [FEAEF & LT 1907 LRIl T A o ENELERa 2 flim & L CRIZE L7z, 1910 4ERD5E
— R FOERIFIC . EEFEI O Y —F IR & | EREBOMEIOM A L TR HATE 2720 | #
RO E LT, ZOfEEE R B ENT T A Ot g 2320, T b0 AR
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LTW5, MERBREEZHERF L2 D | I E L SN D FE M ORML & S iz Flz LT 5
ZEIEVAGCIZE s TRERKTHY . ERda—FHRL—h h T U AT —A— a3 (CX)
ERLBETDHZRTF v o AL bR D, TD CX DB D N X L 725 OPNAEFERF O
HiCThod, KHHTIZ, AGC DY RTFEY 7 Ik 2HY MA A s, EFERITO2REE
I LTz,

ET A T ARGEIC BT S GHG HEEHIRELAN IC T 7o r— R~ v 7235, F—L&7ked
DN ZIbRFZ P L2 U — U BREE A~ OBl & BAAR BN Ch 5, AGC 1 3#r =1L
F— .« PEEHTRABIHEME (NEDO) 7 ny =7 M T, HRTHD TEAEEFTOT E=
T EBREHIRIA LTe i 7 ARGE O EFERBRIC ) LT, PET AICE 4D NO x R B AL v
EZ THEISHEREGTND, o, BRI LTI, BINT T 2 KF L LE TR Z D
TWD, BT, &HO DX ICKDHTREMT aE ADT VXY A CHTORIE, ERLD
HEDTND,

—J7. ERMEE T A (BPED OBIRIZIZHT - FHEC~ T U T AL T~ T 4 7 A (M)
LDV Ialb—variel MENENNAVNETSH D, EFEMEMAMEL L, LK
FOEIMEL TV ZE B EETH D, IHIT, ZOMEZRIET 272007 vk 25, i
Bl & 2RI & o> TROER, TEROBHFIIM BB, 7 m & ABHFE. BRMBHFE 2 ZE R
Fhi S, B OB CRIENRAE L THENFRY 7575 — A b R b, BUETIINH
BeBEIN S . MR, 7 AHGE . BRI E 2 L. RIS T S bR o#Ed D
ZEIZ R VRN BREEMTON TV D, TNORRE SIVONEERNTHY . Zhnbo
AEPERINE ORI E S 2 X 9,

© 2024%F [CRAYEER 100000001-206 T29



SEBRBONBHERERTENEBET 500 ITFRE

How to use IT to help engineers build knowledge systems for manufacturing
DU RAERSE, EROBRMTRS #E BX
Things, LLC , Study group of Practical Design for Mechanical Systems Sota Fujioka
E-mail: fujioka@things.co.jp

FEHIT, 20 FERICE V O REEDBEE~DOEIF a LT 4 T — R D b
THWTWS, Ll By 7 T —ZOIEASC DXALNER SN TV LHTH DICHEbL ST,
APEBG I CE R SN TR M AR BA R EREDITTEN STV 2 R¥EICHE - i
MiCThn, SHITEATIE, TV BERETICERSNENERRGIHEEDWR 2T —2 % A
VAT LTHRET DT T, HINEICE > THMAZM@ A T 2 2 L2 W 2 BN & 5

EOITE T TV D, T EEICHIFE Y OEZELNTOHEEITZ RN EIK TS,
KHEHTIE, o a YT 4 o 7 —EAD—B L LT, BEREEDEINE OEED
FRE 2D | BIRITARZE LIEARBER 2% — U — FMERZFREN L, HuB IS IEME SRR S 7 k4
KT DT — 2 R—=AEGT LA T D[1], FEOMEETIZ T T < FigliZRd . #Rit T
WP LR T —FN— AV AT ADTEL A M L—arbiTH, BB, EHT. BHEC
Y TEEORGHRES Y —X] LW EEZ BFEL TE e [ERORGFIES] L) s
BWRleaia=74DO-HTbdH D, FAFERO RS S TANEREHE] o=y 2[2]h
WO ANTZFGRT —F_N—2ADF ) FEErT 52 LN, ZHEEES EMRFET Mk

fie A Eo—ic 20w Thd 5,
ZEHER [LFEBRORFHIIES (2019) EBRORFHEE ZRULERIE OO OEET vt X, AT
T AL 2] EBR DR FHFZT (2014) FEFROFRFHEE SGTHR MMEREI OB 2 )
&k, AT

