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Design of optical thin films for building-integrated photovoltaics using numerical calculations
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Figure 1. Optimized spectral reflection characteristics that achieve

sandbeige color with different brightness and conversion efficiencies.
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35 3Lk 1) J. Escarré, et al. 2015 IEEE 42nd Photovoltaic Specialist Conference, (2015).

2) L. Adachi, et al., Jpn. J. Appl. Phys., 62 (2023).
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Improvement of semiconductor properties of MoOx films with N2 annealing prepared by ECR
sputtering method
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Evaluation of surface passivation properties of ECR sputter deposited MoOx-Si hetero-
junction solar cells
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A study on Spin-coated TiO2-ZrO2 Antireflection Films onto Textured Si Solar Cells
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Influence of passivation films grown by nitric acid oxidation on
heterojunction silicon solar cells using molybdenum oxide
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Effects on intrinsic Si-Cl and water vapor on the devitrification of silica glass
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Fig.1 Temperature dependence of devitrification depth of silica glass sample; ED-B (no Cl) and ED-C (containing-
Cl), (Left):in Air, (Right): in Vacuum condition.

1) Naohiro Horii, Akihiro Inouye, Nobu Kuzuu, Hideharu Horikoshi, “Effect of Suppression of Devitrification by Chlorine-
containing Silica Glass”, Journal of the Ceramic Society of Japan, Vol. 127, 10, p773-776 (2019)

2) Naohiro Horii, Nobu Kuzuu and Hideharu Horikoshi, “Promoting vitreous silica devitrification by placement on a NaCl grain
at 800-1150°C, Japanese Journal of Applied Physics,60, No.4, 045503(2021).
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Water-excess cosolvent-free synthesis of poly(methylsilsesquioxane-co-dimethylsiloxane)
liquids and deep-ultraviolet transparent elastic thermosetting resins
000 '0AGC? CO00 00 'Doo oD 'ooo0o00'oooo?00000 2
TMU!, AGC? OKoichi Kajihara', Takuma Yoshida'!, Masanao Ishijima',
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O0000obOoobooboonood ~185mmdOn0 s89nmmII 0000 np O Abbe I vp O OO
obd ~14130 ~570 00000 ~eHOOOOOODOOGOOODODOOUOODDODODOOoooooDoo
@QoooD)yo ~260MPa000O0OOD0OODDO0ODOO0ODOO0OOO0ODOOOFg 300000000
ggoooboobboobotbddoooboodooooobobobobobbodooooo o oo

o

Absorption coefficient fem™
N S
T

[1] C.Robeyns, L. Picard, F. Ganachaud, Prog. Org. Coat. 125, 287 (2018).
[2] T. Yoshida, M. Ishijima, S. Yoshida, A. Koike, K. Kajihara, Polym. Chem. 15, 1937 (2024).
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16a-C32-2 HRSEBANBEAUSLMBES BEFHE (2024 KEAVLEN2RBEAFV 1Y)

AWARAERY VILERFAXH 2D A-O-P EIEICE D
=im - EREREETO F EEERORRE

Development of fast proton conductors for high temperature and low humidity by
Al-O-P crosslinking of sulufonated polysilsesquioxanes

#MIK OD)RE EFR BE BE KR &E—
TMU ©(D)Hirotaka Itakura, Masanao Ishijima, Koichi Kajihara

E-mail: kkaji@tmu.ac.jp

WE EEES TR ORER | L E 2 2 MeDw, & o
(100 °C LA k) - {17 ©fEB) wTAE R EEARETIEA R D b T B, 27

KU S AF A F Y (poly(R-SQ); —HE(RSIOs))IE, SO & aoo0 200k _|
BRHEROE W) AL LENEZ AT 52 Lnnh ., AWERE gzooo 1 (liid)

3 R ICHRBRMEIEA A LT 7 1 b AR poly(R-SQ)A % & AL
NTE( L AN, M, RO - BRI THMEY e e,

1 2 3 4 5 6 7

55 R poly(R-SQF T 0 b AZEKIER TR, D ok
D 77— 713 poly(R-SQUlK DMLV EA % 523 L f= it xRD  F19. 1 XRD patterns of 1, 2, and

a-SiO..
WL T oI E IR E AR S, EE~Lnm =37 ’

v VALY S b7 5 2 EDVRB ENTZ[2]), ARl R A
RIIBRERIE L & L C SOsH ZE, 2846 A & L C PO(OH), 54 >
poly(R-SQ)A U I~ —% &AM L. b4 AFO-PFEAEN LT
BUET D Z LT RO mIR - AR E S CE M BEME 2 R

»

| | &)
Fig. 2 Photographs of the sample

7 N AREROBIFIC R LT [3]0 THIET 5, prepared at (zai, zea) = (0.2, 0.5).
Z B (3-sulphanylpropyl)trimethoxysilane (3-SPTMS) . (2-diethyl- Temperature/K
phosphatoethyl)triethoxysilane (DPTES). 7 i % % 3-SPTMS : L o 350 300
DPTES : H,0 : HCl /L4 0.8:0.3:3:0.002 TIRALT20°C e O O
TN, 80 °C T 1AM, MMM TIRIELEBE, a4 § 8 o 02099
AR 1 & 30 wt% iEER{b/AKEKE S H0, DENLLEEL 5 TRAL g N o |

T20 °C T2 A, RSO HO, EOMRET S0 B 4 o O
SRR LRV TR S ETHAROBE K2 287 B2, § 4 o

LT VR =7 AR, U L ER(PA)Z Si Al PA OFE L 54 26 28 30 32 34
FEL: 2o 2 2on TAICHRR S & CHPAR T T 100 °C T2 AMAE . o 4 A:fﬁgﬂf;;‘per;}g'g” of ac
KEF Sz, SO 7-30EHE H - 3P NMR HIE. X BREHT  conductivities of samples prepared
HE. Au B Z T2 RS AR E IS K-> TRHE L 72, at selected (zai, zpa) values.

FER L EBZE NMRIME LV IR L & FEIR 2 OREEITZ 711271 poly((EtO):POC,H4-co-HSC3He-SQ).
poly((EtO),POC,H4-co-HO3SC3He-SQ) Tdh 5 Z & M3 fifEsd S 4172, XRD 3% — /(Fig. 1)i% a-SiOz (272
WE—7 QuarL, L, 203U B Y vFarz REPHALZ T -V = VA I<v—0hbk 5
T EAVRIR S LT, B 2((za), zra) = (0, )18 < JieZ o 7223, zar DIFINMTFEVEIVE, zpa DIEINC
PEOFHMEDR B L. (za), zea) = (0.2, 0.5) TIE¥—F CTHRAR VRS & 7= (Fig. 2), Fig. 31
TR EE R IE LB OZSRBEED T L=y A7 a y &7, (za, zea) = (0.2, 0.5) THE
B 72BN OARE E 13 120 °C (<1 %RH) T~22mS cm™ T 1 | BEFEM O EhIC 2B 22535 (10
mSem )LV &<, BEAOREIR - RREH 7 7 R ABEEROH TH K LUV OERG b,

[1] K. Xu, C. Chanthad, M. R. Gadinski, M. A. Hickner, Q. Wang, ACS Appl. Mater. Interfaces., 1, 2573 (2009)
[2] K. Kajihara, R. Seto, K. Kanamura, Y. Onodera, S. Kohara, Phys. Status Solidi A, 216, 1800475 (2019)

[3] H. Itakura, M. Ishijima, K. Kajihara, Chem. Commun., 60, 5683 (2024)
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16a-C32-3 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

RIVAV—Y—#B/EPLD) I2X B
FEILI 7 ATV FEIROER & &4

Preparation and evaluation of amorphous alumina freestanding thin films

deposited by Pulse laser deposition (PLD)
RIKT' XTI ? XREFH® CM)PMEFRETF' ANN—rDz—L2 KEMB' F
a°  RERES NEHAE
Tohoku Univ. !, Hokkaido Univ. Dep. Engineering 2, Hokkaido Univ. RIES?, °Sohei Ogasawara?,
Melbert Jeem?, Kazuro Kizaki?, Tsukasa Katayama?®, Yasutaka Matsuo®, Madoka Ono?

E-mail: ogasawara.sohei.s8@dc.tohoku.ac.jp

[;';Eljﬁ%j/j J:UZ:HF%’-E@ B El}‘j] %%’l‘i?lv 3 - (a)400nm k(b)lZSnm \ q
7 DT ESFERE, TiEWE, M7 2 b, 3 - | J o\
z " " | Ae
Bex 87 A ADRBH E LTHRSNS. || weam] N\ e
£ \\‘\ \\ / /
FAIFEHBMT DL TEAT 7 A b N -

20 mEWEME A SO Z L NSRS S R
D, ZoXH>TENALT 7 AT/ F0ERE Fig.l. NMR spectra. (2)400 nm film (b)125 nm film
FIAFESLT AT, L0 TRV & L OUSH TE 5, A TIE, Bk ORYEE % F)
MLTTELT 7 AT IF (AlOx) KOG L, JEFHE & B A R 2 J 72,
[FiEB LORR. BE] BIEITPLD 2z, £ SrTiOs (100) MR I, /KIEVEDREE
J& & LT SrAlOs (SAO) Z#J 25 nm DJE S THERE S 72, HtW T, SAO @ LT AlOx & 2 HEFS
L7z, AlOx )& & LT 1~400 nm D#HiH TR 2 28 2 723kt a2 HE Lo, Bt ZKIZ AL S & SAO
JE SRR L. AIOX RS FIBE L 7=, FIpfE L7-f5% TEM 7' U » R~ERG Lz, AlOx DFEE2 10 nm
LUF Tl FHIBERTIC 3L & LT Au 288 24T 07200 U IRITHED < BRAL B8 T3 R 722 v o 72,
STEM(Scanning Transmission Electron Microscope) z H N TJE S 1Inm sUEH A BLHI3 2 &0 Au ldfR
ELTEY ., Au B FHEET Al & O O3 EHII) TRVEE 2R 2 EfT 2 Ml T & 7z, &
Z NMR(Nuclear Magnetic Resonance)% VT Al Y1k OENIEL 5547 DM % 58772, 400 nm D
T AIE AIIAERRCTH D . AIBTIZIFBIHI CE RN & D, TENLT 7 ADHSR
RN ERB ST, £o, AIME AIID NG | KESIEy -T AT Th D LHEI S
7o —777TC. 125nm OIETIE, AlBIO v — 27 ZSHBRICBII S Lz, Zh b ORERN G AlOx iR
DEWNEETENT 7 ZADHFENE L, AlOx (X SAO Dii TIEXTENLT 7 Ao TWNWDH I &
DRI S L7z, % Z T XPS(X-ray Photoelectron Spectroscopy) % v T Al, Sr, O, Ti OfbiEfEank
REDVE SARTFIEZfRIT LTz, 5 & Al O XPS B — 27 OMIREIZ, Fifh & TN T 7 ADLRNE
B HEANLONT, T /ATy T—varillfiztiolzb 2 A, XPS 05 BAES - it
LT ENT 7 ADHEREEIERITHEN A b,

(&35 3CHK] 1) Frankberg et al., Science 366, 864 (2019)
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16a-C32-4 HRSEBANBEAUSLMBES BEFHE (2024 KEAVLEN2RBEAFV 1Y)

TR IRt T EIZ KA BB E N FEICE D<K
ERETILSFREID ELNES ARSI LEEDFER

Interpretation of ELNES spectral differences between amorphous alumina
based on local structure classification using deformation distance plane
mEaN, XEFEA USRS, PAMEZ, BHEKX REXE HBHPFER
F* 0 o7HAe SEinB iR
Y. Yuzawa, T. Asano, H. Kawai, K. Nakamura, Y. Aiba, D. Hagishima, and H. Tanaka
Frontier Technology Research and Development Institute, KIOXIA Corporation

E-mail: yusukel.yuzawa@kioxia.com

FEAT NAATEASNDIEE T V2T (AIO)IE Dot B BE M 2 A4~ 120
A AEE O EfER BRE N B ChH D, MG E BB R AT R 7 i s & S 95 0%
I s fsmA% & (ELNES; Energy-Loss Near Edge Structure) A7 ~L%H7 nm D ZE ] 53 f#HE TH|
ETE, THAAANORRENE A BT C& 5, — 7, (EROIESEE D ELNES fEHUIBEA DR
Ba AT MLINDDOFHED - THY[1], FdnE-FEeaE M DR F G D ZE 2OV VT ELNES 725
FEAINDIERIT D T2 Tz, AL TITFESR AT AN OFEHEK ST I E O SR
1EED BT ED ELNES fiffR &5 70 7=,

55— B T8 1 (AIMD) RIS KV IR E T AT HEEE T VEERR L, BT LD 320
HWOD Al JFAJE0D RS L, RIS Al K ¥ ELNES O GEH R 2 I L7, HE
DRI R T & B89 572012, IEM AR X ONE )\ EABCNLA NS Wasserstein BB X
DRSNS AT ERE) 238 AL[12], 2O BERE) S ST IV m | 2 Ek LT, D%, T
NTCO Ry P E A AR 7 ey N, Ward IEIC KA 7 T AR 7w T T,

VR R Fig 1(ZEWRT, 772XV 70280 5 EOHE (a-e) 23F540, ZAUSIHIE MY i (&
BONTL AlO4 (ZHTVO (a, b) & IENHEAEINL AlO6 (ZHTV O (¢, d, e) IZ KBS 7=, d & e IFIE DY
REAL D DO ZETEEEBE (R D - TIE B TEROVA, el B2 7 vy AR FIEICE - TH)
D THFETET, £ (a-e) D) ELNES % Fig 1(FA)ZRT,a, b TlL 1 2. ¢, d, e TiX2 >
DEHERE— I 5T NTNAL, EBIZb L el TT VLI GT D, ZOZENDL, HWNZITHETS
CRALLD) R FTi§iE X ELNES A7 MUHBFEPIL TEY, SHIZ AlOs #EE AlOs BEZNLENOHT
RERBAZFFORIE (b, e) TIXVE—IRBRISNDZ LD 37 oTz, SHIT, FEHlld ELNES
Z¥) ELNES T4y T4V 7 THIET, 1ERITRIN TX7eh o= E-FEEM TR LD
ELNES D7) 72 8% Ja i 15 O B A OB O T & 7o, AW P& O /3 51
LT HHEE T 2 A4 D82k, FEE O E ST H el 82 52 58 D Th 5,
SZX#L [1]K. Liao et al., J. Phys. Chem. Lett. 11,9637 (2020). [2] S. Takemura et al., Sci. Technol.
Adv. Mater. 22, 185 (2021). [3] &% fih, 2024 FZ=I5H, 23p-12M-13.

v

T A’I T T a Fig. 1:
L (Left) Local structures of amorphous
' ' ' alumina plotted on the deformation
distance plane. Hierarchical clustering
classified the structures into five groups
with representative structures shown in
¥ v the figure.
‘ (Right) Average ELNES spectra of each
) o v v group.
.9%} e : : (Cited from [3], © 2024 The Japan
L ® 1 150 1555 s Society of Applied Physics)
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16a-C32-5 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

RCEXRNRLGLETEIL T 7 AMBOBENERD
FARODSHILT—2EITICK BB
Structural Insights into Thermal Conductivity of Amorphous Germanium Using
Topological Data Analysis
°" E/ KK A’ %E HEE' % '
°Yen-Ju Wu ', Kazuto Akagi 2 Masahiro Goto®, Yibin Xu'

1 Center for Basic Research on Materials, National Institute for Materials Science (NIMS), 1-2-1

Sengen, Tsukuba, Ibaraki 305-0047, Japan
2 Advanced Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai

980-8577, Japan
3 Research Center for Materials Nanoarchitectonics (MANA), National Institute for Materials

Science (NIMS), 1-2-1 Sengen, Tsukuba, Ibaraki 305-0047, Japan

E-mail: Wu.YenJu@nims.go.jp

Due to their thermal properties, amorphous materials are attracting increasing attention for industrial use.
Compared to crystalline materials, amorphous materials exhibit distinct thermal and lattice vibration
properties because of lack of periodicity. However, analyzing atomic networks in the transmission electron
microscopy (TEM) images of amorphous materials is challenging.

In this study, we applied topological data analysis (TDA) to detect a hidden order in TEM images
referring to the atomic arrangements obtained by molecular dynamics simulations of amorphous
germanium (a-Ge) and characterized the structural factors influencing the thermal conductivity of a-Ge
based on principal component analysis (PCA). Our findings indicate that larger atomic rings, formed at
higher deposition temperatures, significantly enhance thermal conductivity by facilitating heat transfer.

By utilizing data science, this study quantitatively distinguishes and characterizes previously
difficult-to-identify structural factors in amorphous materials. This method introduces a new approach for
incorporating metastable phases into the development of thermal insulators and thermoelectric materials.
Our results suggest that manipulating atomic networks through controlled deposition processes can

optimize the thermal performance of amorphous materials, opening new avenues for material innovation.

Reference:

1.  Yen-Ju Wu, Kazuto Akagi, Masahiro Goto, and Yibin Xu, International Journal of Heat and Mass
Transfer 221 (2024).

2. https://www.nims.go.jp/news/press/2024/01/202401190.html

3. https://www.wpi-aimr.tohoku.ac.jp/jp/achievements/press/2024/20240119 _001737.html
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16a-C32-6 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

DFBAFEISaAL—PavIZkD
D vitYH S ABEDDHEEKRFE L READRE
Molecular dynamics simulation of cooling rate dependence and nucleation of
oxyfluoride glass structure
B, BRK? RK? Ol @— 12 K Hihd
AIST !, Osaka Univ. 2, Kyoto Univ. 3, °Kenji Shinozaki'>, Masahiro Shimizu?

