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Pioneering Research and Development on Super High-efficiency Solar Cells
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Fig. 1. Electron irradiation effects of Si, GaAs and InP
solar cells.
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Fig. 2. Japanese contributions to development of
high-efficincy I11-V 2-junction, 3-junction, concentrator
multi-junction solar cells and 3-junction solar cell modules.
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Ag-In-Ga-S EF v FDFERFFIEHIE & LED ~DIG A
Control of the Photoluminescence Properties of Ag—In-Ga-S Quantum Dots

and Their Applications to LEDs
L2HEXRET CBX A

Nagoya Univ., °Tsukasa Torimoto
E-mail: torimoto@chembio.nagoya-u.ac.jp

#F Ry MI, 8704 R > TR LTOEEFREZ & B BTl e
F X =B~ DS A2 BEE L TERITHFE ST 5, RFiZ, CdSe X° CdTe 72 & — otk
F Ry ME, S RB Y — 2 2R & e bil, TORNAPRRBICL > TENT L b,
&+ N> h LED (QD-LED) OFIE~DOFIANREAA LTS, LnL Cd 7 & Ot
EHEINTEY, LEELERAIEfFcE R, —F, B bid, EOIKESERTEN D
END I-II-VI EEF Ry MCEHR L. OIS RAM 2 R IS 5 2 & TRtk
PEEERTEDHZ L&A U(1-3), AR TIX, FRCIEERERE LTAg L5 IV k&
+ Ry MZOWT, RO b B AN L 23t e— 27 oEdifk & QD-LED ~DJGHIZ D0
TR 5 (4-7),

Ag-In-Ga-S (AIGS) &+ N M, ST 2 &%
WEmEAME A VANT I U RT o FF—
IRAVEER T 300 °C TV 2 Z LIC K IERIL 7
(34), BFoNT-ET Ny ME, KD 5 nm O ERIKEL
FTHY, EOMBIT, FIBMEE L THW&REF
O Ga/ln kA EIELZ LIk vHlE T, AIGS
B Ry FOZRALX—F ¥ v 7 (E) 1%, KLFHFD
Ga ZAFROHNE & 112 2.07 eV 5 2.83 eV IZHIK
L7,

BFoiTe AIGS &1 Ry ME, v —7 730 R
¥ —r LT m— R —7 2R L, £
T, £V EgDKE7R GaSy v = /L ChL {- 2R iHi & #rE —= T
LT AIGS@GaSy =7 > = L& T Rv k A VERLL 72, 400 450 500 550 600 650 700
BORFERS I i, Sy =7y SgEE— V"ta"e'flgthl’ o oGS
7 Q&?)éﬁ%ﬁg o 2O &id, AIGS RIEHNCAFAET Ql%s with S(‘j)ii(f:errin? Gagfrar;tior?s. (Ins:ts;
2 KMGHENLAS GaScHBIZ &> TEHRESIND & L BIC,  photographs of the photoluminescent
1 Ry O bD Type-l D~T v il Lo Tl solutions containing corresponding QDs.
A & IEALD AIGS 2 7 HIZHACIAD b2l Th
%o K 1ICH 722 Galln b A 62 AIGS@GaSy 2 7 ¥ = VBT Ky hORIEALT MrERT, W
THE T v —T N\ RPN BIE I, EOE— 7 HRITRFHO Ga dAFENKREL DI
DL 590 nm 225 446 nm ~EENERICT T R LTc, FRIS, In 2 EERV Ag-Ga-S & Ny MT
446 nm IZfE 72 F AR EZ R L, T ORIEE— 7 ONEMRIX 22 nm & IEF IR D TH o7z,

AIGS@GaSy &1 N v h&3tfg & L, E kg (ZnMgo) & EfLimkfE (TCTA) TH Y KA
v F 9% L TQD-LED Z/F L 72(4-7), WO &ET Ky b &Mz LED . FMEBE IR
1%FEE LRV ODFSE (EL) L, &7 Ry MZHET Ly —T7 7Ny Rty —27 2R L
77

[£&%&3C#k] (1) T. Torimoto, et al., J. Photochem. Photobiol. C-Photochem. Rev. 2023, 54, 100569. (2) T.
Uematsu, et al., NPG Asia Mater. 2018, 10, 713. (3) T. Kameyama, et al., ACS Appl. Mater. Interfaces, 2018, 10,
42844. (4) M. Tozawa et al., ACS Appl. Mater. Interfaces, 2024, 16, 68169. (5) C. Jiang, et al., J. Chem. Phys.