5 Knowlodgn Sourcing
B(Option)

TR | HAGRER | BRBMER SRO02E |

ET L [2£]

[FEgti EX5HT = =]

N EE L ﬂ AE#E N OEERBICARNIRELE.

TChsEzmnzsen (=)
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BAVEIIMb A5 HT. FEELEAASVFEREIE O RPLE
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i
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BE3m&3Ic, S EMEE— (ki@ LL. BEHERBA NI
BITEEL. GCHEREEITT,

[neik]
CAERIE, HEELOREVEIAIRIS, LA > TRIZTESS
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EECAEELLENLIITEET S,
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Figl.User Interface of Database System of Structured Knowledge.
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E-mail: h.iino24@kurita-water.com

Aw—=R 74Ty VA a—7 7 Al 72 EEERTEEOBIN D g R
ERITFEA R L TN D, FHEET S 2RI RED T X LF — L KN RAI R TH D50,
WAMECREB L EIR O FRIZE- T, U e N TBCS 72 0 IIHE SN D KEITHMERICH V. FF
ot ATRE 72 B ARG O EBLZ T T TR AL E TH D, A TIE, RHEARRE THIEASH
HEMAREE S 2T LD OBURE ZORH O 7 ) — ACBIRIZOW TR T 5 L L biz, T =k
HZFB T DK KOS O LB L, CO2 HEHEDHNRIC T - EREHBNT D, EoFF
fot ATRE 7 YR RGE 2 ), BN TR s LT/ ) — ARICH ) T B E R D,
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RiETS AT ZAVE-ERRERE IO EAD
TDHA 2V E—5F U X IEHE
Diagnostics of metal-surface modification by reactive plasma
using in-situ impedance spectroscopy
RARI ', #FERFAHBER/ DC? (D)MMA Ba 2, IF0 EFEZ', LB #—8p!
Kyoto Univ. !, JSPS Research Fellow 2 °J. Morozumi ', K. Eriguchi !, and K. Urabe !
E-mail: morozumi.junki.74m@st.kyoto-u.ac.jp

[1IZUDIZ)] Kt~ T A~ & W IME 7 ot 2 38R T N 2 B CEE/ R EE 42 B L

Tkv,

T A= LT AR TH L ERREOMEIEMN 2B 5 2 L3 7 v A 0%

BICAHRTHD. Hxld, 77 A~PHDEEMEIREREDOZDSFHIES LT, I X
~ L ERM BN D 72 5 R A ERENRE T VTR LREREBZRIT T 5, 205/ E—X X
536 (In-situ impedance spectroscopy; in-situ IS) £ 4 HWZAFZE 21T > Tnd. ZHETIZ, 77X

~ iz

CHWD e RBEETOREHE R, 7T X~ b OEZZRAN NS K D AGBARHIRE O Kk

AL Z D Z IR L TE[1,2]. AR, ET 7 A~7av A0—fEThHE8RDE

i3l

XL Tinssitu [SIEZEM L, 70 B ARIRSCRUSEZ KT ORI ZAT > 72/ R 2 s

5. TIAEHWEERRILT vt XA TITE&BICHINT 2 E/ A 7 AEENSE B AARICK
ERBERIFT ZERMLITWA[3]28, Hiit/ A 7 AHINE in-situ IS 512 8) 0 £ 2 ] HE
IRRGHET T A< EBR U AT DL, ERRE{T-o7-.