E-mail: k-shinozaki@aist.go.jp

fEE b T 23N T 2D & REOBREZ R CiLE SN D, bl 7 2 OBSECHRLE B IZ
B DERALOMBEI DT DITIEH 7 ADFERCEFIET 20N H D0, L LEOTRIZRETH
5o FEEBEIZOWTIIERUC IS < WHEE D O O®BL b /NS <, F2, 8% (MD) v 2
2= a LML HRESIN TS, —FH T, BEIEKO MD ¥ 2 = L—1 3 3Kk 7K R
OHENMETHY | BIEEPELS ERR /NSNS A UFRCE8R TIERENH DM, H T A TR
MR R OO REN KT E LD FER L Tl T4E, Shinozaki © 1% BaF,-ZnO-B,0; % iC
BWTREERO 7 L A amiEfE (~10°K/s) THT / fdb U, fidbhifRis XL ORIE SRR L2 £ 0.5
nm & 72 BRERAL Y T A W L NS R & mEE R MD CEERGE BT 5 9 X T
FRTHD, £, ZOHTARZDO MD RT U X /L bMELTEY, ¥ 7 ADBEREBRFT DI
I TH D, KR TIE, V7 ADOEERERFTT2ET V7 —A L LTZO BaF,-Zn0O-B,0; 2
TAZEIRL, MD EEZ W THABBR TED X ) ITHEERFENRET 2O EBmE LT,

W T AR A 20BaF,-40Zn0-40B,0; (mol%) & 72 % R T 108,800 Ki 1% 7 > ¥ LIZHELE L 7=,
LAMMPS /R r— 2% H BESRO AR T o v b V& GHR 22 2 MK D 72 8 Hiffi 72 Buckingham 787
VY MIBEIELTMD YR alb—ya i {Tolc, 9. U7 AMEELIELTDIT, FEdiB O i -E
12 % [ 8 L 724K HE T 2500 K 705 300 K & ThE & 72 Im HEE, 1 bar T NPT 7 > % 7L THEI L=,
F 7o, HEO IO 72 DS MD E S VW2, RT 2 v bIZiE M3GNET? 8 L O Matlantis® %
Wize ZHUS T 1,020 K %2 7 > # LIZELE L, 2000 K 25 300 K £ THEA 22/ EI#HE, 1 bar © NPT
TP T TTHREILUT,

5 5 7= #E1E ) S Bond Orientational Order (BOO) Parameter * % 315 L 7=, 15 V7= #at» HAEK L=
t A N7 A% Fig. 1 |29, BOO Parameter qo \Z{FEH 32 &, MEIEE MK T T 212200 T/hE 72 g6
DOHEEIT D72 720 KRERR qo DJRF I D[ 23 A Hiiz, q6 135258 BaF, D Ba ¥k DJiL
FEANC BT D, H T ATHEEE TS i
B3 2 & &, Fhidbcim i S 2 ek L Ot il
ENERTHEEZOND, ZOROEY|IOR
FEEKBELTWA ETHE, =T U A 2000
RiC, 20k 5 2R IEORRFHEE N TEHD 1800
LORFERALEREST D Z LR END, v
Ralb—v a3y ki3 0.01 Kps BRE (=100 K/s)
NRARTHY . BERIITIIT L RAEHTH-T
H~10P K FRETHDHND LY LRI g i a
HLTWAEBZDBND, 20X etk
BRI E L CnWH EEZBND,

£ 3CHK ¢ [1] K. Shinozaki,et al., ACS Appl

Cooring rate

Nano Mater. 2022;5(3):4281-4292. [2] C. Chen, 01 02 03 04 05 06

Bond orientation order gg

S.P. Ong, Nat Comput Sci 2, 718-728 (2022). [3] S.

Takamoto, et al. Nat Commun 13, 2991 (2022). [4] Fig. 1. Bond orientational order parameter in
S. Auer, D. Frenkel, J Chem Phys, 120, 3015 the glass structure obtained by classical MD.
(2004). The total particle number is 108800.
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NAALV—TY ISV ABRAVRATLICE DA S RILHBEORE :
Na;0-R0-Si0, RAD Zr0: S L U b A BMOEE
Investigation of the glass forming region by high-throughput micro-melting system:
Effects of ZrO, and fifth component co-doping in the Na,O-RO-SiO; system

HIRITEKRYE, OKE BFE. 7 B4, 50 EX. &5 &7
Tokyo Tech. 1, °Teppei Osawal, Tetsuo Kishil, Kana Tomital, Tetsuji Yano?,

E-mail: osawa.t.ai@m.titech.ac.jp
BES] V7 ALEE A EDOTLEERB N DB CTHY | 7B OUEEiRE, mHEEE R &0
NG A—=BNZ Lo THRRLIMMEER DT, REMICEROMEAEDENEESND, 5%, T T
AMBEO AREME A TER LT 72010, TR T ZA DA A—T > NERR » BMIEN LB L 72 5,
Fox X, T AMEOBIFIEE 2 TIEANINET D 72012, H T AER) SR TE2BM/NFA X T
—fELTITHY 2 & T, ERFETEHEO T 7 A 2T b~ 4 7 nimk@ikORE 2 ED TN D,
AWTETIE, vV r— RN T RO T ZrO, DVEFREE DS @\ O LR A PRFR LT, ZrO 13 b 17 Z A
DA BT AN AR 2 ) E S B DR E L THBNTWEN, — i TEOWHEELRe Zr0o;
DR FEDOREERTEIIEI 52002725 TR, Fe A 1T TV E TIZ, 0~20mol% ZrO: i1 R20-Ca0-SiO:
F(R=Na, K)%DFAMMBRIFAMRZERL L, 7~ 00t L OV XHRRINEHIREE (XAFS: X-ray Absorption
Fine Structure) JAIEEZ1TH Z & T, ZrO, O VRO BEfREZ B M2 Uiz, AWFSETIE Zrox 12
ZCHESEY Db RN L, XV IR#EAMRICOWT Zro &/ V) r— b &ER L, F 75
ZAL AP & RGO BB AT LT,
[EBR] @% OEEEMmIEIZL Y, Na0-Cao-Si0 A<
Naz0-SrO-SiOz 52 (NSS) 72 EDREH 7 A%AER L 7=, 215
. AZLT I R I U R VIERBIEL . B 5
72T Z¥y K% 99 BNEIOH AL LC, HTAAT Y
— L L7-, [EEIC, ZrO2. ZnO, TiOx 72 E Db A
—awER LT, Z0 WAt % T T AR T U —IZthR 228
ZTCIRBLARND ., B%AU-Pt~ A 7 v = WA Lk
L72%%, 1450°CC 2 RFHBVILEE L, | CHn 352 & T
B 2mm ORI R EZ A T2 HR A /ER L 7=,
ZDOEE. ZrOp ITAVEIBEREE 0~27mol%. %5 5 AR b4 0~
45 mol%& 725 X IR LT, RIS S =45kt
DT =R BLOXAFS IEZT- T2, 7~ v atlllE
T, WEDEE & L TR 532nm @ L——% v,
XAFS Jll7E CTl&, SPring-8 @ BL14B2 B — A7 A & HW
T, Zr-KimzFEiEEclE Lz,
[RER] Figl X, FEBIC/ER L7 NSSIZ Zro, & ZnO £ 7=
X TiO: Z LRI U 7= MR ENR T 5, K HAKD AT D
BRI CH Y | HET I E 5 s B LU &,
RN ZrO RN B2 2 L T 5, FAROE AN ZE IR
Bk, ARER O EEH S HEECh D, mE A LD & Zn0
T, ZORNMEICEDL T, 12X Z0EEICL - T, &
BN AT 2008 5 k£ 5, — TiOp TiE, Tio, Hjl
WX AT 2205, HEINCIEW & 72 2B FAET
%o TiO L ZrOp & HAET 5 2 & TH T AUEPHNIEN D &
B2 OND, BT, xR DWW TRk
WAaERL L, 7~ 20 FRIE  XAFS I E DRk R 21 F %,
T 2 bFH EHEEORBRIZOW TR RS, Zr02 Concentration

ZnO concentration

Ti0, concentration

WEE AL T AERHALS /=2 —HTF A7 4—5  Fig.1 Photograph of the composition-graded

A5 AR 1 7 5 A $ L ORI OB RE % substrate of Zr-Zn-NSS(upper), Zr-Ti-NSS
FrbDTh D, (bottom). Transparent (blue) and opaque

samples (red).
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L—H—BHICKIMERTR A BIEST S5 AOEWEEL
Structural changes in copper-bismuth silicate glass induced by laser irradiation
EREX L, ELB2 RKRBEL® (MBS B L AHE WL SR /@23
Nagaoka Univ. Tech. !, AIST?, Osaka Univ., °Manaho Kuroiwa?, Tsuyoshi Honma?, Kenji Shinozaki??
E-mail: honma@mst.nagaokaut.ac.jp

[ 5 |EEAREHIC W T, ER—TEE M ORI E  BREDE D FEIC LD AR LD
MR T S FAE L EAR AT R CThH D, VBT N LTI 7 ADO AL B & fa b CREARE
R LA TEDIEEREL TD, [1] LI —H —FATMEUZ K> TEVLER LD R T E I
EMRE EREME DS TELIELMESNTND, [2]H 2 1ZFRFECABIEDE LS FTREEE X
TEY, WA EE A~ A% @RI E A 3 5CU0-Bi20s-Si02 = il /3 T A% T EMLEE L | T A
BB KL T DN LT A b T T A& ER L . ARSI E LU CORFMEAA BN LIZ[3], #iAF
XTI S ARIMBAZ TR SR A D, ARFIE TITHIE A~ AT AW T T AL — =B Z1T0,
BNJR L2 DA A DOYRFELAMECIREE, B L OMSHROMEIE L ORISR EZH HNI LT,

[ B HEEI AR SIRIEIC £V xCuO-(85-X)Bi203-15Si02 Z ARk L 72, 15 & #L 7z a2 ¥yl L 500°C
T 3 KR ICEVLEE 21T 5 2 & TR b 7 A 257, Bt Lio T 7 2B LUK T 7 A D%
WA Rv, X BRI eSS AT (XAFS)IZ & 0 84 A4 > Oli# 2§ i L 7=, /~> K7 L AT
JEM AR ZAER L, R E— L% A X50um & L, &K 1064 nm O L—HF—% TV ) A%k ¥ F
RV L, EE LD b RE Lz, XMREHEXRD), EAME 1 FMEL(SEM)IZ KL 2 Wl
21TV, CuO DOIRINE & L— W — 7)1 L OERREDOZEIZ L HHEEZE L OB E T~

R EBER] L—W—D )2 3W, EEEE A 500mm/s ([ZFE L S L7 7 A EREZ L
— YR 5 ) & TEESE] o 72 BR oW SEM 8% Fig.1 12789, 3W 500 mm/s C Iy ke g 1%
JEX 37um Thoto, % 12W F THRKIE 2 L EHEREEIIES 141um FTHRLEZ, £
72, CuO DOIRNMNEIEGN, BAERHEOIK T
(Z K-> THIRlEEEEOE S 3R L
Too T AUTK 700 nm ZHER ET 5
CuZ H R ORI 2 A L, B D
PEDIRSEEE DR LT, — 5, #bdmik
W7 ATIE Cus* MR DRI T L
2o TAVFBMLERH OB BATHIZ L0 X
RPN RT 25— T, CuPHTETIT K
STRENMET Lizlzd LELZT D,

[1] H. Yamauchi et al., J. Am. Ceram. Soc.,102,

3 W 500 mm/s

6658 (2019) [2] M. Hiratsuka et al., Int. J. Ceram. Fig.l Cross-section SEM images 20CuO-65Bi,05-15Si0,

Eng. Sci., September, 1-10, 2020.[3]M. Kuroiwa after laser irradiation (3 W 500 mm/s)

etal., J. Solid State Chem., (in press).
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16a-C32-9 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

AXBT1BABEZ L —Y—ER LT
@& F M) LA F o EMOBIEF R FFIEEM

Electrochemical characterization of all-solid-state sodium ion batteries with
laser-printed tin-iron-silicate anode
REBKT OO)tkwk =B, AR R
Nagaoka Univ. Tech. !, OFumitaka Sato?, Tsuyoshi Honmat

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

bR T N Y U LA A BT, RO Y F U LA A0 ZIREM E iR LT, B
DRENE L ZEMEZ ML TR Y | fRFENELSOH H R REMTH D, B EHE
KT~ U T LEMORER B2, B EARERE R OBRFLORRD KD S, A A ARG
WCENT R EmEZERT OV ERD D, BAIXINETIZ, AXBTAWT N LTI AEMmE
LY RS T 0 A EA L, A ERE R R OHE R RO R A 1R U 72 AT
FeTIEH T Ak & BRERE AR D 72 5 2FE KB O BRI 2 35 L7,

555n0-15Na,0-6.75Fe;03-23.25Si0, 7 7 AW & [ERFEME & L T NasZrSiPO12 & 30 wt%ifsii L
RBHZ, RY A L RS v F—L N-AFL-2-v'0 ) RUEMATRAT D2 & TAmAEH 2T
U—ZAER L7z, 27 U —EIREE AW TH B ILIZ ARG 2 7 U —% NasZr,SioPO1, & BEfiE)
#l & LT 60Na0-10Nby0s-30P,05 7 7 A % & e [EARTEME FobR (T8 Am U7z, A0 L 72 alBhT st
L T 1064 nm O L —W—3t % 77 3 W, A E 100 mm/s TG ARSI E 2 1E] Lz,

R BAE LICERE 2 B L2 BHI ) LT L—F — R %2 LTV B RO L —F—REE D
REZE EEEN A 7B L O ARG 27 ALV FHET 2 & R ORE I3
1700°C £ TEHF LTV D Z LVRENT(Fig.l), EAREMEOIRIMIED & RE EF 2T
&, AWAM P OH T AR OVAmEEE
X0 ERERE IR & OB e S
IR LT & B 45T . Wi SEM 184 o
BFBL. 010 pm OES CREAHE L ‘
DEALT RSz, TR Y
LB A ERRIC L, N—T 'L DIRERA
YE—H U AMEEE R LIZE A, E
IRIZH VT 105 Semt A4 — & — DR E FE )3
#5172, NASICON Hutk Df=E 1T 103
ScmiA—HX—Th V., ZOEEDFET

Before

AtfE OEPFUCHRT D LEZ DD, Fig.1 Snapshot of laser irradiation process on glass anode and
temperature distribution of laser spot observed by high-speed

[1] F. Sato, et al., J. Alloys Compd., 947, 169576, camera system.

(2023)
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NIDLS VB VT ABIBH S ADHBETER & BEERDHEE
Correlation of photoelastic and elastic constants of barium lanthanum silicate glasses
BRAREL!, O=iF BX' =Wk &'

Ehime Univ. !, °Ryuta Miyoshi', Akira Saitoh!

E-mail: asaito@ehime-u.ac.jp

AR ns? B A (Sn?t, Pb?, BN EEIREICE A T AWMLY T A1, mIEITEEM
SARERRIE &\ ) SRR A A TS (1], Las LR B, PbO IZEEIC X 2 HHIA A H AL, SnO
& BiOs 1, miRERNH O REUCEISIATET D 0 T A DK HVNTECHEL D [2,3], Ba?
R La*d n? M F A 2 LRIBRICEE LB NORE A TR E2H L (4], B E I
HET LT, BAbEERIC X DHIR, ABSEBEE AT L b TED, BT
% BaO, LayOs & Te BI/KIED 7 A B H T ACEB T, +50 7 2200, BT % Fr oK
HHEMNFER L ~OICHABERTE D, 2 2T HHMAMEE O —>Th M ERIL. 1 4
VIR LR XL X —DFE [S]Th b I D LN, KFHIMNE Th 5 e & E T
R ORMRE ., IHBEHINS T & ZITHEET 54 4 DEFEDE(Atomic F) & A A D
ZE7(Lattice ZhF)D BRI TES [6,7], AR TIE, Z D Atomic 2%, Lattice Zh 0> 5 ns? A F
T2 7V —DIRIEHIEANY T NT B A BT T A OIS E L M ER ORISR EE L L
ns? 7 F A4 U ER A T T 2D DIRIARFTL O FR B U CO IR 2 38R .

BRI xBaO—yLar03~(100-x—y)SiO; (x = 30~
48,y = 0-10 mol%) T, HFJFUE & LT BaCOs, 0.25 -
Lay0s, SiO, & 7z, EXUFN T 1500-1650°C T

L S 020 |
3-5 IpfHvEREl L, SmEeE L < 7 ARk 257, % "x=48,y=5
9 P
feore 2 -
Figure 1 |2, JERRMEERL, MIVER, JEITRNOH T 015 x=36,y=5

HLUERNY AT 2P ABIE T T AL SiO, - A1
. Y
0.10 -

@ Atomic ZhH: & Lattice Zh -0 &2~ d, B ' _ 1 x=0,y=0
IR AR Bl 7 a v b SR DMEBIEIERIC o.:o | 0.|15 | o.lzo | 0.125
INEVIEHIEERE T 5, BaO L LaOs DEAT Atomic effect
BOEIILTH Atomic ZIRIIRES LD LT,
Lattice ZhRD M T 5D, RAFITITVFAL x =
48,y =528V, SiO &[FREDY 7V REf[ L, HHMEELITH1.0X 10712 Pal| L D /hE Wy,

Fig. 1 Relationship between atomic and lattice

effects in xBaO—-yLa203—(100-x)SiO: glasses.

