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[1] E. T. Hoke, et al., Chem. Sci. 6, 613-617 (2015). [2] M. C. Brennan, et al., ACS Energy Lett. 3,
204-213 (2018). [3] Z. Chen, et al., Nat. Commun. 12, 2687 (2021).
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Fig.1. The structure of 3PATAT-C3!! Fig.2. J-V curves of PSCs in reverse scan mode

[1] M. A. Truong, T. Funasaki, et.al, J. Am. Chem. Soc. 145, (2023) 7528-7539.
[2] R. Ishikawa, K. Ueno, H. Shirai, Thin Solid Films 679, (2019) 27-34
[3] X. Zheng, Z. Li, Y. Zhang, M. Chen, et al. Nature Energy 8, (2023) 462-472.
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Single Crystals
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Shikai Chen!, Guozheng Shi', Taro Toyoda', Shuzi Hayase! and Qing Shen!
Univ. of Electro-Commun.!

E-mail: liudong2018suzhou@gmail.com

Iodine-doped bromide perovskite single crystals (IBPSCs) have important applications in
optoelectronic field such as solar cells. Currently, much research has aimed to study phase separation
phenomenon and device performance improvements in IBPSCs. However, the important intrinsic
photoexcited carrier dynamics are often overlooked in IBPSCs. Here, we explored the photoexcited
carrier dynamics in typical iodine-doped MAPbBr;3 single crystals using the excitation intensity-
dependent steady-state photoluminescence (PL) and time-resolved photoluminescence (TRPL)
technique. In our experiment, the MAPb(Br«Ix)3 (x=0, 0.10, 0.20, 0.33) single crystals have been
synthesized using inverse temperature crystallization method. We confirmed the doping of iodine
through optical absorption, PL, X-Ray Diffraction (XRD), and X-ray rocking curves measurements.
According to the excitation intensity dependent PL, we found that the trap state density changes
with the amount of doped iodine increasing, which own a similar change trend with the PL decay at
early stage. Further, we noticed that there is an influence of carrier diffusion on the photoexcited
carrier dynamics, and then as shown in Figure 1, we evaluated the carrier diffusion coefficients and
recombination constants via numerical simulations of the PL kinetics [1]. Consequently, we found
that the electron shallow trap-related carrier behaviors substantially impacted the PL kinetics. Our
results greatly facilitate the deeper comprehension of the fundamental characteristics of mixed

halide perovskite material.
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Figure 1. Numerical Simulations of PL decays in
MAPDb(Br«Ix); (x=0.20) single crystal.

[1] Nat Commun 8, 590 (2017).
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Recently, metal halide perovskites (ABX3) have attracted much attention as materials for
optoelectronic devices due to their broad bandgap tunability by composition control and
long optical carrier lifetime. We have previously reported that B-site substituted double-
heterostructure (CsPbBr3/ CsSnBrs/CsPbBr3) are stable for a long time and also construct

a Type-1 Quantum Well. In this study, we fabricated a double heterostructure of CsPbBr3/
CsSnBr3/ CsPbBr3 in the several CsSnBr3 layer thickness and evaluated its compositional
distribution (XPS), crystallinity, optical and luminescence properties.
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Tin halide perovskites (THPs) are promising alternatives to lead-based perovskites due to their lower
toxicity. Among them, all-inorganic CsSnBr3 exhibits high thermal and chemical stability with the bandgap
(~1.8 V) suitable for tandem solar cells with Si [1]. However, solution-processed CsSnBr; thin films often
suffer from oxidation by the dimethyl sulfoxide solvent and poor surface morphology due to the rapid
crystallization. Vapor phase deposition (VPD) offers a solvent-free environment and precise control over the
crystallization process and thickness, making it a more suitable method for the growth of THPs. We have
previously demonstrated VPD of CsSnBr; thin films on glass substrates [2]. However, only island-shaped
polycrystalline thin films can be formed on the amorphous substrates.

In this study, CsSnBrs thin films were grown on the freshly cleaved muscovite mica substrates to
facilitate the epitaxial growth by co-evaporation of SnBr> and CsBr at substrate temperatures of 7su,=30°C
and 300°C. The formation of CsSnBr3 was corroborated by the absorption spectra for both samples [Fig. (a)].
The enhanced absorption of the CsSnBr3 thin film grown at 300°C was attributed to the better crystallinity,
as evidenced by the X-ray diffraction 26/0 patterns [Fig. (b)]. The 30°C sample showed multiple weak
reflection peaks of CsSnBr; with non-perovskite impurities (upper panel), whereas the 300°C sample showed
only CsSnBr; (#40) peaks with comparable intensities to the mica substrate (lower panel). The 300°C sample
was further found to be epitaxial by reciprocal space mapping and atomic force microscopy. The superior
crystallinity of the CsSnBr3 grown at 300°C can be attributed to the higher surface diffusivity of adatoms.
Detailed properties of these CsSnBrs3 thin films will be discussed in the presentation.