[EBR] Fig. 1 [ICAFE THWZEBREEZRT. BT ¥ o NN—NDO AT — LI % & X,
R (BRI ¢20mm) OF7 7 v U EEEICK W EE Lz, Zo8ilkzZ 713> (Ar) /ERE (02)
BETAT T A< (Ar:0,=10:1, /1 10Pa, A& 300W) [ZHEFE L, in-situIS FHHNIIZ LD
FHBLBOA L E—F L ZAEFHBI L2, KRIZ, AT —JICHEBRETE 2GS L, BT A
BIE (Vae=+20,+30,+40V) % 10 3MWEIM LN 5 7T A<g@EE21T-7-. T D%, in-situlS i
MR 2 FERe L, B/ A 7 AHIIRHCIE R S =R HEBRLE DA v B—2 o X &5l L7z,

GRES

- #42] Fig. 2@\ Va HINATH DA v B —F L A AT MV ERT. Ve HUBIZR b5

YO AR VIR EBRCE OB REER L T\ b, RiFEiE{bE % RC WHIRIEE TET L
L, 74 9T 4 7R OBLIBA & =5 2 2D Ve ARTEMEZ 74T L7= (Fig. 2(b)) . FEBRfE 5
D Vae DYERIZ X DEMEIBIRIEESHER S, inssitu IS JER T 7 A~ 7 B AL VRS
A5 FERECFR AL D OGEHANCIEH AIRE Th 5 Z L RS LTz,

[BH012] in-situ IS VEIC KV, KIGET T A~E W& REFRELEOEREZ T v > R—HNT

FEAH #T

ECHLZ LZWIoMNTLTc. BETIE, UEOMRICIA T, EREEAMC X 2L

7a A2 FENRE L 72 in-situ IS SHAGE B OWTHEHAE Ly b, B H R LE RO
BB X DR EITED T T X< REEELIC OV TiEm T 5.

O Before DC-bias application

] " Ar/O, Plasma @ After DC-bias (Vj, = +20 V)
Microwave ry
| .
Sheath \g
| ol . 3
Oxide layer il : & . (a)
Exhaust | Cu substrate el 10 20
; Re Z (kQ) i
—— . PeN
L ' DC-bias g L
r 1 Ve application = 40} 0.6 =
X o
Stage\_ &% R o [ | ©
Stage port port = T@ i 0 0
—O b Lock-in | In-situ IS
(a) (b) amplifier [ measurement Vac (V)
Fig. 1 Schematics of (a) plasma chamber with sample stage and (b) circuit Fig. 2 (a) Impedance spectra before
model of plasma/sheath/oxide-layer/Cu-substrate structure connected to in- and after DC-bias application and (b)
situ IS measurement and DC-bias application systems. dependence of Rox and Cox on Ve.

HEE AWFIEO—EIL IST SPRING (JPMISP2110), BHFE (JP24KJ1413, 24K00620) DB EZ T 726 DT,

ZECER (1] mAEe fh, 2 82 BEUS YT FFI R 2, 10a-S301-5a (2021). [2] J. Morozumi ef al., Jpn. J.
Appl. Phys. 62, SI1010 (2023). [3] M. Kitajima et al., Phys. Rev. B 53, 3993 (1996).
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WE Y /3 —— &t MEMS IEE £ > Y& AL - IR R
Vibration Discrimination Using a Physical Reservoir Integrated MEMS Accelerometer
N e -

Kyoto Univ., “Toshiyuki Tsuchiya
E-mail: tutti@me.kyoto-u.ac.jp

T, ToT BV RNE LT — X 2K CUET Iy VarBa—7 4 V7 RBESY
ZU REEO X MEBOT-OIZER SN, Al Fv 728 L7-4 MEMS U323 S
TW5b, AL CIHMEEEE ML EZ B L, Al 7 v 712 D IR IRE) TS 2 I g o
IZ— b L OIRE) IS E CRESLIEEITO WY FN—a B a—7F ¢ 7 (PRC) & FETN D
B 7Y X AOFEIEZ X D2 HEEDO I L D IREABI 2 R LT 5,