[ 3CHK] [1] Saitoh et al., J. Non-Cryst. Solids 521, 1195261 (2019). [2] Suzuki et al., J. Non-Cryst. Solids 527, 119706
(2020). [3] Hayashi et al., J. Mater. Sci. Mater. Electron. 33, 2242 (2022). [4] Shannon and Fischer, Phys. Rev. B 73, 235111
(2006). [5] Makishima and Mackenzie, J. Non-Cryst. Solids 12, 35 (1973). [6] Mueller, J. Appl. Phys. 6, 179 (1935). [7]

Matusita et al., J. Am. Ceram. Soc. 68, 389 (1985)
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16p-C32-1

XEDHIZ

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

Zr BEBH S ADEERIEIC & 5= HIH

The Surface Color Control of Zr Based Bulk Metal Glass by Low-Pressure Oxidation

BARTKBEIET !, Orbray?

Hirosaki Univ. !, Orbray?,

CEHXRB' B HX' EAHEE B/ 2’

°Taishi Hirai', Takumi Sagi?, Yoshiharu Enta?, Nozomu Togashi?

E-mail: h24msl115@hirosaki-u.ac.jp

Zr BB T ABMG)ILT BN T 7 AMEEE L OREDOUE DT, BULHEZITH Z &

IZ &k o T ZIo ML BN A TR L, R, RifHEOLFHRaMoL s ET 5, F
7o, REAITBLERREO ST L o THEM D F A~ BT D1, AL, 4 F CTERTET
W7o T2 Zr EEBMG D a3V N 7 — A RBLS T D720 R AOILE AR 2 X 51T
BB A Bl L. VR U 72 30Rk 0 Se AR AT & BORERIE 217V BR{Li e & Kk
LRFRIZOWTH ST LT, 72, Zr @R BRI OB I L 528k L b Ik - BER LT,
EBFHE BMG iEHE, Zr55 (ZrssCuzAlioNis) T, 350°C T 125~960 47, 30 Pa DR % T T

ELER U7z, HREE D728 Zr 4 JE HAREUE D 360~540°CC 30 47,
SLER U 7=, ARG R I X S SO S CRUB R R B R, A —T =

2.7X10% Pa DEEFE IR H THEA

Sy ICTES TR

S ARIE L. #5 DIV TTR OIS S E BT 7V TR RZRE L, it Lz,

ERRER 1 X%, 4 Zr55

AMBtOBEET, /5 125 47,

240 473

480 47,

960 s b L7=

R TH D, 480 /3 CHHED a3V F TN —ERE 2R IS 5 Z L N TE e, FRIEEREIOR

B RONERER L, A— =&

SNCRIEN B L NIRRT ESE L EEET VI LD

At

HLEMRTH D, TRTORMBCBNTHE OSBRI HAv, KD 2T e FHMp i O
ZRELICE D THIRTHD Z L dbhoTe, ERBLEMFOREIICE Y, SHa KM annFE
Blexp LWiffshb, YRIXZr &BROWET —4 & Ol HIT), #HimT 25 TETH D,

[1] =W, B, FH B F 71 BUISHEE S EF AN 2024 42 3 A

1 T T T T T T T

§0.8
< 0.6

[&]
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)
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Fig. 1 Photos of Zr55 samples (upper) and reflectance results by experimental measurements and
calculations based on a multiple-layer model (lower).
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16p-C32-2 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

FeSiB R7EILIT7RAEERIZEITS
BFRBERUVRY T —7 EHGOERTR
Theoretical Study on Local Structures and Network Connectivity
in Fe-Si-B Amorphous Alloys
OB KE NEXTA!, Pttt OVt EE', TH SA° Fii #xx"
Oshimane Univ.NEXTA!, NIMS?, ©Ryohei Ikebuchi', Masato Shimono?, Naomi Hirayama®

“E-mail: n.hirayama@riko.shimane-u.ac.jp

Fe-Si-B %7 E/ 7 7 A5 @3EN LRSIt Z R b, RIOE—2 —a 7L L
THIfFESND. — 5T, HFEEGEOBMMIEEIIIRMARI S B, ZOMEOMIE%
PR DI T LV OREIERFE O RD b D, £ 2T, Ha IR TEHRT v
¥ /L O—FETH 5 Gaussian Approximation Potential (GAP)MZ /=2y F8h 53R 24T\,
Fe-Si-B A D HIEEERLF (Short Range Order: SRO) B L ONZDx v b U — 7 #id & fht L7-.

FHECIE, AIHIMEE S L C BCC Fe MMl SIB i 74 7 > & M@ Li=% (2048 Ji1)
Z VY, 2500 K CIal L7- %, MmEEE 1.0x107K/s T 300 K £ Cam L C7 &L 7 7 Al
EUERR L7, 22T, MRS K DD, FeaSisBis & FesSiisBs D 2 DR%E AR L.

Zh o 0EEE A BI% (RDF) & Voronoi Zifi iR Z fiftlr L7 fE A, FBr & 5 — 5P MD 1A
OFER AZHBLL, BOWHERHEZ R L2, K1IRT X912, BIETJE Y o Voronoi Ziki{Ak
RN S, 7L T 7 A54:0 SRO & LCTHIB S trigonal prism A& 1EBe antiprism #1& (Z
LZL, Voronoi $5%%(0,2,8,0) & (0,3,6,0) Ik 9 %) 23fFbilz. T bk, Fe-BfbsnDiiE
LI5@o SRO THDH. —J, SIETEHLY DI Z AH X, Icosahedral #(0,0,12,0)<°% o B
&R\, AT TIE, 2500 K 205 300 K £ TORMBIEICE T 5 2 7 A X O,
7 7 AR A LOFEEHERUICONTHHRET 5.

35 12 7
7 ]
Ny — | 107 7 MWFeSiB_ |
é FLH]SI4B]5 7 ; 817 4 15
- " Z 7 “ Fe_ Si B
s 25 é/ Z Fe"]SI|SB4 = sl ? 2 81715 4 |
E Ll T RLE
£ 9 2 Z 2
E 0 C t 6 7 7! 7
? a 7 % 17
£ 15 g 7 n 7 /
/] = 4 W R
7 A 72 7 W
g n ) a1 1
i ! 7 3 A 7 1
L 78 A 7 Z A 7 A 7
:/' / :: / /1 // // // /i / ///l /)- 7
i ‘ o
LA AR IS

' e W N D
D D (D DD (DD P TSI S S A,
R SRR

B L5 : TP,
S WY e Y @Y & T N T e

Figure 1 : Dominant Voronoi indices of (left) B-centered and (right) Si-centered clusters

[1] Albert P. Bartdk et al., Phys. Rev. Lett. 104, 136403 (2010).
[2] Yuhang J. and Shangke J. et al., Materials 15, 3149 (2022).
[3] P.H. Gaskell, J. Non-Cryst. Sol. 75, 329 (1985).
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16p-C32-3 HOSEHAMELRUFLAMAR WATHR (2024 KR/ LED2RIBETY T 1Y)

AIC TR L 1-2#5 & poly-Si RELT®D
FELIFRVUNAVEDISva50FT7=—)LIC& S#ERAIE
Crystallization of amorphous silicon films by Flash Lamp Annealing
on polycrystalline Si formed by AIC
JLEEESRK  °(M2)Li Baitong, Huynh Thi Cam Tu, X¥ ZE4t

JAIST °Li Baitong, Huynh Thi Cam Tu, Keisuke Ohdaira
E-mail: s2310195@jaist.ac.jp

XU OIT : Kidh Si KBEMIEEWEBIRZ A3 50, BUERHICET 2 =3 L X — ORI 2 E
NTW5, ZHETHA L, ML KARHERS(Cat-CVD) THERE L 72 BTBRAIESE Si (a-SIFEIZ 2
UREDOBREBUELTHDH 7T v a T T =—/W(FLA)EITH Z & THAEML L MR
Si (poly-Si)& 13 DML EAT > TV D08, KRRIRALICEREN & H[1,2], FLA FRZ, HONCOHE
L 72 RRIERFERE B~ D= B4 & U v LR E D Z1UE, poly-Si OfEARIZRHE KA SN D,
Z ZTAEL Al FERER{GAIC)ET a-Si EOfE b+ 5 Z & TR L7 poly-Si J& L TD. a-Si
@ FLA IZ X AfEEALIC DWW TIRE L= D THsE T 5,

FER 71 FEHUTIEL K 20X20 mm? @ Corning EAGLE XG 4 7 A 5 & FiV 7=, #li/k . Semico Clean
56, Mk, =% /7 —/ MUKTH 10 SEOEERTEE %217 > 721% . Cat-CVD T, & MR
240 °C THFE 150 nm © a-Si A2 HERE L, Z 0 FiC, JEE 200 nm O Al A& E L, BEFEHER
T300°C, 10h D7 =—/L%&1TH Z & TAIC poly-Si BB L=, =D LI, FEE 1.2,2.4,4.5 um
® a-Si % Cat-CVD THERE L, F3EHZ 7 L & — MEE 100~500 °C, 7 /L AFRE~21 J/em?, 7L A
IRffH] 7 ms C FLA #1772, FLA %R O#EHL, 7~ ek, XRD, R BMEE TRl 217 - 72,
i B Fig. 11 TS S S HERE L 7= 2.4 pm JE D a-Si l2k19 % FLA % Bifth O Y62 BEMEE G 2 =1,
FLA % DOREHZB W T, BE DL OMEHRD 2 =N R 5, Z OB F b L Tnb
TR END, Fig. 212, FEfES EIC 2.4 um JEO a-Si ZHER LZREHIH L, BAes 7L E
— MEFETFLA 21T 723 Bt D 7 < o A~ h L& I7RT, 300-500 °C D7 L b — h DSAET FLA
ZAT S T2 REHI B W T, AL SiFICH ST 2 520 em ' AHIED B — 7 SRR S v, SiERE L L
TWDZ Enghnb, £7-, FLAIZ K D SiEOBEE R HBEN N & R L2, 2 b OfER
IZ. FLA T® a-Si O icET 5, AIC poly-Si JE& OFfffL g & L COFH M2 RIE3 5,

— 100°C
—— 200°C
— 300°C
— 400°C
— 500°C

Intensity (arb.unit)

400 450 500 550 600

Raman Shift (cm%)
Fig. 1 Optical microscope images of Si films on Fig. 2 Raman spectra of Si films on AIC
AIC poly-Si seed layers before and after FLA. seed layers after FLA.

%% AR ¢ [1] K. Ohdaira et al., J. Appl. Phys. 106, 044907 (2009). [2] K. Ohdaira et al., Jpn. J. Appl.
Phys.49, 04DP04 (2010). [3] S. Gupta et al., Thin Solid Films 516, 850 (2008).
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16p-C32-4 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

PSWART T A2 X DM T ) KT DAERIZ DN T
Generation of fine nanoparticles by pulsed plasma method
RAT /B BBRIZ Ok &L (M2 KRB X2 fEHE R KEH E—!
KYOSEKI SANGYO CO.,LTD!, ©Satoshi Morinagal, Kumamoto University?, Souta Osumi?,
Makoto Tokuda?, Shinichi Yoda?

E-mail: s_morinaga@kyosekisangyo.co.jp

A 10nm LU O~/ ki 2 e B+ By B ETEMMBIZ LY T/ KA~ DOFED &
FoTWD, T/RFOEMT, BN FZT KON RT v THAND 2 BWHT 7 OAERLT
X, BEPNAMTHD, AT, ZNETONET, BRRICE D77 A~ REIC L D IEFIC
SAMME DY) —72F /R DERZ R L L, T/ R FERFFORAT R L F—2 RETH L
THREBEPRE SR ZEEWLNE L, SRIOFRTIE, K2 L HBE E ORRIEICS
WCEEAIIZR N, AT R — DO BIRHT L 7o R 28T 2,

2 Aud®

18 ——150V ——125V
16

14
12
E 10

oN P~

30Hz 60Hz 120Hz 240Hz 480Hz 960Hz
(A&

2% 3K
Weijian Ma et al : https://www.sciencedirect.com/science/article/abs/pii/S0272884220320939?via%3Dihub

© 20245 [CHMIEES 14-015 16.1



16p-C32-5 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

ERANYEIBIRIZESHESFH AgTe DAL

Fabrication of orthorhombic AgTe by room temperature sputtering deposition
LTEET
*(B)X#E KX, BWE £ FEXK BA, HE L%
Sophia Univ.
°Yuta Tsuchihashi, Jun Yamasawa, Keito Tsukamoto, Toshihiro Nakaoka
E-mail: y-tsuchihashi-4c3@eagle.sophia.ac.jp
ECOHIZ FHRRYMER TR AT DB N LA/ TE TO R W EMRITERZ <
HD. HM AgTe ITELTEMEEZ LN TEY, 2021 £F TALHRAEROBREIL 20>
7. X 2021 BT Ag ORI D OEFILHICEES < B dh AgTe DIERE AW L7
[1]. [AI4EIC Kwon & 2NEESALFRONTHIEIZ LV B dh AgTe Z/FRI L, /KFARARSE L LT
OHELEZHRE LT2[2]. AENXHEA Ny X U U FRRIBEIZBIT 5 E i AgTe DERK[3]%
W 5. ERULTFHINTHE & NS R FRA IR T X 5.

130 231,

pa § -
i 111
../

'y

Sonm
Fig. 1 (a)TEM image, electron diffraction patterns on points A to E, and (b)composition obtained by
EDX mapping of a 100 nm thick film, sputter deposited from an AgTe target

FEREEZBE Ag:Te=1:1 OX¥—F v bEHWEZRF~7 R b ANy X2 7280,
Si0/Si Kot FIZEIR A /Ny & U o 72 KD JEF 100 nm O #E#EZ B L7-. TEM, EDX, X
FRIEHTOFER % Fig 1 12T, A, C OEHT/SZ —1XE 7 AgTe, /5B TIIANTdh Ags.
sTes, S E TIE=Jgh Te & L THREMITTX 5. AD I o — ¥ —2 %R L, MklT Ag:
Te=51.8:482 Th-o7=. AgTerx DHKIZBWT, x < 0.62 OLEFIL Ags-sTes + Te 72
DT, AgssTes & Te NELND DITMHEK & FJER V. LLEXY, KAy ZRETIE, BES
mn AgTe fiiEdL, 7E/NLT7 7 A AgTeix, /NTifh AgssTes, —Jiih Te % Gt e AHE R IEAN T RK
ENDZENGhoTz. HEETIIERAT =— 2 LD Te DERE, AgTe KN AgTe, & 4 —7
v hELERRIZOVWTHLBATHTETHD.

L 2 BN

[1] B-H%, 55 82 [HIL W Pk F i 23 [12p-N104-3] (2021)
[2] H.Kwon et al. ACS nano 15, 6540 (2021)

[3] H. Toyoda, et al. Appl. Phys. A 130, 304 (2024)
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16p-C32-6 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

AgTe REBEICH T HEMA A v F 7 & RFRAMIZK SFERERE
Resistance switching in AgTe-based thin films and enhanced nonvolatility by RF wave application
tEET

®ILE £, OLiE BX, BEX BA, TE &%
Sophia Univ.
Jun Yamasawa, Yuta Tuchihashi, Keito Tsukamoto, Toshihiro Nakaoka

E-mail: j-yamasawa@eagle.sophia.ac.jp

XU DT TE, HAEWL AgTe ZH & T 5 Ag-Te ZME, AR & 2B HPL, BOER
frogpE, BVEABRE L W) = — 7 AR FF O OER ZED TV D, Fx T AgTe=1:1
DE—5y NEHWEZRF 7R ANy Z Y o 72 10 pEE L7 BRIV TIRITA A >
F o VBIGE LOVRF FERIINC X2 RfEFEEOm EABRI Lo T, Zhexldd s,

before RF
after RF (8dBm, 60sec)

151

-
o

Current (mA)
[&)]

o

04 -02 00 02 04
Voltage (V)

Fig. 1 Current-voltage characteristics before and after application of RF wave at 8§ dBm for 60seconds.