2023, 158, 164708. (6) M. Tozawa, et al., Nanoscale Adv., 2023, 5, 7057. (7) G. Motomura, et al., Adv. Physics
Res., 2024, 3, 2400042.

PL intensity / a.u.
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ZnTe #R—R L L1zECd R I-VIEEDHEBRHREF F vy FEXE
Cd-Free and ZnTe-Based II-VI Compound Semiconductor Quantum Dot Phosphors
RILKSTH! OMMR EA!

Tohoku Univ. !, °Takahisa Omata!

E-mail: takahisa.omata.c2@tohoku.ac.jp

1993 4-|{Z Murray, Norris, Bawendi {2 & ¥ CdSe = 1 A X /L& 7 K v O a[RE A HRE S TLL
K1), mwuA RS Ry MIENIIEE R ORI & BEME)NBIRAT 27 LA ~OJS
MEFLICHERED b TET, Bl Cd BROHND K D122 > TLKE, Cd & £\ 1I-VI
LEHERTIT AR Z W =T & (LBRWZATHE) 728, FEEMITIE InP 22—
A LT D M-VALE YRR THREIED b/, InP &7 Fy MIE, HEEEPEL V.
DAL CdSe IZHE~_E D | SN T2 EOREIZSH D b DOD[23], BUELT 4 A7 LA
B Ry baptik e L TiESh TV D,

FEHDIL InP (P DI Cd FET Py MoK E LT, 3 8RO HI-VL LAY, i
Culn(S,Se), ([ZHU Y #HATZ23[4,5], NWRMED K MaZI L7 EIZ HAVTIZ[6]Z DR AR DT,
RS BASEAE BT XD AgInSy SR TORNEE F-FIGIE[7]. FedT7 DR L Io & pEHd & 2130
DT D, FHOITRIRDME2E 2 59T, GaN,As) TH v MIRoTmFE RNV R¥ v »
THR—=A 7 (QREDNY RX vy TR OENED bR 0 /INS <R 588) 2L
[8]. TNNAEL D ZnTe RiRMFLERICTENE -7 [9], Zn(Te,Se)ds L O Zn(Te,S)iEdE T K~ b
X2 OBENELNTMETH S, IR RS THIUL 72T &S Ry FOBFEIZED A4 0
e EL, ZOMBHIBWEL R Tedr) ERZ L, WHEOENRII U -T2 DN R
¥ v T2 AT MBI TH5[10], FALLENC Y Zn(Te,Se)ifhE+ N v b OWFTEILSH - 72 3[11],
ERANY RXy v TR—A U TPNECHMRICITRVHENTELT, EELTHIENZ %
BERDHE, TOEMLEBITS > ThNbRN, R TIEERANY FF¥ Yy v TR —A 74
U5t & ZnTe & X— A L LIZREET Fy FORRIZOWTE~S[12,13],

[1] C.B. Murray, D. J. Norris and M. G. Bawendi, J. Am. Chem. Soc., 115, 8706—-8715 (1993).

2] S.-Y. Yoon, J.-N. Han, Y.-J. Lee, A. I. Channa, D.-Y. Jo, et al., ACS Energy Lett. 8, 1131-1140 (2023).
3] J. P.Park, J.-J. Lee and S.-W. Kim, Sci. Rep., 2016, 6, 30094.

[4] T. Omata, K. Nose, S. Otsuka-Yao-Matsuo, J. Appl. Phys. 105, 073106 (2009).

[5] H.Nakamura, W. Kato, M. Uehara, K. Nose, T. Omata, et al., Chem. Mater. 18, 3330-3335 (2006).

[6] T.Omata, K. Nose, K. Kurimoto, M. Kita, J. Mater. Chem. C 2, 6867-6872 (2014).

[7] T.Uematsu, K. Wajima, D. K. Sharma, T. Yamamoto, et al., NPG Asia Mater. 10, 713—726 (2018).

[8] W.G. Bi, C. W. Tu, Appl. Phys. Lett. 70, 1608-1610 (1997).

[9] S. Larach, R. E. Shrader, and C. F. Stocker, Phys. Rev. 108, 587-589 (1957).

[10] H. Asano, T. Omata, AIP Adv. 7, 045309 (2017).