Fig. 1 < silicon-on-insulator 7 L\ T /3 A
AJE(15 pm JEYNZEUE U 7= J& 1 B2 R s
v o OBESRTH 5, MEREIC X 5 ENM
ISR TG S 4, MRSk %
B2 5 Z & TE OB ILIRIEE) OIS E Fr
MEERT D, Z ORE) O IARIRENIGNE &
ZDOIEBIIEIC L 0 WHEL Y PR — T K E R FDID_ | :
FEMHAENE & SRR IRRRE ) 2 2 L T 5, L —
- ORE T OB ORI e | B2 Dar|o gl g IS
VTV TL, IhEY P AA—DRIERE L
L C, FrfiEBEA PRC & L CEMESE S, 2
DT IS8 A TAFERIREN AT OB, B 2 (TAEFELEEIZI T 2 [ESEE R (E— & | R 7))l EOf
VR, BERE, AR ENAOEBRREEHBI 7 £ MEMS ORI IED A TR IN D,
BRpE LT ARIEERREED BN W FER % Fig. 2 IR 9 [1], AR ORT v MIANTZ A
~— N7 3 B H AT IER T A & AT S KT O SR ENINGE EE O 2 REE EAE LR
MTEUFICAN(Fig.20) & L, H(TE Y a Fo VOHMETF 7=, BB OIS E 7Y
v MR E R LT D & fem 98.8% DIEfERE A 1572, Fig. 2b 1L OEMICEIT 5 U B —IRHE) 1
DOIREEALTH 5, IWRIECE I TITHR] LI WK OEWZIERIZIRE) O A7 U v 2%
HNWTHFGFHATETWVD Z ERFWNIEMEOER & & 2 T\ D,

b)

Physical reservoir integrated
MEMS accelerometer

Vibration (Acceleration
S

- .

= Mass displacement

%

o Support beam deformation

‘ Axial force on beam resonator ‘

Resonator

Modulating nonlinear vibration

Figure 1 Reservoir integrated MEMS accelerometer
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Figure 2 a) Input acceleration, b) reservoir resonator vibration amplitude.

[1] T. Mizumoto, et al. The 22nd International Conference on Solid-State Sensors Actuators and
Microsystems (Transducers’23), Kyoto, Japan, (June 25-29, 2023), pp. 1664-7.
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[1] Kazuhide Higuchi, Chihiro Matsui, Naoko Misawa and Ken Takeuchi, “Comprehensive
Computation-in-Memory Simulation Platform with Non-volatile Memory Non-Ideality Consideration
for Deep Learning Applications”, International Conference on Solid State Devices and Materials
(SSDM), September 8, 2021.

[2] Kazuhide Higuchi, Chihiro Matsui and Ken Takeuchi, “Investigation of Memory Non-lIdeality Impacts
on Non-Volatile Memory Based Computation-in-Memory Al Inference by Comprehensive Simulation
Platform,” IEEE Silicon Nanoelectronics Workshop (SNW) Poster, pp. 57-58, June 11-12, 2022.

[3] Kazuhide Higuchi, Yinghao Sun, Chihiro Matsui and Ken Takeuchi, “Noise Event Injection Training to
Mitigate Inference Accuracy Degradation due to Non-ldealities of Event-based Vision Sensor and
Computation-in-Memory,” International Conference on Solid State Devices and Materials (SSDM),
September 8, 2023.

[4] Adil Padiyal, Ayumu Yamada, Naoko Misawa, Chihiro Matsui and Ken Takeuchi, “Analysis of
Inference Accuracy of Convolutional Neural Networks due to Quantization of Weights, Gradients,
Input and Output Signals Stemming from Computation-in-Memory,” International Conference on Solid
State Devices and Materials (SSDM) Poster, September 7, 2023.
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