FERLERE AL, BT AgTe ifidh. TEL T 7 A AgTeix. NJikh AgssTes. — Ji ik Te
Z&ie[1], Fig. 112+0.5V O =AM EHN LI O EFR-BEERM: %2 ~4, SET BE Vser = 0.25
VIZEBEWTERHUREE (Rurs =292.4 Q)72 HARHEHTIRAE Rirs=16.7Q)~AA »F L, RESET &£
Vreser = -0.06 V IZE W TEBIURENAAL v F T A R—=FROEHA A v FEGEPBUHIS N
7oo ARFETIZ 20MHz, 8dBm T 60 0] RF ¥ ZHIMT 2 &, FIINI# RESET /DY Veeser = -0.14
V 220 AEFEMEOR LB S, TR TH D Ag-GeTe DFEF[2]1& b~ RF JEFIMN
(2 &% Veeser OZALTTANTTH U, RF A 7% RF EFHEIZ X 22 b a2 DR al itk g L
TV, #E T, o AgTe MIZBIT D REFHOEEBIZOWTHRNTIHTFETH D,

[1] H. Toyoda, Y. Yin, K. Tsukamoto, T. Nakaoka, Appl. Phys. A 130, 304 (2024).
[2]Y. Yin, C. Uchida, K. Tsukamoto, H. Hayashi, T. Nakaoka, Electron. Lett. 58, 804 (2022).
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As:Ss HSR = Z7AN—DREEAVT 1+ VITRER
Phenomena of photoinduced bending of As>S; bulk glass and fiber
EFRAREL, Ok &

Ehime Univ. !, °Akira Saitoh’

E-mail: asaito@ehime-u.ac.jp

TN AFFA RH T AL, RFIITFREFELN D 16 [EHE (S, Se, Te) ZHKIZEATZHT T 2D
BHTHD [1], TOFTH, RFENR AS; BT ADHFNY KX v v 7 (3~24eV THY, A
TSRS X DR 2 e BB DA STV D [1], —BlE LT, AsSs H T AT A% R
S92 &0 HRREES OREEESRIBOLEFEUZIS U TR T3 2 6B EIRE LB RN E T oD 2],
Fo, AsSs H T RNTHF N R¥ v TS T 5 BRI A B2 & RIS T T

JEITRNTT T AN TR GNCEAT 2 EEETBER R RE SN TVD [3,4], ZbDNH
BT, SCOMED 7 + b R L ERRCONELMRICEZBETH S, B N—7 T

BRITIZ72 > T, AspSs 7 7 A 23— (B 100 pm) (25 LT, BT A &IXFEE R T71079> B G
Y RFY v FITHY T 2 EBEE (K 532mm) 2T E KT 7 A =L 2T TR L
I HT A (JEE 50-100 um) NHERBER 206 L FALCH 92 Z L 28 /L7 [5,6], 2D
L AU il oo A P & 1) 3RO A5 L ERMRE O & THIEITE S [5]. AsiS3 77 A /3—D L
FRUREBLGIT, SRR EE: & eFEE RIS E DS 272 b DT, K Mo 23 L A
th DBREN ) Td D & DA A LT, L Tl & 890 A 5 B b L7 % EBRIICR D T AsS; 7
TAN=NITE L V7 ERES 72 [6],

PLEL AsSs T AT BTN 7 7 A N—IZHF N R Y v FITHY T 5 ERRELE B35 &
R L7208l i s 2 L2 R Uiz, XFREdOBRE) 1 Th 58 by s & g
XLOTEEMNL, —HOAEME CHRESNTHDH ML EFE LR EZH LM LT,

[ 3CHR] [1] N. F. Mott and E. A. Davis, “Electronic Processes in Non-Crystalline Materials”, Clarendon,
Oxford (1979). [2] H. Hisakuni and K. Tanaka, Science 270, 974 (1995). [3] K. Tanaka, “Handbook of
Advanced Electronic and Photonic Materials and Devices”, Academic Press, Burlington (2001). [4] Wada et
al., “Stress-induced and photo-induced birefringences in As;S; glass”, J. Non-Cryst. Solids 600, 1220711
(2023). [5] Saitoh et al., “Photo-induced bending of chalcogenide glass fiber”, Appl. Phys. Express 16,
112002 (2023). [6] Wada et al., “Photo-induced bending of amorphous As,S3 bulk and fiber driven by optical
torque”, J. Mater. Sci.: Mater. Electron. 35, 804 (2024).

[HFE] ABIZEIE, BIREZELI LD E LTEL O OMICE > TRLRETH D, &
L CHREMICEHREH L ET2 D TH S,
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BERR22D 77 TLIT—ILABBEEHNINISF A F NbTes & EDHH
EIEAT)ADIEGH
Phase Change Memory Applications of Low-Melting 2D Van der Waals
Transition-Metal Chalcogenide NbTey
FAEXAIMR, FRIEXI? ELH® BEX' ELXEH° OMN &" K &'° €XE2 THE?
ERRREA 2 MILRE®, 74 VR - R—)L Y, REBEKXE 2 ARETR °, AR "2
Tohoku Univ. (AIMR)!, Tohoku Univ, (Eng)?, AIST?, Keio Univ.*, Tohoku Univ. IMR)® oYi Shuang!’,
Qian Chen'S, Mihyeon Kim?, Yinli Wang?, Yuta Saito?3, Shogo Hatayama3, Paul Fons*, Daisuke Ando?,
Momoji Kubo®, Yuji Sutou'?
“E-mail: shuang.yi.e3@tohoku.ac.jp

Two-dimensional (2D) van der Waals (vdW) transition metal dichalcogenides (TMDs) such as MoTe,,
have garnered significant attention in the realm of nonvolatile memory (NVM) due to their versatile
electrical properties, scalability, and potential for phase manipulation. These materials offer promising
avenues for the development of next-generation memory devices. However, the intricate switching
mechanisms and complex fabrication processes of TMDs pose substantial challenges for large-scale
production, limiting their widespread application. Sputtering has emerged as a viable technique for
fabricating expansive 2D vdW TMDs, offering a potential solution to some of these manufacturing
challenges. Nevertheless, the high melting points (T > 1000 °C) of conventional TMDs necessitate the use
of elevated temperatures to achieve the desired crystalline quality, complicating the fabrication process and
increasing energy consumption. In this study, we turn our focus to low-melting 2D vdW transition metal
tetra-chalcogenides (TMTs), which present a promising alternative. Among these, NbTes stands out as an
ideal candidate due to its exceptionally low melting point of approximately 447 °C (onset temperature). [1]
This significantly lower melting point compared to traditional TMDs facilitates easier processing and lower
energy requirements. Initially, as-deposited NbTes exists in an amorphous phase. Through annealing at
temperatures exceeding 272 °C, this amorphous phase can be transformed into a crystalline state. This
unique combination of a low melting point and a high crystallization temperature (T.) effectively addresses
several critical challenges currently faced by phase-change material (PCM) compounds. Specifically, it
helps mitigate issues related to high reset energies and the poor thermal stability of the amorphous phase,
which are significant obstacles in the development of efficient and reliable PCM devices. [1]
Acknowledgements: This work was supported by JSPS KAKENHI (Grant Nos. 21H05009, 22K20474),
Nippon Sheet Glass Foundation for Materials Science and Engineering (NSG Foundation), EPSON
International Scholarship Foundation and the Fusion Research Funds from WPI-AIMR, Tohoku University.
The authors also acknowledge the financial support from the Commissioned Research (No.03701) of
National Institute of Information and Communications Technology (NICT), JAPAN.
References [1] Y. Shuang, et al, Advanced Materials, 35(39), 2303646.
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Sb—-Se EIEDNFM - BRI H

Optical and electrical properties of Sb-Se thin films
BERARREL CM)EME #i, %k BE
Graduate School of Science and Technology, Gunma University, ©Wataru Sawata, Tamihiro Gotoh

E-mail: T231D037@gunma-u.ac.jp

XTI TFE, a2 Ba—F OB SERIED 70, LA T Y OFFENIERIZ/L -
TW5, tHEEAEY T H AT RO L 7 ZHETITIE, Ge-Sb-Te #X° Ge-Si-As-Te H
REDINAFFA RMEBMMERA SN TS, ZHEDOMEE 2 TR VN7 F A REPEHCAE:
T 5 Z & THARIE O S boiiE = X Fodlk, RS EEEOR ERARAEND, 2O L9k
BEND, Fexld2 RN AT T A FHEO—>ThH D Sb-Se (bEMITEHR Lz, HZAEHEIC
£V Sb-Se HEAERLL, BULIRIZ L 2Ny Ry v 7 BRIEHIE, L F—0
A Zf~T, BJBoncfize s &, ISR O W TR 5,

KB HIEHEEICL D RTA RH T ALY T 7 A 7 HB T Sb-Se Wil (EGL L=, XRF LV
HEBLOMUIE SboasSeoss & AR D Hivfz, R L7z % & & BULERA I L 7= IO LR R - i
A RURFTOWE 21TV, AR « UL - Y7/ S R 7 - AU 2 B LT, S 510
EXURPUROMRERFVEZ JE L, EHE= R L — 2~ T,

FER X1 ICEREIROBERFENOIER LT L=y A7 0y NeoRd, RiRICBIT5E
SHHIRIZ 2.0-6.6X10° Q+m TH Y. ShoSe; DIBED R (4.0X102-1.5X104 Q- m) DV ITH~
REV, 300 °CETOEMLI T, BRIEIEROTHARZLITR OT, DT gliill i
7o AHEDDRDTIEMEAL =RV F — MBS 0.44 eV, WHEIFF 046 eV TH Y, KERZB(LITA
Doz, THORERE S EISHTREMEIZ OV TRETT 5,

1) A. Bosio, G. Foti, S. Pasini, D. Spoltore, energies, 16 (2023) 6862.
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BT W X DB ST — 2 DEBRZERE
Step-height measurement using interferometric microscope on phase change patterns in
amorphous Ge-Sh-Te film
PEMRHE Y, BEB AT ? OB KR!, %k RiE?
NMIJ/AIST. !, Gunma Univ. 2, °’Kentaro SUGAWARA!, Tamihiro GOTOH ?

E-mail: sugawara.k@aist.go.jp

BEAREE D 1 S 7 [ OREIE P B 28R HE 1R <l ST 228, BEFT CIT B Fatic X %
R EEAN 2 B L, R ~OET Y — B R 24T o C& Tz, W OBSEER X, Akh
FTARY Y Ay R EDELREMDREIC, =y F U TR TR =V PRAENTEY, &
Trar TR/ e ARREA-FINTWLIHEELH L, fMiEs LTERED kil & FHiFE
CHMETHR TS, HEHWDBEMTWHEICIT, BEELmE TEARRLIMEING D &, H
TEENDREILRITIZZ DN EOE NS RNT OBEZEL LTHZR> TRXTETLE I D,
FEEFHANC K o TIEAMT 2 T 2 BEEEER IXR CHEN OB SN TWD Z & A FieRM L 725,

7 4 b AT IZPEROEEEINEP N TS FIR E L TEL b TR, Ziudasld
TAFEMREDOBR I 0 LXZ = NHBRSNTEY | BB RBEE Y- EF X
%o 74 MY AT OFEEROTDIZIE, Z0BE (BHE) NOL>ORIERB L2508, JRF
MTBEMEE (AFM) & Hii=7e>y —n & L TNA 5 Z & T, REik & BEMEHZ X 2 BT 0B
kB L CRIMIT 2 ik a B LT T,

Al BHTHEHC L o mEEORRIEE LT, @

MEHHAUIFE U CTh 203, MEIORIREE (i & HaE) |0
DB L - THESND ROTOBE OLRRORAE L
ZAL) IZHOWTEH L, ERABZ oD THET 5,

FRHEHI TS X ATREAR LT « A7 ICBRA S T
% . Ge-Sb-Te ZHFIZA(LAE (GST ) % A\ 7o, HIE XA
T V5 (A1-TD, NMD), i+ =0H <+ (FTS2, Taylor
Hobson), AFM (L-trace, SI) CTH 5, L —HHHIZ L D4
At~ —27 i Lic & 2 A, fbdh & RMEOE N X
5 RBNT OB E~S nm FRE A R THRER DG bie, Eo
VY757 4 —HilEiEH L, MBS Z — 2 DS
DOTFRZEA % A9 5 B 2 380 L7z, Jt2s#kkas g Phase change mark induced by laser heating,

an optical image around the mark (a), with

5{/%% ( HTFo E/I{%) @@ﬁz’z ’fﬁ*ﬁ%ﬂﬁ@l A AEY interferometric fringes (b), measured profiles by

phase-shifting interferometric microscope (PSI)
Y=r3i5 {t. %ﬁ 77k YEESRL B R NS R & LT F and a stylus instrument around the center position
A - of the mark (c). Phase change pattern fabricated
55 using a lithographic technique (d)
o
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Mo-N F B AHRFIRDHELEER
Phase change behavior of Mo-N semiconductor thin film
FALRT Y, ALK T(AIMR)? , C(M2)MSIERAAT 1, B 2, 2R !, Zkth =] 12
Tohoku Univ. (Eng.)!, Tohoku Univ.(AIMR)?, ©(M2)Yusuke Hatooka !, Yi Shuang?, Daisuke ANDO',
Yuji SUTOU"2
E-mail: hatooka.yusuke.p4@dc.tohoku.ac.jp
[#& 5 Introduction]

FHZ{L#TEE (Phase Change Materials : PCM) X, 77 E/L 7 7 A & fESEAHO M TR 72 24k %
IRTMELTH D, FHE{L AE Y (Phase Change Random Access Memory : PCRAM) X PCM % v
T NAATHY, TOBNTMERPOGRIERAEY L LTHEEINLTWD

PCRAM DN Zm & LT, BERENAHEMTH S5720, 3 X F2iAaed < mEHE 2 EH
TEDANEF HbNDH, —H T, PCRAM OFFTE LT, 7ENLT 7 AHERD 720DITIE, MEHE
LR EIZIBA L BT D BN H D120, TR VX —HERNPRE VABRET N5,

Z 2 CUAFZEE TIE, MnTel ™ CINPIZ T U & L7z, A LEENIC Rl 2 LB L L7V PCM
ICEBLTWD, 2D X972 PCM % V72 PCRAM I3, BEFFOD PCRAM (T AR KR 72248 = R LF
—(ERATRETH D, FFIZ Te X° Se &3 £ 720 PCM 1L, BREE~D AR AN S WAL RS 2 E M
PEVETENL TN D, £ 2 TARBIFETIE. Cr LFEKED Mo OZEAMITIER L7z, Mo-N [Tt
FEO@mWa—T 4 U7 E LTHONTWDD, T OB ZEE) 2 FEMIZ A L 72 Bl 72,
LLE X O ARIZETIE, Mo-N DA LEE 2 Hl& T 52 L2 AL T 5,

[ 52%% 75 1% Experimental ]

i M0(99.99%) % —7 v b2 NT No ZHE L7285 RF v 7 R br s ANy &) o ZHEIC X
D Mo-N #fE & ER L7, fERL 72 Mo-N #IfE3, in-situ Tk —Z =N L 5 BB 24T 72
Do, o EE O TRPURER AL JE Lz, 72, IURA 4> B — 24 (Focused Ion Beam:
FIB) ZHWTATY BTN ZAEER U, (ERLUZT S, RE, B AT A =2 =TT 7
AP =2 NN TEEAMEZIT S 2 & T, Eitd)— EEV)FME, BITR)—EEV) L2 RE L.
VR A R TAT L 72,

[#5 5 Results]
b — 2 — MBI L0k 60CHr D 500°C £ TMMEN U THEUR B A 2 JE Lo fi R, IR
(ZFEV Mo-N RO B XHRHUEIIAR T L7e, £/, ERLCT A ZZEERINLIZERO 1—
VHIED S CHIREO A — ¥ — TEikiuikiED S IRIRPUREE~ SRt A A v F o 73R LT,

1) S. Mori, S. Hatayama, Y. Shuang, D. Ando, Y. Sutou, Reversible displacive transformation in MnTe
polymorphic semiconductor, Nat. Commun. 11, 85 (2020)

2)Y. Shuang, S. Mori, T. Yamamoto, S. Hatayama, Y. Song, J. Hong, D. Ando, Y. Sutou, Soret-effect induced

phase-change in chromium nitride semiconductor film, preprint, (2023)
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LY 2R TN-Ge-Te R7EL T 7 RAANAT T A FOIHEE
Thermal stability of TM-Ge-Te amorphous chalcogenide for selector application
BRERRBRARF !, ERW? RiLkE3 OFBTEE ' TR, MLFEE 2 BFEREXS,
74+ R R—!

Keio University!, AIST?, Tohoku University? oKeisuke Hamano!-2, Eisuke Takeuchi!,
Shogo Hatayama?, Yuta Saito3, and Paul Fons!