[1] B. Li, R. Long, Y. Xia, and Q. Mi, Angew. Chem. Int. Ed. 57, 13154 (2018).
[2] Z. Liu, H. Jung, M. Sotome, and T. Kondo, Jpn. J. Appl. Phys. 63, 02SP23 (2024).
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Figure (a) Absorbance spectra and (b) 2/ & patterns of the CsSnBr3 thin films grown on muscovite mica

substrates with Tsu,=30°C (blue) and 300°C (red).
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Fabrication of inorganic CsPbI:Br perovskite inverted solar cell by vapor phase co-deposition
oD\ B2, RAX KA Baf —E2, i &8 2a% &8 2
IRKTI (School of Eng., Univ. of Tokyo)!, WK%kt (RCAST, Univ. of Tokyo)?, IX
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Recently, perovskite solar cells (SCs) with lead halide perovskite APbX3 (A: monovalent cations, X:
ClL, Br, I) as light-absorbing layers have attracted significant research attentions. All-inorganic
perovskite semiconductors with inorganic A-site cation have been investigated to address the effects
of moisture, oxygen, heat, and UV light [1]. Among the all-inorganic perovskites with robustness to
these environmental factors, CsPbl>Br has a bandgap of E; = 1.9 eV suitable for the tandem-SCs with
silicon SCs [2]. The morphology of the thin film on the previous study [3] suggested that spin coating
is difficult for CsPbl,Br because it crystallizes quickly and forms uneven, hole-filled films. CsPbl,Br
thin film can be fabricated by physical vapor co-deposition (PVD), and it has been shown to have
high-quality (7.7% in its normal structure SC) [4]. However, the optimum growth conditions of PVD
(supply rate and ratio, substrate temperature, annealing treatment etc.) have not been established.
Firstly, we grow CsPbl,Br thin film on glass substrates by co-evaporation of CsBr and Pbl, with
the substrate temperature (7su) kept at 23°C or 100°C (blue and black lines in Figure 1a). The Tsuw, =
100°C sample with 300°C 10 s annealing in dry N> atmosphere after the growth (red line in Figure 1a)
exhibited a higher absorption coefficient, and it was superior to previous reports of spin-coating [3]
and PVD [4]. Then we fabricated inverted perovskite SCs with CsPbl,Br light-absorbing layer (Fig.
1b). SCs with the perovskite thin film (75w = 100°C and w/ post-annealing) showed the power
conversion efficiency of 3.84% (Fig. 1c). In the presentation, we will discuss the optoelectronic
properties of the CsPbLbBr SCs, and its growth condition dependences.
[1] J.S. Niezgoda et al., ACS Energy Lett 2, 1043 (2017). [2] R. J. Sutton et al., Adv. Energy Mater 6,
1502458 (2016). [3] R. Beal et al., J. Phys. Chem. Lett. 7, 746 (2016). [4] Q. Ma et al., J. Phys. Chem.

C 21, 19642 (2017).
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Fig. 1. (a) Absorption spectra of the CsPbI;Br thin films. (b) Schematics of the CsPbI,Br

inverted-structure SC, and (c) its IV characteristics under dark and AM1.5 conditions.
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Organic-inorganic perovskite solar cells with asymmetric diamines (I1I)

-Effect of metal cations-
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~9 PhDA (X NZ MWz q-2D X7 A A MEGWIZEBR L, Pb-Sn iREDX1 7 XA Mt
AR L ISR 2 Bl e R OV e M 2 il L 7z,
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[ 5: L = 22] {EHR L 72 (PhDA)MA;Pb4,Snanlis #ED in-
plane JJE DFE R A X 2 (2779, In-plane XRD HI7E D&,

Figure 1. Structure of PhDA.