[11] C. Li, K. Nishikawa, M. Ando, H. Enomoto, N. Murase, J. Colloid Interface Sci. 321, 468—476 (2008).
[12] H. Asano, S. Tsukuda, M. Kita, S. Fujimoto, T. Omata, ACS Omega 3, 6703—6709 (2018).

[13] R. Matsuo, M. Kita, S. Tsukuda, T. Omata, J. Mater. Chem. C in press (2025).
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A A VXBRIEDB B -0FT 1A U IERERT/ HFD
ERE L UVEREE~DEE
Effects of lon Exchange Reactions on the Morphology and Crystal Structure
of lonic Nanocrystals
RAREBF: OFiL KR!
Kyoto Univ. !, °Masaki Saruyama*

E-mail: saruyama@scl.kyoto-u.ac.jp

A A NEREFR O T RLFIE, FEE - FEFER O A & oJeEREMEA B & L TR IFE S
THEY ., ZORPEIIETHRORMEE TIRE D, Z<DWERIZL > T, —HOA A PR T-
IR DY A X - TR - KRG A REICHE L CTEFERTE D L DI o7, @MHTED
WE ORI DI\, A A AZWSOSIE, A A MRS O A A BB O A F o TEMES D SOG
ThHV ., FZT VRFOHEIFZDE OO TREREEZHEMEIC L > THRMARZHETHETT S Z
EMFRASNTLUURE, Do) 2= 3 U2 REILERTE 2D H 5 T E LT B
HENTVWD[L2], — T TIRIRSCRERIEEIC OV T, FIChF ARl TIERE < TEhE Iz
WT =AU TRAELN D ERENEL 2720, STOMENREDD Z LIXFEA LRI B0, A4
> RIS TR TZ 1T e S TRAROHE i £ THIBHI T & 5 K o 12X, SR E 0%
HMEZRESIRT 2 ZENRTED, TITIE F/RAFOAF 2 BHROEIZHOWNTORERR 2R F
e &bz, FeaNRL LR « /i IE 2 BT 2R B 2T %,

EEAEDH T ARG TIE, KRERT =4 > OFINEIEZ 5 72 DIFHEL= R F—
REWD, T2 & Z BB OFEMEE DR BT FHNCELZ E R Th » THHERMIZ L EL S
53], FNTH A F A B THEMEE N ZAT DTN < DR D> TV D3, AZHaRiE T
BEPRELSEMTLRICEEN., WEEAFOBRHRELEEZOLNTE, Hxld, vy BRET L
— NIRRT CureS T/ KL% Co* CH T A L aHd 5 &, 7 L— MIAT L CoS (ML TE)
L7V vy RIISLH 6 CoeSe (ZEM) L7252 L &2FA L[4, ZAUIRHED T/ KitD [TE
W1 AT H R OFEREEZ RO D Z L AR LIZIZ LD TOBITH 5,

AT R TIEZ S ORHEEZ D57 =F 2 RE ET 2 L0838 TEIUTTIROM fa Ak 1E 23
AT DR D, Fexld, NHECAS T /RIS YA FARAT 4 T REEA
LCET 2 2 & C, M dh CdTe ~& 7 =4 U WP HEIT L, 7 =4 v ZHO@ 1 TERR CdS
F IR IR~T aH A < —k CdSICATe T /KL -3 T % Z & AR L72[6], #biniiEas
Bz X > T CdS/ICdTe IO K& 72487 X A~ v TFNAEL, I A~ v F D720 CdS(001)/CdTe(111)
REPARRANTER SN D720, BEICAT XA v —BERER LT EEZXOND,

[1] A. P. Alivisatos et al. Science, 2004, 306, 1009. [2] M. Saruyama et al. Acc. Chem. Res. 2021, 54, 765.
[3] R. E. Schaak et al. J. Am. Chem. Soc. 2016, 138, 471. [4] M. Saruyama et al. Science, 2021, 373, 332.
[5] M. Saruyama et al. J. Am. Chem. Soc., 2011, 133, 17598.
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R T AHA T fEROERES A Lok & LED W

Organic host dispersion of perovskite nanocrystals and LED applications

TR AR EBEEEMRL Y 2 7 AR TEEZ
Graduate School of Organic Materials Science, Yamagata University, 4-3-16 Jonan,