E-mail: keisuke-hamano@keio.jp

I, NTEIREZR EOREMEIN A EEICEE L TWD, 2t LT, Mibo Rz 4z >
DD ST/ aY—IlROLDF LN ATV HINOBRENREHEEN TS, FHEMAEY
(POM) 1Z, TERDAFERMERA Y 2RET LR AET Y O—2 L LTHAINTED . A A
FY LA R L= VHOBIE AR T D EE DI STV D, PO X7 7 ARA o MO
WA E D M RTINS E D DAL ERR O R BRI HRGLIE 21T 9 A Uy & RSN ETT
IR VLT BN Rk LR TRAEER LT D, PO OFEMERILICIE. AT VMBS TR
<, BBV ZMEIOBBE RO LTINS,

L7 EMBHCHWOND T ENT 7 AV a7 F A R(a—Ch.) 1%, EOEFEEIZHR LT,
BB Z AR 2 5 EBEZEIINL 72 & X ICHRPINAMICED L, EEZ2BRmT5 E&EPucRs &0 )

MEEZA LTS, ZOEBEOIEIIAAL » FERIL, fidbT 5L KkbhTLES D, B
7 HMPEHIZEER Y a2 221 5 BYLERIR E (~400°C) T i b L7272 1 OIREWED R
BNTWD, ZHET, BL7 ZMEHT As R Se & W\ 7= 0 HE AN HEIBIR 217 5 2 & 300
Thole, LoL, TNHOHRITEFREAMD <, PFERIEICRIT 2 Rt TH LD
mme79—T%wmﬁééﬁﬁﬁéﬁﬂ%%w%%fﬁéo%:f%%%ﬁ;%%ﬁ@@@%@
Tra—Ch. IZHH Liz, WMITAVa sy EmEREG ZTERT 52 &ML TN D720, a~Ch. D
MHEVEZ ) B S5 2 LRI TE 5, £D7H, AR TIL, As/Se 7 U —7a& L 7 ZREHEMN
M (R B D Ge-Te RMTEHIRTL T, M Z ¥R L7Z TM-Ge-Te Z/ERIL ., Z DIMEME KL
Lo &R R L7z, ”‘\

ERLS 723 0BHT X BREHTICE D WIFnbTELT 7 A
FHTHDZ LRSI, X112 GeTeg & TM & 12 at. il
U 7= O BRI E R R-T) 2787, &5 okt
it I 5 TR IR DR S Tz, R-T b K&

Resistance (1)

RAMCE R RERGRGRIE T LERL Tl s, [ TMIZa%

™M ZEINT 2 Z LI K> T T 23 64°CHIIN L | HEMED ) 23 50 100 150 200 250 300 350
Temperature (°C)

o Co 4 -Ge— VAR L g

RO DT, BHIX, TWGe-Te DT /A RFFHEIZDONTH 5 9 1. TM-GeTes 11 0 S0

RETOTETH D,

IR AR ATHE
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TLMBDOIEREIZK S PIT ODEEMRER L

Enhancement of Piezoelectric Properties for Layered Structure of PZT and Rubber
BERH ' OKHA EF&k ', BiH #FF!
Railway Technical Research Institute !, °Tatsuya Ota!, Shogo Mamada'
E-mail: ota.tatsuya.34@rtri.or.jp

1. &
JERBMEHZIE, B 2L F— 2 BRI F— AT D EERRN D 5, [EENROF M
e LT, EETITEBEMEI 2B E N OBERE Y 2 —/ZBIT HBEERE L TENT 5 FiER
EDRREINTWD D, JEBMEIZERE L OEHT 256, oL X— (R L) 208
R[REFNX— (BHRE) ~OEWNFETHDHEEEEREH N EARDLND, L, —K
AN EEMERER S W EWbiLDd PZT (FX YV a U fEeh) Th., ki 2@ OBRENI M3 &
A \focﬂ*?jm)ﬁ%%ﬂ SWZENRBRETHD, £ T, AFTILPZT OEEMEREZ M L S¥
HikAE LT, PZT & 3 20 E 2 FEfE S W72 PZT-2 A RO LB MERE 2 -l U 7R B2 W5

Do
2. EBRGE

PZT-Z AFEEIAD PZT (21%, JEE 2mm, [EFE 50mm OHAS (LA 0 IMW
T, PZT #M) &z, PZT-:zAﬁJEﬁx ICFEE X H B I AREHT l-m

Fie HE L7y, ARCIE, A 65°, B 30mm ORI LA 5 ‘f\
X Imm~30mm DOHFIJH TEAL I -EAE DO IIZ OV TR S, - r
PZT-I ARE KOG X 11277, s
PZT-= AFEB RO EBIAE A FMT 2720, M 1 iondikgc B1 PZT-ILREFDH
PZT Wbt 53 i 7 616t U CEIRY a4 8 % 0 2 2 B INIRARBR & 320 U 7=, ShAInIRAER <1
B T B 2 N 2 T BRI RAE L= B & AL E ChRI 2 &2k 0, JTEBOTHER dis zﬁ:jws
Too 72¥. AR TRTERVINIREER OB S X. 1300N=400N, 10Hz DIEZE TH 5,
3. R

nuu

=
gg
AT

PZT-= LAREKICIT 2 RARTLADE S Z2EE Lz 190
DRETLOIEE & dy DBIUREK 21277 = 1000 i

2 LY., PZT-T LFEBIRD day IZRIK T L DL E DB %

2o TAWICEIIN L, LS 2 10mm/B B AL, B
RALZE SETWRWGE LR L Tds 035 4 15 & 0 - -
2o tn, 1272 Ly ZOBOIE S ORI HE D ZEITA S <  mmtaomsemiy
IIFHEIT N TH -T2, 2 PZT-SLIEBIKIZE T BRHK
4. £ TJLDES & ds DR

PZT OJEEMRER L2 HAYE LT, PZT & I AR 2 f)E SEoRER, FE S5 2 5880
JEE OEINAfE > THEBMEREA KM IZM 195 2 & &2 i L7,

(275 3CHK]
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High Efficient Piezoelectric Nanogenerators with TiO2-NFs-Doped P(VDF-TrFE)
Copolymers via Ultrviolet Thermal Annealing
Chang Gung Univ. 1, Chang Gung Memorial Hospital at Linkou 2, Ming Chi Univ. of Tech. 3
Tzu-Chuan Yang?, Tzu-Wei Hsu?, Ting-Han Lin?!, Ming-Chung Wu'?, and Jer-Chyi Wang®23*
E-mail: jewang@mail.cgu.edu.tw
Poly(vinylidene fluoride—trifluoroethylene) (P(VDF-TrFE))-based piezoelectric nanogenerators (PENGS)
have been considered as promising self-powered devices owing to their excellent flexibility, easy
fabrication, and lightweight. P(VDF-TrFE) can form a-, B-, and y-phase crystallinities depending on its
molecular arrangement via thermal annealing, where B-phase displays the best piezoelectric properties due
to the well-aligned C-F bonds. In this study, a novel crystallization process for P(VDF-TrFE) copolymers
was proposed. TiOz-nanofibers (TiO2-NFs) were first doped into P(VDF-TrFE), and then the thermal
annealing was performed with ultrviolet (UV) light exposure to assist dipole alignment (Fig. 1(a)), which
was called ultraviolet thermal annealing (UTA). In Fig. 1(b), the characteristic peaks at 475, 840, 1288, and
1400 cm corresponding to B-phase crystallinity of P(VDF-TrFE) in FTIR spectra were obtained for the
significant enhancement of the sample under the UTA with an UV light exposure at 20 mW/cm? (UTA-20).
In the SEM image (Fig. 1(c)), the needle-like-shaped P(VDF-TrFE) can be observed, confirming the
B-phase crystallinity. For the PENG measurement (Fig. 1(d)), a maximum output voltage of approximately
4 V was observed in the UTA-20 sample. To investigate the power density of PENGs, different load
resistances were in series with the device to measure the output voltage (Fig. 1(e)). The maximum power
density of 35 mW/m? was calculated via the formula of P=V?/R for the sample with a 1-MQ load resistor.
In summary, the TiO2-NFs-doped P(VDF-TrFE) showed a significant enhancement in B-phase formation
for both FTIR and SEM under a 20-mW/cm? UTA treatment and a superior output performance of the

PENGs was demonstrated, providing a brilliant future for the development in self-powered devices.
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Fig. 1. (&) Schematic diagram of UTA treatment. (b) FTIR spectra and (c) SEM image of the
TiO2-NFs-doped P(VDF-TrFE) with UTA treatment. Output performance of (d) PENGs under the UTA at
different UV light power densities and (e) the UTA-20 PENG in series with different load resistances.
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Improvement of OQutput Performance of Triboelectric Nanogenerator
by Adding Ionic Liquid into Polydimethylsiloxane
REARSEET, - DDA F5 & WiE, KT KR, &% #
Tokyo Univ. of Science, °Qingyang Zhou, Yumeng Zhen, Kentaro Kinoshita, Takashi Ikuno

E-mail: tikuno@rs.tus.ac.jp

[f7eE ] b 74 ARE (TENG) o xmL3e3icid, 2 20 OMAEbE 242 5 HE
HoH0, HAGbEAZ—VIIRONTWS[1-3]. KK TIX, MEOMAEGDE ZEE LT R
EAHE 20, TENG o) %[ L322 77E%2 RET 5. TENG MR ZSHIIC = 0 FEICHE T &
Y v — ORMEICEEBMABER S A M ET 2 2 epRMoN TSI 72720, BEEEMIZREO
e & DICHET 2L WOHOBELRED - 7=, COREERERT S0, K)~—WNElzBETcx 3 4
FdrvEREoAL I LIck Y, HEolic X3 REEME L 4 AV EE LN 5 & v o K E
SCH. RWIETIE, A4 VIEOFEY YA F A u Y (PDMS) ~0#lwiAss TENG o Hic
5.z BEEIC O NI,

[5:5%75%] £3°, PDMS & BMIM-TFSI #iR& LAEHAT7 4 VL% §- S
TENG #fhE UCE#IL, Fig. 1 1CR-3 X 51 AlIRENEME L CHE ﬂem

Rl L 7z, RiC, LCR A =& =t 7 m—n"—%ffiLCT7 4 L LD v

A
WRFEREZE L 72, Rkic SEM/EDX ZfifIL, 74 v 20K
& BMIM-TFSI O77£ % e L 72. BMIM-TFSI # #p$ 2 7t 7 » %, Fig 1. Schematiciillustration of the

i % TENG Sefiite Torir L. film a5 TENG material.
[FEfE ) Fig.2 1o/ 9 X 91, PDMS 7 4 A 42 BMIM-TFSI

14

; Ei- T lllIIn] T Illlln] T llllnTl T lllllll .L: 5 C:DU
AT 52 LT, k7 PDMS 7 4 L 40 TENG Otk ¢ 12F o* 448
o] r ]
% 2EICH EE 22 EATES, EDX 25, BMIMTFSI Ol & 0l 8 e ®"355
A F v B - T X D 7 4 A A DEE IR 2 2 & 29RIE é 6; :%&m@%my§2%
éhf: H:';j]‘liﬁEZPﬁJ:Lf:fﬂﬂﬂﬂi, TENG %@ét‘j&: PDMS_;LE{‘ O 48 oo o vl vl 4 1 é
- 0.0001 0.001 0.01 0.1 1
HICEREIN-AERE PDMS KA IC/H X 7 BMIM- BMIM-TFSI content (wt.%)
TFSI DfEA v D BHOMBETH 2 L E2bND. ZOHFL Fig. 2. The output voltage and relative permittivity of
W7 T —F, o4 AFviEeR) ~—wFHL - the films with different content of BMIM-TFSI.

TENG @ & £ I attElofAaG bl s 1, TENG DI HEREZmD 2 2 L3RI N 5.
[1] Q. Zhou, R. Takita, and T. Ikuno, Nanomaterials 13, 832 (2023).

[2] Q. Zhou and T. Ikuno, Jpn. J. Appl. Phys 62, 058001 (2023).

[3] Q. Zhou and T. Ikuno, J. Appl. Phys 63, 01SP01 (2024).
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Energy harvesting clothes based on three-layered textile triboelectric nanogenerator
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JEEF ”@i%/%@&mmm IR E L HEAEIC X o TR = AL F -2 ER T AL

2T DIRBAEET A ZRD—FTH Y, G, a2 b, mOMRE B & ORHE
%%omo%@Mﬂﬁﬁﬁ@%é%i#bt%#xﬂ4»ﬂTmmﬁﬁ%<ﬁ%énfméﬁ
[2]. SMERECHR-CHMT - ARG ICHE B 5, Bl FA ZIREE R L EE R L 3 G ICHE A
B & T, BATELREN - A AHEL L7727 ¥ X X 4 L TENG 2K L 72[3], AW TIX, 7%
A X AV TENG % KARE TENG I L L. BREIED & O FE Al REME % MGk L 72,

AW CHEMA L 727 F 2 &2 4 v TENG 3 EEARE 0 IFEERE o E 1 3RS L Fb. 7
L—7 4 v 7. S AR O OBREICCERIL 2, JPEER. HERCRZNET LY —AFiE
100%., FY T RTL80% + A7 VL X 20%EAREZH 7, TDTFZXX AN TENG & KIKE
TENG ~ & il T4, Fig. 1@)ICRT L S ICKIRB TENG 2R ) 2271 8llavyFLyvavy T
FRER L. SR ARBEZT - 2B TENG-2 ¥ () ’ \
TLyyavyx THOBERICX Y AL 2 AR /
(RuE D BT % BIGE L 72 (Fig. 1(b))s

Clothing-TENG

Wool
Electrode
Wool

Skin

Fig. 2(a)iC £ i3 & O I o0 Je B VR s oo 1 1) B TE $
W R L 7o, B RO & HULO IR 2 b SR e -
A P B
H5HIT LR TE T, Fig. 2(b)Iciifiic X 2kl L - - - -

B{ERFICB U 2 ELEREEZ R L7, ZOHEEDO Fig. 1(a) Photograph of wearable TENG,
B Y — 2 EE B L OEE® RMS fl X V2 L7 (b) schematic working mechanism of TENG.

BT ZNZ I Ppeak =315 uW. Poms = 76.3 uW (R = (;12_ Bending the leftarm  Bending the rightarm ]
2]
10 MQ)TH 57z, T DFERIFKIRI TENG o v = 2°
S ., S =10 M|
7 I TANF A ZORBER~DIGH RN R RS o : R TOWo
0 5 Time (s) 10 15
bDTH %, (b o r . . : . ;
% 30 H
g o -
A RTEO iz, b bRy $Y LR
eo} . . . . L = ]
2 — RIRHER & v 2 — i S i TH G 72, 0 2 Ve 10 12
[1]Z.L. Wang., Mater: Today 20, 74 (2017). Fig. 2 Voltage profiles obtained in
[2] K. R. S. D. Gunawardhana et al., iScience 23, 101360 (a) bending arm, (b) rotating arms

(2020).
[31Y. Umemura et al., The 71" JSAP Spring meeting, 24a-
12B-2 (2024).

at load resistance of 10 MQ.
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A Study on Electrical Characteristics of Self-Assembled Electrets

for SOI- MEMS Vibrational Energy Harvesters
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[FCHIZ #HEA MEMS (Micro Electro Mechanical Systems) BREiiEEI% % 7 (VEH: Vibrational
Energy Harvester) %, /MUt iR O B SLEFROCHSECAIT TEHTH 5[], T4, H44F
FeT N—T71E, BN AR B Ok 27 F L v b (SAE: Self-Assembled Electret)
[2]% T MEMS VEH[3]Z &8 L7z, S 612, ®WET o v A2 @FELTEHT L6 S0 UV =
% Wiz SAE MEMS-VEH DOBAJE 2D TV %, AAFFETIEL, SOI ¥ = NIJERK L 72 12441k
PBIZ A L 72 SAE IZ DWW T, BBRIIRHEDIENT T VA MiFt Lo O THE T 5,

ETILEET SAE MEMS-VEH[3]Cld, AIEMEMIZIER SN/ AL—FR—/LE LT, v1 7
% — At L7z SAE (u-SAE) % [EEBEM I EZE/REEIC L0 T 5, AHFZETIL, u-SAE O
BBV EZBE R EITEI L, Si HR EIZ SAE ZELE L7- 3D 7 (K 1) & atd 5, BEREE
FHi & LT, SOl U = DT S A g 24878 LT gHilit DB AT IOV T, AIRERELZ
7oy Ialb—araE Lz, 72%, SAE i Algs (tris(8-hydroxyquinolinato)aluminum) & L7z,
REBRER Ao vIab—va VTR AREREY I 2 L—F Th 5 COMSOL Multiphysics6.2
EHWE, Y2 b—ya URERO—HEK 2 12T, K2 Tk, Bl & AR o BB A 10 um,
SAE OEA 1 ym & L7z, ¥ a2 lb—3 a3 VOfEE, SAE OREERBEIEN 1.4 mC/m?> D L &
[2]. FFfMfiE OFEN O KAEIL 40.6 V TH - 7=,

BERESHEOBRE SOI %2 AWV FZeiEENTTIC SAE Z R L 72 BB AEEIC W T, iR
BT INNERE Uiz, TET VERGI L, T3 ABOBN A 277 L. SOl %M 7= SAE
MEMS-VEH OEBLUZ\IT 72> 2 b—3 3 VEREIBED B L #1372, 5. SAE OEXIIFHE
IZOWNWT, Y ab—Ta UREREFFHUFER A L, YA MGET 5,

B8 AWFICIL IST A-STEP JPMITR22RS, JSPS BHif# 22H01929, A 2 BHUEEANIRELAF . =
BRPEH RS, R L7 ba SRR ATERIEE . ST RENLA AR SEER ST T T
— (RARA) 2% J7-bDTH D,

SEZXHER [1] H. Toshiyoshi et al., Sci. Technol. Adv. Mater. 20, 124-143 (2019), [2] Y. Tanaka et al., Sci. Rep.
10, 6648 (2020), [3] D. Yamane et al., Appl. Phys. Lett. 119, 254102 (2021)

Evaluation Surface
8 30 pm 5

Fig.1. Simulation model Fig. 2. Potential on evaluation surface
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Annual degradation rates of five PV technologies over 12.5 years
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2050 AR — ARy =2 — NI NVEFEBT HH 6 IRE /X — ARG HZEIEL LT, &b6725
FAFMRET R L X —OBEAJLRPNLE L SN TS, I, KBERTY 2 — /L OHFMmIL 25
FEND 30 FREL SR TWDA, KBEEmE LOECH LN L TRAL LEZ NS,
FEBIERRPR 2 RT3 2 RIMEEMEOFAMIL, KEFEME Y 2 — /L& K ES A7 L THE
L 7e 28 DR EMEEZ RN 7 0 fikseatill L CIT 5 MERH 5,

ABFFECIE, EEBNFRAHIZEAT GERBE) Juil 2 & —12 2010 FFIZE A S vz 5 FEEO KB
BMORMEEMEARET 5720, TNHOREENE 1246 7 Ak L7z, S5z, B4
TR SN REE S OMERZI 72 9725, 2012 4005 2019 F2h T TIEHERBR IR
HERNHIEEZ SV ALY =T 22 Lb—FICLV{ToT, 5 FEOKEEROFELLRIL, B
s U 3 KM, SR ) 3 o KIEML. CIGS KEFHEM., MY o L8 K,
TENAT 7 AV 2 KEFEROIEIZ, 0.0, 0.2, 1.1, 0.6, 1.2%/4FETh-o7= (K1),

PERSAIFILIN 2 o & — Tl A8 CTIA L7z 5 FB O KREGEmOMIZ, 2012 4725 2020 2
B L SN KR A BIRE A L, &5 12 i 26 B0 KGR &2 ket L T 5[1,2],
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Fig. 1. Yearly average PR corrected to 25 °C (PR1=5) of five types of photovoltaic technologies.
(BHEE] Z o RiE, ESZAFFERRFEIE N BT — 1L — -« PEZEHINR A BN (NEDO) DZEFE
EHORMREONTHDTT,
[1] Chiba Y, Ishii T, Sato R, Choi S, Akitomi M, Masuda A. Jpn. J. Appl. Phys. 2023;62:SK1036.
[2] Ishii T, Masuda A. Prog. Photovoltaics Res. Appl. 2017;25:953-67.