400 1 “ Pb:Sn=9:1
Pb:Sn=9 : 1 TIL(110)FERDEHT 14.1°12 Bl Sz, Sn & 200 I |
D VN 15.0°12 7 b L7z, Out-of-plane HIE Tl, P .
PEp=ix pii [t ES 7 MLT ut-of-plane H & Tl 200 Pb Sn 8 5
WPFROMBRIC BN T b 141 BB ST, GIWAXS 2 000 ﬁ! p
= \A‘ﬁ ﬂ
SIS D% AT A NE=1 > | s S T N | \ i —
BIEORER, SN T » 5 ARFIEE R L, Po OZOMEE | ol
THRONZRR B AYEN Sn OFE ANV B{LT 52 0 500 |\ | P
e |HI |
N . ) i e
Dol TS0 s 20 25 a0
[FEE] AAFZEIL, JST BRISADAIEMIJEHEE S Jothng — 201/°
. B e _ Figure 2. In-plane XRD patterns of
Ry =a— b FVEGFBAJE(ALCA-Next) JPMIAN23B2 O 3% (PhDA)MA;Pbs,Snyinlis  spin-
227 0T, coated films (»=10.9, 0.8, and 0.7).
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CsCIRMROTRANA FEBEOEEERO TR DA FKIEERA~DIGH
Fabrication of CsCl-added perovskite thin films and
their application to perovskite solar cells
BEXREL! Rl B!

Saitama Univ. ! “Ryo Ishikawa'

E-mail: ryoishikawa@mail.saitama-u.ac.jp

[FF#&]  Pb-Perovskite A WU (N AT BE- SR~ 771 o N B P b | A 15 C i B L s
ARETHY ., MBS RE R U H 2D 0D, a7 AN A MIBRROAEREE L CTIE N N-U 2
FNABRNLT I ROME)BEREEE L THWHATWSD A, DMF 1330 AR A FER ST
Wb, —J5, 2-A F = H ) —)L(2-ME)?S DMF ([Zb 1R E U CHEH 280 TV B A3 1], it
B2 AL 72 CH(NHL)2PbI3(FAPbL3) % S5 TR E(L S/ 5 CsI X° CsPbls (2 k9 2 IR EE N IEH 12
WSS D, —J5. CsCli 2-ME (2% LT 0.1 M LA EDOEREENSH O | AlEl CsCl Z RN L
T FAPb; XR—A DX 7 A7 A MNERAER L0 TlET 2,
[3Bk] 1TO =—1EMRIZ 1 mg/mL @ PFN {FK(AF /—/V:EEfE 9:1 viv)ZAE T —RL, 2.0Wwt%D
SnO, AR D BAf - INEALIRIC LV E kg A E R L7, 2D LI, FAPbI; @ 2-ME:CHP #&#Z(CsCI=0
~7.5 mol% to Pblo)% 6000 rpm TAE L =—hL T, 150°C, 10 pDT =— /ML Xa T AHA k
IR A Bl L 72 2],
[#EHR] Fig1 lTm7 ABANEED XRD /34— %733, CsClEERMMOE AL 11.8°FH T IZs R
— 7 DVBIIS AL, afflD 145451 D FE—7 DEBES 0.14°L I8, CsCl ZTRINT 5L RDE — 2773 H
KU, affDFEE—IH @A MY 7 UBEHIC CsABIA TN FE2RIEBL TR, -ElED
0.08°LA T L7220l db A ) L7z,

BRI KBEMEROEREED THRETD

3 CsCl [mol%]
TETHD, I ' —l
E 88
[1] Koen H. Hendriks et al, J. Mater. Chem. A ] 1 N , J 1
Z
5, (2017), 2346. z | — 50
= - A | A l e
[2] R. Ishikawa et al, Thin Solid Films
7
679, (2019) 27. ) \
T T T T T 1
10 15 20 25 30 35 40
20 [deg]

Fig. 1 XRD patterns of perovskite thin films
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TrI2M0FAKRIVBAFILT VEZDLENIZELS
FAPblz RO TR N A FKBEHRDATORERE
OM) ARHE XArv2 gk B—S #A Rz’ £0O #Hz' &Lt w2 BN EZ?
Saitama Univ. !, AIST 2, Nihon Univ. 3