Yonezawa, Yamagata 992-8510, Japan

narroAa 7 2Ah 4 2 fEREL B O L ROLETICEE R
RMRDFESET N AMEE L CRELRTEHEZED WS, F /Mo RiE%
B RE#E7ILVIOVE T3, ABUBTRICE T 2555 A R D HlFH e IRt 5t
hoEvan A FREn2ERT 2 EcEELREAZRLZL TS, ~H T, 4
LA VIBRALANT v Lo gt O RE 7V X VRN 113, RO E
LRBEERZE TS 5720, BAOEA - EEFHEIHIF S 1, LED o&EEE
M®%ﬁk&%o$%ﬁfi a7 AAA b EREOGEIE, REEEMm, R
AR Y= FXV MK BEALFEREA IS A, BEA R PR E DB
Z M Lf:%ﬂ%ﬂ%ﬁ}zk\ Z3UZ X % LED HEEICE FIZ oW THHNT %
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N TAHA MEF Ry FOXHEE RIS Y VT HFATFTIZR
BIXUONREEMRT A ZA~DIGH
Photophysical Property and Photoexcited Carrier Dynamics of Perovskite

Quantum Dots as well as their Application to Optoelectronic Devices
Qing Shen
shen@pc.uec.ac.jp
The University of Electro-Communications, Japan

Perovskite quantum dots (PQDs) as a new type of colloidal nanocrystals (NCs) have gained
significant attention for both fundamental research and applications of optoelectronic devices
owing to their appealing optoelectronic properties and excellent chemical processability. For their
wide range of potential applications, synthesizing colloidal PQDs with high crystal quality and
stability is of crucial importance. However, like most common QD systems, those reported PQDs
still suffer from a certain density of trapping defects, giving rise to detrimental non-radiative
recombination centers and thus quenching luminescence. In recent years, we have suceeded in
synthesis of phase stable and less defect PQDs, including Pb-based QDs, Sn-Pb alloyed QDs and
Sn-based QDs, as well as Pb-free double PQDs[1-10]. We have demonstrated that a high
photoluminescence quantum yield (PL QY) of close to 100% can be obtained in the Pb-based
PQDs and double PQDs, signifying the achievement of ignorable less trapping defects in these
PQDs [1-10]. Ultrafast kinetic analysis with time-resolved transient absorption spectroscopy
evidences the negligible electron or hole trapping pathways in our PQDs, which explains such a
high quantum efficiency. In addtion, photoexcited hot and cold carrier dynamics as well as charge
extraction were systematically investigated [4,10]. Very recently, through metal doping and Sn
(IV) control [5-8], we found that Sn(IV)-induced defects and distortions could be reduced greatly
in Sn and Sn-Pb PQDs. As a result, stable Sn and Sn-Pb PQDs with ultra long carrier lifetimes
(>180 ns) were realized. In addition, we have achieved efficient near-infrared emission from
highly defective Sn-Pb perovskite QDs with substantially improved PL QY from ~0.3% to 35%
[8]. LED devices based on double PQDs have also been prepared. Our findings provide new
insights into the materials design strategies for improved optoelectronic properties of PQDs [5-
10]. In this talk, our research progress on the synthesis, photophysical properties and photoexcited
carrier dynamics of PQDs as well as their applications to optoelectronic devices will be presented.
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3IRBIEM~ADX ¥ T F—E 2T LA aeHIH
Carrier Doping and Control of Optical Functionality for Ternary Sulfides
REBZRIAUT47H L RREEXTRERMX €2 9E - HRTREE°
OfR XL K+ BZ2 TH Fi'2 @ FH2S
MSL, Science Tokyo !, MDXES, Science Tokyo?, NIMS 3
°Kota Hanzawa?, Takayuki Nagai?, Hidenori Hiramatsu®?, Hideo Hosono?3
E-mail: hanzawa.k.aa@m.titech.ac.jp

A A — FROKBGEMAR & DOFEIRT S 220%, 8 L2 R TR - WL 2 86
BIRHWSN DM, L0 @R EERER SN TV T2, FE OB AATHIL T
Do Fx DRI N—T"ClZ, ZaRHNVayF A Faextgl LT, BRILETFEEET 5
FEROER AT > TN D, THET, & OPEICHRT 53 RO v IRL &IEME
HUEZFIHT 22 LT, BEEBR TR—EL 7 LT WY RIEEENRRETE B X2, EA
7Za T A A NS E RO b AEeTMS; (AE: 7 v U T84 )R, eTM : RS HIER & R)
ICHELTE, 2 LT, nME pHO F— L 7 L ERICE
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