© 20245 [CHYEZS 14-037 16.3



20a-C32-2

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

Il /I FEIC Ag /94 VvERE a— b LEBRSI KBBEEN
ELa—IILOEEFESETEDERE
Examination of tolerance to potential-induced degradation for crystalline Si
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¥ v MO %k (potential-induced Fig. 12, PID iEFFEICT 22 Eno

degradation: PID)H S DJRKIX, B/ 3—H T A
oD Na A A DNELEREETCEGELEALN
WIRATDHZ L THD, Na DR AITIEERIC
HAN—=HF AL /VHIZRET LERED D
T CEBG IR S L 5 &
Ziuzxt L, BaARE ORI IER FiZ 2]
v B ) U TETERIEA VP T AE(1TO) % ffE
T 5HZLICkD PID OMIERAEE S TWD
5mo:@ﬁ%?i Ag74yﬁw%W%

ML T ITO D=3 v X ERRIEBMI
D\W%%;ffféﬁ%wmﬁ_@ﬁﬂ
ELBRNWZET NaAFrovLrERmA~DF
V7 bRl S b &2 65, RIFET
m\:@mtﬁ&%é%’ﬁ:xhﬂo%@

2T 5720, Ag 7/ VA ¥ (Ag NW)Z KEE
WEY 2 —NVDBNVEIEMREICA Y a2—

MEICEVREEL . PID #IE RISV TR
L7,

KiGEME LV E IZEIEMICHW =T L
v EERE B = L L E A IR (EVA) O & VI ER H
D 5 1T Ag NW @ IPA 38)i%(0.5 wi%)% 100
ul % F L. [E#5EEE 1000 rpm T 60 s ] A &7
vya—hkLERIZ, 90°CHOFR Y v L— |k E
TOs T ==L, TOBEIENLEEY

2—/MEL=bD &, Ag NW 28 F 780 —fk
B 72 KEGEEMT ¥ 2 — 2BV T, 65°CDF
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© 2024%F [SRYEES

(R 5[],

TV 2 — VOERNRPCE)DHER &2 Rd, —
X727 Y 2 —/L1T PID 3Bk 240 h # D2
hERBPATHE DK 30%FE TETF L TWDH DI
LT, BAFEmIZ AgNW ZAE a— |k
L7258 3B DOR) 70% 2 #iFF L T 5,
F72. 2 BA A — FET L ZHAVTZRRIRRED
E—EE AT L D . Ag NW &2 BV
WA a— b LEEY 2—0iE, — 7
Y a— /LT ﬁ%ﬁw%@ﬁﬁl
F np O & B 72 HPERRIK AR 6T
Wb, np OHERIL, PID &K OB EK D K b v

Mzt LIemaic L b EmESNTE VI3,

Ag NW OBARIZE Y B/LD pn #EANDZEZ
JBIZEBT 5 PID KR O KD &R A HH S i
mEEZLND,

T T T T

* #ﬁ.yi"" 4
. e
= T ey e 4

@ Control \ -

—@— Ag NW on cell surface = e
® - Ag NW on EVA surface 4

© o 9 =
> o ® ©

Normalized PCE

o
o

50 100 150 200 250
Test duration (h)

Fig. 1 Evolution of normalized PCE during PID
test duration.

[1] S. Jonai et al., Proc. 46th IEEE PVSC, 2019, p.
1969.

[2] 3P T, HFFFHS 7158024 75, 2022,

[3] V. Naumann et al., Sol. Energy Mater. Sol.
Cells 120 (2014) 383.
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Influence of Li and Na elements on potential-induced degradation

in crystalline Si photovoltaic modules
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wIEFHESE (PID) Blg &1L, KEGEME
Ca— DT L—hELBNLDORITEL BEME
WZE D EY 2 — LOHEENK T T 5 BLR DHFR
ThHd, BILOREEIZLDHIA D =X LR
720 p ARESL Si BT RIC Na A A1z
XoTvv > i PID (PID-s) BIRNAL %,
LU, Na EHEPEET 2B 26057 L
HVERBITHETHD Li lTDOWTIE, Na FEEIC
fih Si NIZIRAT 2 HDD, PID-s BG4 & /LT
SHRV, 512, Li 2 Na 2 k% PID-s Hi%
AT HZ A&, ZNEE LiHDHWNENa T
BRIV L2 O NaJR & 72 D 3 —
HT7 A& NRNEY 2 —/L TR L, 2],
Z OFFMBIZRIN, =TT A% W%
RE Y 2 — )V THRAET D AW THREET 5,

Table 1 (ZR"T L DI, BARDEED Li, Na
DAV KIS T PERC &L D32 £ 72 135
IEMThHLrF v o E = VILESBE
(EVA) R4 H8EITHR L TS, B
Z 6T 18 DT 2 ¥ D EVA % T Table
LISRTEY 22—V A-G Z/ERILz, £V 2—
JUZHRF LT, IREE 65 °C, FHRHZER 2%, FIN0
TEJE —1000 V DT PID i&BR %217\, PID i&
BRET OMERBZA L 2 Hhig L7z,

Fig. LIRTHRER KD =TT 2% iz
EVa2— /L (EY2—/L A, B) Tl 240 h D PID
BRI L0 WA D 6-7 | F CTEHLH=R (PCE)
DK T2 L7z, EVA % 2 ffiiH9% &, PID
BRI OMERRIKR T REND Z & bREnT,
—J., BVEHE LI THERLEZGES (EV 22—
L C) 1E, BV 2—/L A, B &HAMEREIK T2
EBhd, 20, BAREMIGET D LiL
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HTAHFD NaRNPID-s DEEREEZ HND,

Table 1 Specifications of modules used in this study.

Module | Cover Number of Na between
Lion cell
1D glass | encapsulants | 2 sheets of EVA
A O 1 — —
B O 2 — —
C O 2 — O
D-G — 2 O O
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Fig. 1. Normalized PCE as a function of PID test
duration.

[1]Y. Qin et al., Proc. 34th PVSEC, 2023, p. 1248.
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Figure 1. Appearance, L and JJsc of the

produced samples.

[1] BREEA: 2021 A EEIR N AT AP - RIX
& (fferde) BE2, (2021) 5.

[2] C. Ballif, et al., Nature Energy, 3 (2018) 438.
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ERMCEEMMAFICESIB/RIYIVKBERES 2L
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Effect of high thermal conductive particles on suppression of temperature rise
during the photovoltaic operation of crystalline silicon solar cell modules
R, JLEEkim K, #HBK® OBR E', TH Eh', =F HBHX' B =B,
AE =N BB F°
Gifu Univ. !, JAIST %, Niigata Univ.? °Yasushi Sobajima', Eiko Shimokata', Yuuta Ninomiya',
Koushiro Iwaki!, Keisuke Ohdaira?, Atsushi Masuda®

E-mail: sobajima.yasushi.b2@f.gifu-u.ac.jp

KIGEMTE Y =2 — /VICBIT 2 RIIZEMEIIMR T NS HEHERETH D, T E TICFHRAIT,
25 BAE(SiOx X silicone) |2 BYRENE DV MgO R 1-Z R A L, MgO/SiOx <°> MgO/silicone & L CE
Vo — VIEFICALE L7z o-Si ¥ 2 — /WG AL L, SLEAHEEDOE Y 2 — A WNILE LRI
H U2 BB (Vo) DIK T3l &b = & Z/R L72[1, 2]. F§IZ silicone i L72855121%,
AKEHEMZFEHT27 I 53— MEESRFETHL O — MNEREMERFRTREE oo 72, AP CIE I
FTO 15 x 15 mm> 75 c-Si VRIS Z NS 7-2E Y 2 — L& H L, MgOsilicone (2 X 5 ik
EMEREAT 5B M 7o fEHRR 21T o 7.

HMIEL7Z eSi Y 2 — i E N — T A silicone/p-c-Si  /L(25 x 52 mm?)/MgO i
(MgOsilicone) /EVA//N > 72— N T 4. MgOisilicone 1% MgO K1 (CEEPRIEE 5 um ¢ )% silicone
WIR(E B b LA KE-109E-A/B, 2 MRIBE)ICIRA « B#RH%, BAAEIC X 2 /AT, ok
ZrEA(KRET, 80 O)2R TEMT 5. Jlch/N—4 7 A ElTsilicone, c-Si /L, MgO/silicone
DNEIZHERE L, Zha EVA BEI Oy 7 o — P TERZGAATE R, H2ET I x— (120 CHEIZT
T a— UEEERTER LT, Y 2— YA XX 105 x 70 mm? Thod. EY 2 —LNIBE FRIC
DN, DS (AMLS, 100 mW/em?) (2351 5 BT E %6 3 ReEFRIERF O Voc DZAL R

J:D*Eﬁiﬂbf:[l%]. 0.68
InET/hEmEE LTI MgO/silicone DOBATITIL 0.67 _ MgO/silicone, 7 layer o _
A2 W TR Y, 1 EHY O MgOssilicone HiE 06k . ;VA;)OM3gOOOmg,mI ]
JZILITE SEM G5 60 pm FRETH 7223, L 2 T * MgO 600 mg/mi
0 SEHMEETIRS DI, ~TFICEpMMmICEEL (8 OCE L
2. ZOBE 1 ElHTZ Y ORIEIE 200 pm FRE & 72 Al BRI R A A
ST, KT e-Si BE Y 2 —/iZxt L MgO/silicone R
ZM L72BR D, HEDOERNERD Vo Z{bZ R~ S S S :
AR L 72 et TIRATh O A b L ORI i imadition i

Light irradiation time (min)

CPEVa— LR L. 1 L0, mE . .
KIIZ b MeOfsilicone Afii i & Higg L Cfaroy  Fig: 1: Changes in Voc of e-Si solar cell modules
BT LRI AT 5 Voo DIE iz s o and without MgO particleantxed silicone
1, MgOysilicone 17 & % HBWEAT G ASRERR &7z, o oo @ URCHOn OIS rradiation Hime.

F 72 MgO R HIRABEOHINC X 0 EVERIZ— B 528, 900 mg/ml TIFK T L7z, fkEh
PERE D[] T I 2 BB O TR N BB Cd 1), S O R T-IR AR VRS 1 1 R a7 U
L EZ A, BUETIE MeO/silicone (2 5 HBWERN I3 A FIE & Foie LT 4.2 CREE L /I
HREEL EIZIEEEDAMREZ R L=, UL EX Y, silicone JEEDOB—b, T72bb 14 728UR
SR A REAR 2 = & CHEAIIIEGCdb > T b MeO i TR AT J 2 FWkpert b4 J28 U7

[#EE] AF%21X NEDO OB Y m 75 AL L CEmINE LT-.

(1] B35 fih, 25 70 S APPSR, 17p-A403-2 (2023).

[2] 075 i, 27 84 IS I EE 2R KZ AR =, 20p-DI01-9 (2023).
[3] E. Radziemska, Renewable Energy 28 (2003) 1.
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Performance evaluation of back-contact solar cell modules in curved structures
MRX C&kE M EAN BHTF
Niigata Univ., ©Sho Goto, Sachiko Jonai

E-mail: s-jonai@eng.niigata-u.ac.jp

LI

7 LX)V KBGEHUINER OSBRI T <L IBIAWSEITHE THIET 2 2 &3 T
D, Ny arsg s FREEMIE, BN ERICEN SN TND 2O A < @A)
REALTRY, BET VXU 7 /VKRGEMICEL TWD, +oI0E&NH 0 i TR 5B
ZIE, EANCEET 5 2 & TRRBAIBELND Z LR T0D, LnL, 7LF 7K
BRI I OBER L H B DN S—R ETOMAEZEELTRY . FETHEAT L b
R EDEBELZTROTV, TTATIE RS T A NVLATEY 2 —/bZToTelcd, WFEENT D
EBEBNIIDRNRT K 2D AREERN D D, £ 2 TARIZE T, 2 RESOmEEE Ny 7 a2
7 MRBFEME Y 2 — VTREY A 7 VR ATV, EEO IR F 2~ 7o, £, B
DEILD AEY 2 — L TEOEBEZNL I T IV WIEZITV, BimEEEIZI T 2R OE
WZ kDo ZT A~ T,
KR & bR

PTFE v— NEVA > — hNNy 7 a5 7 N&IVIEVA v — KMPTFE v — hZFgE/@#. 150 CT
FIR— FEITWV, EV2—AEERL, 20T, 2 MEHIEY 2— T, FEHEY 2—
L RTINS 2 FEOMEE Y 2 — VO STHEEAFER Lz, ZhHDEY 2 — Tkt
U CIREEY A 7 VB AT o 7o, A 27 VBT 85°CIZ 30 43T CHIR S, 85°C30 4rf#
Fif%. 90 43777 T-45°CE TR, -45°C T 30 23 fRFFD 1 ¥ 7 )L 3R OFER 21T > 72, 100
AN &I IVELPL JIEIT o 72, 1-V IEDRER % Figurel (2”4, X HACHiRE T 7€
Va— VOMREIK TR —FRE D oto, HEEICB T 2Rl s &2 572012, 4 fKES
FV 2 & 2KES 2 B Y 2 =V EFRL . R AT T, TR DEY 2 —/UIED
HAEZ O L2 B 1V JIEZ1T > 72, Figure2 |2 IHEEIZH T 5 4 HIES O HiE ST &Ry
7 aryy MeNVORRMIBEOEFEZRT, Biime Ny 7 a2 7 s 27820
bHHMFE AR CHE TRRENENBED Lo,

Figurel.l-V measurement results of two serially connected Figure2.Normalize Pmax of I-V measurement

back-contact solar cell modules in curved structure
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Durability of back contact cells with different curvature directions
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1. [ZC®IZ
il B 1E DY FTRE 72 KRG B HLE & = — /L D FEH
{LITRRE ATRE e mfE A N S, K0 £ < D%
HWEAMGOLIENTEDL, ZOLE, EVa—
DT 2 TR I L o TRE RS A
PRICIEWRELD B2 BN D, & 2 TARIFE
TR FmMEE 2Ny 7 arX 7 vk
KIGEME Y 2 — VDM ANE D ZIZ DN T
*ﬁn{f%ﬁ‘o 776

2. FEBHE

K . Ny 7 a2 7 i fEf
L7z, PTFE >*— F/EVA > — K/Si E/VIEVA &
— MPTFE ¥ — h&fEJE7%, 150°CTT I % —
e L TEY2—ub L, Bl s/, th=Ro
REZIIFR CCHRF MBS 2 FEOdh
MEYa—/LaAER L7, ke LT, FHEE
Va—LHIERIL T, Fig LIC/ERIL7=FY =
— IV ERT, TV 2—L@)N T Y 22—,
EFY 2—/bb)iE X FFmINS, (€) 1LY JFmicih
RENT-EEY 2—1LThb, ZNHDOE

uondIp X

X direction

TV a— UKL, 2 iR ER &R
A 7V EEIREIR R 2 A S DR = EA N
R AT o 72, 1 /7 VDERER O Sh 130k
SRS 3sun, BPT85 °C T 1000 BT~ 7=, &
IRE BRI, R 85°C, T 85 %Dt T
AR ATV, IR 1 7 VBRI 85°Cc: 30 4y
T CTHIR S, 85°C30 A fHith. 90 37T
T-45°C & TR, -45°CT 30 \ﬁé#f@ 1 4%4’
7V 3 ORBR AT o 72, 1 bR
BR & iR e i BRIX 500 R 28 IR A 2
JVERERIT 200 YA 2 L 2 L2 I-V,EL,PL HIE &
f1-7=,

3. FEBER
ZHVETIZH & 2 et 2 1000 KEfEIAT
STz, ZORER, HEEY 2 —/1(b),() T Isc
D21 WEKTFLTCWDZ ERfERTE T,
HEY2— L0 yiEES 2 —LDOFNT
A NOL el S T AY R SN S A B RAR
DEEZLND,

Figure 1: Fabricated back-contact solar cell module
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Figure 3: Xenon lightfastness test
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Moisture penetration test of curved crystalline Si solar cell modules

without encapsulant and cover glass

JeBeE S K

(M2) kIR Stfls, ¥R £ KEA, Huynh Thi Cam Tu, K¥FE £t

JAIST, Mitsunori Nagahara, Shuntaro Shimpo, Huynh Thi Cam Tu, Keisuke Ohdaira

E-mail: s2310118@jaist.ac.jp

EENAESISRAPN S 8t -t W {E gz Vil
LTV DR B ARG EE Y 2 — /L0
O CHEFEIC X B Fefk MLy D O o3 3 R
HENTHWD, BATOKRBGEME Y 2 — Vi,
BHEAIC L0 EHA 2 E A S A TR D SrBED
L, RIREM Y A 7 ATERER B D,
Fo, BEIVNE L, FRTRWGATIC R E
ARE7R KB EME Y 2 — VO LRO B
TN Z DD BxlTE M e =TT R
A L7220 S Si(e-Si) KB EME ¥ = — /b
DOBAFICHE D $A TV D[1,2], ATk~ 1%, Al
EER LI 70 7 HRAER L BAKRBR AT
DO THET 2,

Fig. 1IZE LR & T 22 H L7z fdh Si
KGEME Y = — /L OREEZ R, 1RO K
BT Y 2 — LOEBEO K% HH D N
— W T A% @O LA & FeR i 2 5
RY T —ARx— MIEHT 5 2 & TRE(L- il
mbxM 5, S O Vo 7%y Z 7 Tl
ET DT & TREGEMENEZ KRN DR
D,

0-Hi ng Cover (Polycarbonate) Air

I / !
——_
. - )
Base(Polycarbonate) ."x‘

Clamp

Crystalline Si cell with singling connection

Fig. 1 Structure of a c-Si photovoltaic module

without encapsulant and cover-glass.