E-mail: naoyuki-nishimura@aist.go.jp

N7 AAA hKBEM (PSC) OAEBBh=IL, N7 A A MERIUEOSE & & H12, 2009
ENDBIEICHT ORBRICHE B LTz, 4, VAT 2 V=7 58n3 7k (FAPbly) Z&Te
TG 1L, NS Ry v TRMEZA L, SWERENFEOND 2 &b, 1RO KE?
Rtk 28 2 2 IR E U CHZR D BB HIFFS I TV D, LA L72RA 5 FAPbls Of S E
Ma2m EXE57-010, HEFA 4 (CsH°Br2d) 2T 5 E. FAPbl YW E D/ R
Xy v IBILRLTLEY, BERMEOEKTINEL D, ZOBEZRRT D202, 1A 4T
bHT T INARRUEE BF) 7= o5 MEHIER Lz, ZOMEHEL, 74 F¥y
TN T AHA NHRIE~OWRMAI L L THAFFERDH Y, N2 Ry » T EIRETI,
N T AT A MEROREZETE 5720, FAPbls BRIUBORMAI L LTHE L TWD &5
2 HiLD, —F T, FAPDIs JEWINE I L 72 BFy 22D 2 D WINANT E LB S LT, Th
1%, FAPbls DTERIZMELZRIREED, U A R¥ v v I Xa 7 Ah A MILERBE XY &<, BR
RSB ZERH LIz & IR DOT A KX v v I Xa T AHA F~ORNMDRN LS TL
EFobEHEEIND,

AWFFETIZ, AFAT E=U L (MA) BFs % FAPDIs YEWIE OINA & L TRV V2, MABF;,
% FAPDIs SERIUE ~IINT 2 & | fEfRER 2R 5 721 Tld/e <. FAPbls & 3 v U 7 ik skt
D ~T v FUE TORKMGIZ 2 I T & Z2#F (PCE) "M LETE&LZ LW o6nTLE

(Figure 1), $%IZ. FAPbls & EFEEMEIO R E CTIX, IRINLZEBR BMEHITL. ¥ U7 FT v
THMRINIIRETE DT &2 i Uiz, ABFZEIZ LY . MABFs % FAPDIs JENINUE ~ & I %
Z T, BN Ry TR Z MR L 72 F £ PSC O mitERefkicakZh L7,

24 &30
(a) 22-% e % (b) £ ik
20 - . <
< 18} \E/ZO- —— 0 mol%
EJ/ 16} - _@15 [ [ 1mol%
g 141 P ———
12¢ S 101 10 mol%
10t S 5t
st . 5 e
0O 1 2 5 10 © %.0 02 04 06 08 1.0 1.2
MABF, concentration (mol%) Voltage (V)

Figurel. PV performance of the PSCs with and without MABF4: (a) distribution of the PCE; (b) J-V Curve
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JEk~=wv 725 A4 b (CsHiNH3)2(CHsNH3)Pb:l 7 R D
IRy b7 == X BECAEEICEE 3 385 (1)
A study on orientation control of layered perovskite
(CaH9NH3)2(CH3sNHs3)Pbzl7 thin films by solvent annealing (11)

BEXBEERY ., BEXI?
Gifu Univ.,
*Norimitsu Yoshida

KB &

RN VAN RN Y S Rl DR GE = R W SN = R ¥
A MEIOHTH | I RG R TOREMECEN L JEik
A7 AHA b (CaHoNHs)2(CHsNHs)n-1Pbnlanss (n=1~4)11753
HEEENTNWD, Fxld, o7 2BKGERD > 7 F
IASDIEBADTZHIZ, 206V LN KRERNY KXy v 7
O n=2 OBIRRe T ATA MZOWTHFSEEIT> T
W5, MBS E LTI, SRS T TRIREZIT S 28581
B/ SA L U CHEEET 2 Po-1 JBASEAIZ X L TR A
CHRE L, Fv ) TRENEEFESNTLEHWZ &3
bild, THETICHA T, HERORT = — L 4LEE
R 50°C~135°CTHO I Ny v T =— B2 Blz k- T,
Po-1 JE % HAIZH L CREICHKE S/ Z L 2HmEL
T&E Tz, RBFETIL, BEMPED X 572 2 WED 2 DI
LETFTOYNARY N T =— V5T T,

(C4HeNHs)2(CHsNH3)Pbal7 HEEIZ A B a—F 1 ik
FRWTER LR, g E LT, 3 vkshPol), 75
NT 23 UALKREBEE(CaHuN - HI), AF LT I3y
LRSI (CHSN « HI), ¥ LT NN-2 A F L A
I F(C3H/NO: DMFR) & iz, Z OEHE % INEVEE 80 °C
T 30 HfHHE L%, 10 =B CHRBA L, &
M1 SnO2 (FiERS 16 mm x 16 mm, E & 1.1 mm) &M
7218, Z o BN A 100 pl 5 T L 6000 rpm TAE >
I—F ¢ T EAT D ERIRRZ, FARD D 10 cm OALE DD
ERA AP AR E AT THRIE AT 5 72, 2 D% 455 200
ml @ B —% —WIZ T DMF % W\ CBRIZER 7T 0~20 47 [#]
YNy NT == VIR A AT o T2, HbW THEEE T =
— b VRO ERZIT > T2,