Fig. 223D 7' U v #—% W TERIL 723K

EEY2a—NE27 70 LT ERT, 7L
—NIZERNZ o TBY 40Dy T Tk
TOiATrZ T OV T ETar MR- %
BEELF, 70y h A A—TEY H—RR— k
ORETVHULEH L, £/, 0V 713
Ja—radrloborffl L, AIEEY
—/LDFEITRID 200 mm, £230 100 mm, #i=R
F48~500 mm T o 72, K73R A DA O Wr
1, RA[HPEREN S — M T T 72, 7 L—»4
WORY H—ARx— N Z TR
ZET ARTHEI AW EIRETDY T T
R]&HE L, KSR AZIIET D0 &
DL EMER LT, EHTIZ Al 7 L — 24
ERWTT 707 L RAKRERZAT - o R
SN THHET D,

100 mm

200 mm

Fig. 2 Clamped prototype encapsulant-less c-Si

photovoltaic module fabricated using a 3D printer

23 30k

[17 S. Shimpo et al., Jpn. J. Appl. Phys. 62, SK1039
(2023).

[2] #rfk fih, 25 71 B H Y2 AT
TR T Ra4E, 24p-12M-19 (2024).

14-045

BETRE (2024 KEAYEEDI2RBEFIVFI1Y)

16.3



20a-C32-9 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

HEEE S E-HIEMZALG L
RS KEEBhEY 21— LT 5MERABROEZE ()
Influence of aging test on curved crystalline Si photovoltaic modules
without encapsulant (11)
FRAIL, RtE3?% #XYES
JEERK Y, FRRA—RoZa—FSILHARELF—S
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Fac. Eng., Niigata Univ.%, Kyocera Corp.?, Okitsumo Inc.3, JAIST 4, IRCNT, Niigata Univ.®
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BUEE & LTV D fEdh Si KBFEMTE Y = — L0 2 28R & LT, BIEMICER Lz en
U DT L EEERICEMZEOGHINRNECTHD Z ENRET LD, ZILDHOREZ AR C X
LEIEM 2 AW WE Y 2 — VO - BARIZEERFETH D, o, TFEREEMOZ iR
JEBR & X 2 72 O ) — (AR KSR (BIPV) 3 EH S CH Y . KB o &M B et
DROOLND, ZOTOBE - fmBEEE 53252 & SHiEME AW RWKEGEREY =
—VOFREEZ I HIZR ETE 5, bR KNOME SNV EBEE LW A 7 PRI
BENEH M ERHW RN ED 2 —V[INiC 7Y 7 (BFER) D'V A Y v 7 2
%2 LT BRI ATIC T D EREMEN R BT D Z E AMERR LTZ[2], SHUE TR, hoN— e X
— AMINTERAE T T A « T 7 v B HWTWZRN, AR TIE D N — « X—=2ff & HIZHRY h—iR
F— MPC)EHWTHIEE « i B E 5 LTV a— Va2 IELTZ, KEV 22— VD& B
HIGTENER LoFEBRERME L, TY 2 — O, B anT, UV RICk3 2 2285 8% -
P L7z, PCH OYeZE#i%, UV 4 Ede gt 500 el L 0 BEE IR T Lc72, £ oM
IER bR LTz,

30X 30 mm? @ p RUELHE S Si KB EME L A2 EEMS— 2 MLV v 7Y o VR L B IR
EROWRNE Y 2 — L EABEEIER Lz, hX— « R=ZAM2i% PC MEFEHALTEY, Y a—
VORFEEITHI3I M TH D, ZOFY 22—/ L CRIRSTIE(DH)ER & IR Y1 7 L(TC)ik
Bk 2 i UMEREA L 2 RREE L7z, E7o, UV JEORINC K 206K T oMk 200, R ¥
LA URHE & UV IRINAIZ PCHICa—T 1 745 2 LIk 2B B b MEE LT,

DH FRBRIC L D KM N T A —2 DE(LZ Fig. 11T s
~9, DH #lk 3000 Fef) ML &, PEREMR T 1 HiFk
L ipolz, £ L7 ba I 2 ABITHHER
BARIT < o 70 TR b D TEETh - T,

a—F 4 7D PCHIL UV AL %aawmoﬁﬁ®
e HRERBRTE © 400 nm 2> 5 600 nm (20T TONE
ROIK TN 5% AMICEIE -7,

AT Y 2 — VBRI AT 6T DD m 080~ o e
ZE.a—T 472k PCHOLLIIE N ATRE R & 0.75]- R
EURIB I T, I
[EETE;';] zﬁﬁ%@i NEDO @igf&:(; D %ﬁ,ﬂj L/f:o 0 300 600 90%_;:;)(&52%(1)?10(();)100 24002700 3000
[1] S. Shimpo et al., Jpn. J. Appl. Phys. 62, SK1039 (2023).

21N. Imai I 3. Appl. Phvs. 62. SK1025 (2023).  Fig. 1 Evolution of normalized photovoltaic
[2IN. Imajo et al., Jpn. J. Appl. Phys. 62, SK1025 (2023) parameters during damp heat test.
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EEHETR Cat-CVD Z{L Si RDOERBRFETHORFTEREME

Damp heat stability of the refractive index of Cat-CVD Si nitride films
formed at a high deposition rate
LEELIER OKFE E£4, Huynh ThiCamTu
JAIST, °Keisuke Ohdaira, Huynh Thi Cam Tu
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B —RRUK SR BEBIPVICEB W T, T Y a— B MEREOALL ST, @i Ertt B
ThHY ., BAREMEAT DB R, RPOBSMEZE CHRE S ELLan &
WRDOEND, Fox i, flfi b5 A HERE (Cat-CVD) CHERE 3 % 224k Si (SINIR D1 B (DH)BR 5% C
DEWEITRLZEMEZEIE L TRV [1], Z0EEE X7 A4 MSi % > 7 L' /IFIAT 585
HIToTWDH[2, BEDHEITIEL, a7 A0 A MNBICBWALE 52700 5 5| SINGESERE D
RO BiIVD, £ 2 TAE, HERGHRE Z & e TIERL L7z SINGIEO JE T 3822 E IOV Tl
BHITH =D THRET D,

Cat-CVD #:1& T, i RS dh Si HAR LIZRIE~100 nm @ SiNg BEOHERE 217 - 72, AR B
%~1800 °C, NHszji&% 20 sccm (Z[EE L, Hy g% 100-450 sccm, SiHa i % 16-25 scem, £
1% 15-60 Pa DR TZAL S, JE 640 nm TOJRHTERN~2.0 & 725 SiNg DO HEREHE %, fx K
~60 nm/min £ TEDTZ, TXTOEMET, v—F 2 —/LTHM L= BIEEEIEEI1X~100 °C T
Bolo, MERL7-3EHE, 85°C, W 85%RH
TDH BB AT, WEHET S F— FET. o] ;

B2 Db D% DH BRBEICIRE LTz, sk ) 7 203 W
2.02 +
YA MY —TREITEEZ | X F(XRR) T w

£ 2.01—_
WA, 7— U BRI RIEFETIR) TR g 200 in) 1
) 3 1.99] (Ref. 21 nm/min) 1
DO e RRE A2 7 L7z, ® 1.98 ] "N—A\‘ 40 nm/min

[ 112, SN BT DH BRI fE 1971 N\r\r\._. :

P A, HERGRIE 2L nmimin TR L7 SiNG el et
DFER D B D 12077 LTV D [L), HERDHE v R e (hf““" 2500 3000
& 60 nm/min £ TEDIZEHET b, IREHERI Fig. 1 Refractive index of Cat-CVD SiNx films
CIRBED &\ E TR EME AR LT3 v, DH  deposited at various deposition rates as a function of
7Bk 2000 h £ T H AT & O AT RE LT O duration

LRI Z BTN D, ZORFIE, &V DH ifE %2 A9 5 SiNg DAEFEVER LD BH7R 59, ~
07 A A FESOBREMHIC b OR1 D LIS NS,

BEE . ABFZEIL. NEDO OZFEFEIC LV FhE L7z,

%3 ik [1] H. T. C. Tu and K. Ohdaira, Jpn. J. Appl. Phys. 63, 01SP25 (2024), [2] H. T. C. Tu et al., Jpn.
J. Appl. Phys. 61, 121002 (2022).
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Dependence of electrical properties of nanocrystalline silicon/silicon oxide composite films on
composition

FRAKBARI, BARBRI? BARFMEES, IRA IRCNTY, ZAKRMHS,
mA &, H BE?, R RR Y, BH Y, FEX GRS % fx
Grad. Sch. Sci. Technol., Niigata Univ.!, Grad. Sch. Engr., Nagoya Univ. 2, InFuS, Nagoya Univ.},
IRCNT, Niigata Univ.*, IMaSS, Nagoya Univ.5, Kaori Takagi', Asaki Arata?,
Yasuyoshi Kurokawa?3,Atsushi Masuda'**, Noritaka Usami?3>, Kazuhiro Gotoh'->*
E-mail: 24c074b@mail.cc.niigata-u.ac.jp

[1zC o]
WA, FEOI LT Y 2 A RER S L7ofSi Y 2 (e-Si) KGRI, 26.0% & V9 E

BN E RN LT2[1], BV U a e (Si0,) (2L 5% v U 7SR oL, 67
L MERE EEEME DT NA AOFEBUCIT CTEHEETH D, Hrldk, /MY 2> (ne-Si)
% SiO, I HL D AT e A& 2245 L. NATURE contact (NAnocrystalline Transport path in Ultra-
thin dielectrics for REinforced passivating contact) & 4115 72[2], % ® NATURE contact O & 5<UFRFE
IFEEOT ) a2 LIRFOHMAR L T 5 2 & THEEAREL B2 5N DM, LRSS B
ZRAFET BT B S 0T\, ARAFZETiE, NATURE contact O &AL AN BB RURFPEIC
5% 58 Bt L,

[F8r71E]

AEHE, 77 A~ KABHERRE T St Ak BIC/ERI L 72, £37, SiHs & CO T A DifiE (f
=[COJ/[CO2]+[SiH4]) Z 7% L T 3 @i 2 HERE L7z, [SiHa] & [CO2liX. Z41Z 4 SiHy & CO, D
METH D, KIZ, nBOKFETELT 7 AU 2 (n-a-Si:H) ZHEFREL721%. 750°C, 30 ZrfH
OEFGLFRIZ L0 | 3 EREE T ne-Si 2L L T NATURE contact & {Ef. L. n-a-Si:H % n B2 5500
v U ay (n-poly-Si) (22 b7, fkIIA—T = FE TN (AES) ICXVEHliL7=, RiEnd
Si HMRETAr Ay Z L, AES T HHWTHIESMEICB N TIBEIEIT o7, £ DR, Auger
BT RLF—X, 0~1700 eV OFIPH CIHA L7z, Al EMAE YR L7-1%, EBit-EE (-V) OH|
ExIToT, EOBIER Z X 1 OF AR E L TR,

[Fh 5 L B

11X, B25BFRE (Co) ITBITD
NATURE contact ® [-V 2~ LT %, AES
DB, fOEIMTEY Co NI L., nc-Si EIZ 200
I3 at%DERENFENTND I ENmho

300

o B1EY, CoDEFICE b, Bty T '0F

MLTWB, T74DH, ne-SiBOBKERED . £ oF

Floky, TOFEMNME T L AEKL 5 E

TWo, ZOEBMEDU T L, NATURE contact “0E o 303 -

N ne-Si BEEDORA LT ENLT 7 ALY - —a Aot

2 ORI O AN H % L7z NATURE contact = — ‘5"2 :wz

DOEFEROEIMC L2 b0 EEZ NS, DI -300 o

A%, NATURE contact # Co % i+ %5 2 & T o A e e R

Z DEKHIFEL B S, T3, ZDOMERE ollagesdi

BT & 5 AIREMED R ST, Figure 1: I-V characteristics of the NATURE
contact with different oxygen concentrations (Co).

(Eira)| The inset represents the schematic of the sample.

AMFFEIL ISPS BHifF % JP20K 15127, JP24K 08243
DA T =6 D TY,
(2% 3R]
[1] A. Richter et al., Nat. Energy 6 (2021) 429-438.
[2] R. Tsubata et al., ACS Appl. Nano Mater. 5 (2022) 1820-1827.
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Investigation of contact resistance of ultrathin nitride Si films with various compositions
JbBEXkIR A OfF#E HEAR, Huynh Thi Cam Tu, K *4
JAIST °Yuhi Ito, Huynh Thi Cam Tu, Keisuke Ohdaira
E-mail: s2310011@jaist.ac.jp

[F5] Fex T, Al KR HERE (Cat-
CVD)VE THERE L 7o fiidiz2 (b Si (SINoIEZ W
7oy v _—3 g a4 7 b (tunnel nitride
passivated contact: TNPCon) % B %% L TW 51,
2], Z#VE TIZ, Nerich 22578 SiN, 2 vV 5
ZEiCEn Ry v R_R—y g BRI ETE
52 E BT ULIZAN3]. MR SiN, IEOA
AZ K DN RE Yy v TOEACRETD -
RREMEIC b B RIFT B NS, £
Z T AR T MRk A 25l S 7o A Si g
DOEEFRIKHUZ DWW TRl 21T - 72,

[F28Br] SimffFEE, & 280 um, KPR 1-5
Qcm @ n & (100)FZ-Si 7 =—/~% 20 mm 4
IZEEPH L7-, RCA Wi, 1 wt%HF #ikIZ 1
SRRIET S Z L TR BRI Z Rk L
7o EDT%., c-Si FEMRZHLHMIT SiNe A Cat-
CVD F ¥ U N—WIZHA L, EAR O il
J& 0-3 nm DO SiN, A4 HERE L 7=, HEFEIRF D
SiH4 Wit % 1-5.5 scem O#FiPH TEL S H, M
ROHEZLT > T2, T D%, K 30nm D n HIE
fa'EL Si(n-a-Si)fE % Cat-CVD CTHEFE L . N 5P
KTD850°C, 1T =—Lickn, Ry
VR—vararyFy NEEH ST, N—
N~ 227 % FHC 1-3mm MO Ti/Ag Bz
REL, BHOWEN 1 ecm 12725 K5Ik %
BERR U7z, A B OB - (-V)RiE % -
BRRTGA—=ETFTITA Y THE LT, B 51
7o fE % ¢ & 1T transmission line model (TLM){%
(2 &0 B PT A SR D72, Table 1 BLN2 1T
SiN, i & n-a-Si B FIPESA: %7~

Table 1 Conditions of SiNx deposition

Tsub Teat Time Pressure  Gas flow rate (sccm)

o) (C)  (s) (Pa) SiH4 NH3

100 1800 0-70 5.0 1-5.5 250

Table 2 Conditions of n-a-Si deposition

Tsub Teat Time Pressure  Gas flow rate (sccm)

[FE5 E22] X 112 SiHg i & 3.0 scem CTHEFE
L 7-EE 2.2 nm @ SiN, % A3 %5 TNPCon U}
O -V JEN S S - HUPUE & TR B A
OB Z RS, B Z AT TV 2 & Tihx
\ZHEPUE A R DA R T D, sk D
BT 4w T 4o IV AN ERT. =
AUE D BT 2GR L2, X 2 12872 % SiHy
P CHLE L 72 SiN %2 A3 %5 TNPCon 70k}
DHEFIRFLD SIN, BARAEMEZ R~ T, 1FIET
TOMBIT I W T BB AR N 5
R B, Z OFRFEE L 0 VW SiN, T
1L b U RABE DR TOIL TV D Z L PIRIE X
N5, £z, MAITE U THEARENZ{L L T
BY ., SiHy fREAKRE WA, B FIFE 2K
LTW5D, FERTIE, Ny _X—T 3 R
BRI OWVWTHET ST ETH D,

50 .

40F
30F

20 4
10F E
0 L 1 L 1 L
0.0 1.0 20 3.0
Distance between electrodes [mm]
Fig. 1 Resistance of a TNPCon sample as a
function of distance between electrodes.

(SiH4: 3.0 sccm, Thickness: 2.2 nm)

Resistance [Q]

g 500

G 400 @ 1.0sccm

E i © 3.0sccm

.g‘ 300 @ 4.4sccm

= E @® 55sccm

'g 200j

B 100F

E IR

OI‘ 1 1 L 4
© 0o 1.0 2.0 3.0

Thickness [nm]
Fig. 2. Contact resistance of TNPCon samples as a
function of SiN thickness.

(%75 i)
[1] H. Song et al., Jpn. J. Appl. Phys. 57, 08RB03
(2018), [2] Y. Wen et al., Jpn. J. Appl. Phys. 60,

(0 (O () (Pa) s scoluel - SBBF09 (2021), [3] HHEE A, 5 71 [l
250 1800 175 244 74 5.0 TR FANGES, 252-P05-5 (2024).
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Crystalline Si solar cells featuring TiOx hole/electron contacts
BB, /K2, Oxford Univ.®, $iBXK* OWH 542, RH EF "2 Shona McNab?,
B, % M2, FIEE fEEE2 Ruy Sebastian Bonilla®
AIST!, Nagoya Univ.2, Oxford Univ.%, Niigata Univ.* °Takuya Matsui,"? Shohei Fukaya,'?
Shona McNab,? Hitoshi Sai,! Kazuhiro Gotoh,>* Noritaka Usami,”? Ruy Sebastian Bonilla3
E-mail: t-matsui@aist.go.jp
[1ZTOIZ] EhRkEihs U 2 o KIGEM A ER T 285 & L TR tmEx v %
¥ U TRy o _X—F ¢ a7 | (Carrier Selective Passivating Contact) 7237F H 41T
W2, FxIZINETIC, ALDIETHRIEL 72f{LF % > (TiOx) HIE ST Y 2 B H
FTHY VT ORFELBIWTELHZ 2R L, TIOx DIEFL - a2 M & LTOMRELZRE
fli L C&72[1,2], AENE, fifmT Y 2 U KR OREIZ TIOKZ K LT R—/" k7 U —D
[F—ATEZIE « RO a2 % 7 MCHWE B VOFEGEZ AT, 72, TiO Nl osmEl L L
TIRDEI A= X LIZHOWTHE LT,
[52BR] n-Si HARKDOVEG & 7 v BRIVER 21T > 7214, b e ALD BURERICE A L, EALEIUE
TiOx (TiOx(h)) F72ITEFIEIRNE TIOx (TiOx(e)) % n-Si MDA HEICHIE L7z, T D%, HEikx
PR S, B OREMED TiOx % [F] U ALD & CHRIEL L 72,

Z 2T, TiOxh) & TiOx ()P BIEIZ X7 TTIP & Em?l | Tromsino, |

TDMAT DF 4 > HIBRASUR 2 A L BEEIICIEA L H0 < o) '

B L7-, TiOwh)E TiOx(e) FICZFNZNIEM (ITO/Ag- %meW ]

grid) LB (LIF/AD 2Bk L. BV EER L (Fig. ). 8§ |

n-SU/TIOx REDFMIC 1L X BOEBET 8 (XPS) &MU, § 10 1o :
[ R Fig. 1 IS fER L7 KGO & e S | T L

00 01 02 03 04 05 06 07
Voltage (V)

Fig. 1. Schematic device structure and J-V

T, ftihy U 3 O TiOx ZELiE L 7= KB & i
TECEHN R 178% DT A ZAENER LG LT, BILDFE
HE 2 L 7= n-Si/TiOy(h) & n-Si/TiOx(e) F I 12 DU T
XPS JIEZFB IRV, Si2p a7 LD AT hLE [T
i U 725 5, n-Si/TiO(e)lZ %t L T n-Si/TiOx(h) D &' — 7 ([ &
1359 045 eV IR R L FXF—lcy 7 hLTWD Z EREH
Ehtz (Fig. 2), ZE. n-SUTIO\h)ARHEICNET 5 ED
[ E A B OFIEZ LY n-Si D7 =)L I ARV T T
NX—IZT 7 RLTWD (ThRbLa NG p MIZKERL
TW5) ZEERLTWD, ¥HITALD & XPS A& HIZ
M0 I U7z in-situ M ORE R 2 22 2| TiOx DL AR A b
SLERIZAE D SUTIOx FERRIED ZALIZ DWW Tigam T 5.

[1] T. Matsui et al., ACS Appl. Energy Mater. 5, 12782 (2022).

curve of a symmetrically TiOx contacted Si
solar cell. Double-sided planar n-Si was
used.

s L L s .
105 104 103 102 101 100 99 98 97 96 95
Binding Energy [eV]

Fig. 2. XPS Si 2p spectra measured on n-

© 2024%F [SRYEES

[2] S. Fukaya et al., Jpn. J. Appl. Phys. 62, SK1019 (2023).
(F5F] AWFIEL NEDO ZREDO b & i L7z, XPS
TE (L PERSMF NPF CHME L 7=,

14-050

Si/TiOx(h) (blue) and n-Si/TiOx(e) (red)
samples. Thickness of the TiOx layers is
about 5 nm.
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Perovskite/Si tandem solar cells interconnected through a TiOx thin layer

ERw

OfAt &', Calum McDonald', #& '

AIST °Takuya Matsui, Calum McDonald, Hitoshi Sai

E-mail: t-matsui@aist.go.jp

[FCDIZ] " T2 A b ks Y 2 REGEITEEIERE 2 i LIEH 2D T %,
LinL. # 7 HDRUFEMIIZ EREED DR S, BEE RPEMIC LR TEBME RN L2 D

REL LT X IR 28RS DL, AEl, ZHETRHREL
TE LB REOBR(LT # > (TiOy) HE[1]Z M L C<n
214 b My T RIVEREE ST U= —EEEEST D EE
BAFE L. &7 L KGEmORE 7 v KA X - 72,

[528%] Fig. 1 \S/E L 72 KIGBEMAEE 2777, A b AL O
ERUZIE n-Si(100) &2 L, HEIET & LT 7 AF v ek
Licth, ~TaiERROE a2 7 Nk Lz, =Moo
n-Si RIANZE S Snm D TiOx & ALD TR L, 2Dk, <>
AHA N by FeAERSE (n-ip J&), ITO J&, Ag 7'V v
R, MgF) S5 EJ8 DNEIZ R L 7=,

[f5R] Fig. 2 ICBHE LHH Y 7 LA KIGER L a-
Si:H/c-Si ~7 n#EA#EZ R F A VICHW SR Y T

Fig. 1.

perovskite/Si tandem solar cell made by

Ag

_m

Schematic illustration of a

monolithic interconnection through a TiOx

LAKRGEM O BRBEREL RY, BBS 7 LARYE  thinlayer
T S RN SNy =2 VE, EALEEHE, 20 e e e

iAo @R s TWhWH DI L, #ifly T
LK Tl TiO, D 1 8 DA T_LEEFL D 3 D DOEERE % [F]
BRCH S Z 2R TE D, LovL, BHNT Voc(~1.70 V)i
SR 2 T AR EM(Voc=1.88 V)IZ A~ THZE TRV,
Z OFREMPZ BT TRET LR R, Tiow BRE 2R U
ALD CHUBA[EEZ: TINy B Tx v v 745 Z & T Voc L
B TT75mV i#E L, 2 E TIT 23.9%DE WK (sc=17.7
mA cm?, Voc =1.791 V, FF=0.752, area=1 cm?) & #57-, Z Ui,
SRS T MK R (24.4%) (ZUCECT 25EETH D, AT
JECHHI Lizsdfric kv, EEMERE T Y 2 KEET
(PERC #1%) THW BTV D AlOL = SiNy 72 & Dz <
v U= g Vg B ERE 7R TIOK BICIERAZ D Z LT, &
PERIGE S S U 2 U KEGEM A R b A VAWK R b
VT ARBEMOEBIC SN S Z LRI NS,

[1] T. Matsui et al., ACS Appl. Mater. Interfaces 12, 49777 (2020).

[FHEE] AHFFEIZ NEDO Rt D b & Eiii L 7=,

14-051

-
[&)]
T

5[ — Tiox

Current density (mA cm™)
>

\
\
|
)\
\
|

ia-Si:H/p a-Si:H/n nc-Si:H (ref.)

0
0.0 0.2 04 06 0.8 1.0 1.2 14 1.6 1.8 2.0

Voltage (V)

Fig. 2. Illuminated J-V curves of the
tandem solar cells featuring TiOx
monolayer (red) and i a-S:H/p a-Si:H/n
nc-Si:H triple layers (black) at the top
and bottom cell interface. Solid and
dashed lines represent the J-V curves
measured with forward and backward

scans, respectively.
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Crystal Silicon solar cell whose theoretical energy conversion efficiency is 70%
BT B
Isamu Jonoshita

E-mail: jonoshita_isamu@ybb.ne.jp

RO ) 2 LREKBGEMIZIB W T, ik, BRI LY RO = R F—RIER
& HIBR S A, EBEO TR X =BT H & L0 ZOMHGRIMED 30%RE & RE bk,

LSO T VLR A —IZ L DBEORETIT, nm A7 —/LD R—s_0 (U o F7efill BET
I% Region & FEFR) (2K DMEDIMBRIIZ LD | ZOZRLF—RIEFTIRESKHETELH I %
~ LT,

LhL, 2o 0EEEZLE L XA F—RINR L L, HAEREZm ESETH, 3%
MEIAEWORIIZ LY | HEEDN RITEO T, R e L TREEROH ) 28 (P =1
XV) [ FHlR S, fiRkE LT, =R —ZHHRIT, (90%E Wi D TR0/ —IRINRIC T
L) 40%FEEE /NS> TLED,

FRIZBEORZERNCBITDZ T LE LT = 3 VICBW TR, SEORERICE W T
BELROEHE THH T LB X =N OIHERIC TR LIZHFIEIZODWTHRIT L, ZOHIEICED

A RV AN T0% A F & 72 2 LSRR AT T R NEIZ W TR T 5,

(LR, BROFHFICL Y ZOHECHOWTZOHTIIHAL NI TE EEAN, B85
THIZIFHGE L TH O £9, £, 9HDARERDOERTITHL NI TE T, 22, ThIE L%
M7 LTI BHDEW N2 7ETT,)

conventional p-type layer Clcctr_ons

S~ p-type layer
with Regions

Energy Loss~

n-type layer Band
GAP photon

n-type layer
Band ™. vpeay

GAP

photon T photon Conduction
Y band L

Conduction
band
Groud state
potential of
the Regions

Valence
band

conventional solar cell Region solar cell

Valence
band

EZ PN
jonoshita I, Energy conversion efficiency and its improving methods for “Region”” Solar cell.
Energy Sci Eng. 2024; doi:10.1002/ese3.1817
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SYAVRED/INY YR—Y 3 VIZRIFT PEDOT:PSS DA E DR E
Impact of microstructure of PEDOT:PSS on passivation of silicon interface
BIKRI' AKBRL’ &BXRXME’
oMo #E', R KRS gk ERE', €H FX' ik ®Kb'
Grad. Eng., Nagoya. Inst. Tech.', Grad. Eng., Nagoya Univ. %, InFuS Nagoya Univ.’

°(M1C)Kengo Yamanaka', Yasuyoshi Kurokawa’>, Masashi Kato', Tetsuo Soga', Shinya Kato'
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1. ZC®IZ

fmn s U 2 KBFEMOER Y 7 & 2%, pn 86 E AL a—T 4 7 ORI mEZE - &
Bt 2A2RATH2ENEL  FRUCL Y 7B A X RABIML TS, ThaEEL T,
ABFFE T, pn A EHBIEa—T ¢ v 7 ERIFEZE - RIR T CEMT 572010, RIEFTEO
PEDOT:PSS |ZfE %Y Tz, #E3k® PEDOT:PSS (PHI1000) (& VEEMEA i 2 TV 2503,
PEDOT:PSS Zffi ] L7z Si~7 m4%& (SH)) KEGEMIL, KF(TELT 72U a2l L
ToHER D SHI KBEEM & il U THEREDMER W Z &3 S v Cuvs, PSS I > U =2 U SRS
XL TENTZ Ny =g VIR E RO & W ) TR e NG | Z OWF%E TiX PEDOT:PSS @
PSS G HENVHEF v U T FHmICE 2 DB ETAE LT,
2. EEAEK

“fE¥i0> PEDOT:PSS(PH1000, G1) & PSS iRIC=F L > 7 ) 22— /L& 10%DEIE TRE L,
Z 2T B Triton 202 C. HEE 72 HWT=E, 500 rpm T4Y 24 BRI L7, £k, 7
VRIZ Lo TELIEABRE L2 v U 2> Hofli(n 2, 260~300 pum, 1-5 Q-cm) EIZA BV 22— MEIZ
& - T PEDOT:PSS i LU PSS #fE % B L . u-PCD EZHWTAEF Y VT 74 74 A LD
WExE L,
3. ERBRRUER

Table 1 (2 AEFREI DD H e v U 7 Fan ORERE R A 773, PEDOT:PSS il &4 SLti (2B 5
L TTIATHA LM ELE, £/, PEDOT:PSS DN B2 2% Gl 2 AW =3UEHC, fitko
PHI1000 &V & @Sy o= g UIHIRNELND T &R Do 2Tz, 2 HITKEGEMRE S 0

THREEZIT D,
Table 1. Minority carrier lifetime of bare Si and
Si wafers coated with PEDOT:PSS (PH1000, G1) and only PSS.
Si PH1000 Gl Only PSS
Lifetime (ps) 6.365 333.4 412.6 730.25
4. £&O

PEDOT:PSS H1® PSS Z ¥4/l <& PEDOT:PSS DHfiEEEZ 52 LT, vV arRudx v U7
TATHEA LGNS EDLTENTE,

(B3] PEDOT:PSS IFHEASHEHA Y ~— L0 TR =720 72,

[BE&3X#K] [1]7J. Chen et al. Appl. Phys. Lett. 110 (2017) 083904

© 2024%F [CRAYEER 14-054 16.3



20p-C32-8

© 2024%F [SRYEES

Application of a Machine Learning Method, Random Forest, to the
Deposition Conditions of Doped Amorphous Silicon Films

JAIST. ° (M2) Chenxi Li, Huynh Thi Cam Tu, Keisuke Ohdaira
E-mail: s2310181@jaist.ac.jp

I. Introduction

Hydrogenated amorphous silicon (a-Si:H)
films have been widely applied in the fields of
devices, particularly in solar cells, due to their cost-
effectiveness and ease of large area deposition.
Conventional — methods

require  numerous

experiments to find relationships between
conditions and results, which is not only time-
consuming, but also makes it challenging to find
optimal parameters with the mount of variables
involved [1,2]. The Random Forest (RF) algorithm
in the ORANGE open-source data mining tool is
pioneering research for the prediction of
experimental conditions. The goal of our work is to
achieve high conductivity in a-Si:H [3]. In this study,
we applied RF in ORANGE to the prediction of the
properties of doped a-Si:H deposited by catalytic
chemical vapor deposition (Cat-CVD).
II. Experimental methods

Soda lime glass substrates were cleaned with
acetone and ethanol, and then doped a-Si:H films
were deposited by Cat-CVD under the guidance of
RF and Python programming. This was followed by
vacuum evaporation with Al-coplanar electrodes for
conductivity measurements. Thickness of the doped
a-Si:H films was measured by spectroscopic
ellipsometry using the Tauc-Lorentz model
simulation, and conductivity was measured using a
semiconductor parameter analyzer. The
conductivity model was divided into training and
conjecture processes. To enhance the prediction
model, k-fold cross-validation and Spearman
correlations (SC) were used as validate method and
weights. For training, the database was divided into
10 smaller subsets (k-fold = 10). Each subset was
used once as validation data while the remaining
subsets served as training data. This process was
repeated 10 times. The model achieving a better
mean absolute percentage error (MAPE) was
considered as a test model and the conjecture file
was introduced for prediction. It is important to note

that when predicting the conductivity, the thickness

was predicted by the thickness model and used as a
new feature, requiring the conductivity model to
undergo the training process twice. Additionally, SC
were applied to measure the monotonic relationship,
enhancing the model’s predictive ability. The
predicted values from the test model were compared
with future experimental values to calculate mean
square error (MSE), proving the accuracy of the test
model.

II1. Results and Discussion

1E2 - 1E-3

.!"ff ‘? '
l“”‘" UFTI
_ w?

1E-4

Conductivity (S/cm)

(a) (b)

166 1E6
Condition group count

Fig. 1 Box plots and the prediction lines for the
conductivity of (a) n-a-Si:H and (b) p-a-Si:H.

Figure 1 shows the predicting results of the
conductivity of n- and p-a-Si:H films alongside
their experiment results. For n-a-Si:H, the MSE and
prediction error is around 1.37 and 7.7x10* S/cm
(results > 1x107 S/cm). For p-a-Si:H, the MSE and
prediction error is around 45.06 and 1.3x10* S/cm
(results > 1x10* S/cm). Although the error of p-
type is relatively not ideal, it still demonstrates a
good prediction trend. Using the prediction model,
it is feasible to predict the experimental conditions
for higher conductivity, and this pioneering research
offers significant potential for future improvement.
IV. References
[1]Z. Song et al., Jpn J. Appl. Phys. 61, SB1012 (2022).
2] & RE fih, 2 71 BEISHAYBEFRERY
el S TR, 22p-P03-25 (2024).

[31Y. Xiao et al., WIREs Data Mining and Knowledge
Discovery, 1, 80 (2011).
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IEFLZERE & LT SnOx AL Si KEREMDEEE

Performance of a Si solar cell with a SnOx film as a hole selective layer
JeBESEIRK, °Huynh Thi Cam Tu, XKF =£4¢
JAIST, °Huynh Thi Cam Tu, Keisuke Ohdaira
E-mail: tu-huynh@jaist.ac.jp

K=" RT7V—=DUA RN RX v PRI, RIERICHET A 2 LR WiEr
ThY, BERPIEFITE W], 40 OMBHIWIERE D B N S W e | @RI F—7
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Fig. 1. J-V characteristics of SHJ solar cells with Fig. 2. J-V characteristics of SHJ solar cells with
15-nm-thick SnOy film with different sheet resistances. 15- and 45-nm-thick SnOy film as hole transport
layers.
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Fig. 1 Specific contact resistance at the Fig. 2 (a) VBM of IWO and
Paste/TCO interface. (b)band offset evaluation.
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Figure 1: Raman peak shifts close to the Figure 2: Raman peak shifts away from the
electrode at -40°C, 28°C, and 85°C. electrode at -40°C, 28°C, and 85°C.
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