TERL U 73R O BE MM 3 X AR EIHTRIE (0-2015) (2R
S U7z, BrfEid, Ph-1 B ASEAIS KT L CRATICE L
TWbZ & &RT (060) [HANDHDE— 7 OEFERE 1060

LIIE WA B #e S8 X

°Hiroki Oshima, Shoma Kawakami, Yasushi Sobajima,
“E-mail: yoshida.norimitsu.vo@f.gifu-u.ac.jp

(20=135°) & | Po-l B EARICKI L CHREIZKE LTV
T L EIRT(202) EAH DY — 7 DHEFETRE o) (20 =
28.3°) Dt r=lgoy/ losoy THEAM L7,

Figure 1(@)IZEE % D | Fig.1(b)IZ Y L b T =—)b
W% 175 5317 > T2kt X B NS — 2 &R” 7, £
7o B REEL D 2 — B, d o' TR, Fig. Lb) L Y .
VYNAXR RT ==Lk (0k0) @b —27 5
(202) HHHDOE—2 LB L T/HhE Ao TND I &
Womd, EREBEO 1=l lesy ([Z2OWTIX, VL
R N T ==&k THRRr=58 Loz, UbEXD,
HREFH T T AR bT =— VIR AT H Z & T, Pb-l
J& DHEBURE T DB RE M A WET D ENTEI,

[1] D. H. Cao et al., J. Am. Chem. Soc., 137 (2015) 7843.[2] Y.

Futamura et al., Jpn. J. Appl. Phys., 62 (2023) SK1007. [3] JII
5, 2023 EFKFIGHFE, 22p-C601-14 (2023). [4] V. O.
Eze et al., Jpn. J. Appl. Phys., 55 (2016) 02BF08. [5] C. C.
Stoumpos et al., Chem. Mater., 28 (2016) 2852.

A L (b)
- " 2 (a)
— |~ — =  ~
= = |= = et =
-+ o — =] — [—]
El Sl = £ | [< powder
5 10 15 20 25 30 35
26 (deg.)

Figure 1 X-ray diffraction patterns of
(CaH9NHs)2(CHsNHs)Pb2l7 thin films (a) before and
(b) after (17.5 min.) solvent annealing. Main powder

patterns of the material are also indicated.
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FILh ) ERKBRIEMULEBZTo-BIERERO TR B FKEE#
Higher-Performing Perovskite Solar Cells Treated with Alkali Metal Hydroxide
FUK WPI-I2CNER (CESD) fkHR #&#%, ¥ =M, “mF #A
WPI-12CNER (CESD), Kyushu Univ. Y. Fujita, Z. Guo, °T. Matsushima

E-mail: tmatusim@i2cner.kyushu-u.ac.jp

a7 A4 NKEGEMOMEREIIAREEAIC W B L, FEABIZHT TR - B HED H T
%, WEEHIEREZA ESEL0IC 0T A A4 NEOERROKKM/ Sy = a3 VNS
N5, IHIZ, a7 ANA MNEFEORXEEOREUILLEZECTHDH, SN0, B ke ORI
Z KOH (2 K 0 MB35 LB AHIERE M 975 2 L 3 b TV D [1,2], ARFFETIE, Bk 72
TV Y & JEKER b % FAV N C SN0, BT E ORI 21T o 7o, #8172 7 L h ) A E KRk
Y ORI L ORILBED A 21T 9 LR & miRmAMER FIRCm B2 2 L2 R LT,

SnO, 1 #iiik/E % LiOH, NaOH, KOH, RbOH, CsOH #% T MEMH L7, AR & b
4% &, LIOH, NaOH, KOH (Z XV KL Z1T 5 L HIHZHE (AM15G, 100 mW cm2) (Z[A) |
T, EIRIFAMSE CLlE +85°C) AMETF L7 (XK1 &¥ 2), TOF-SIMS, XPS, PL, XRD,
SEM HIFERE R L V| LIOH, NaOH, KOH #2475 & X7 2 A FOBRENLBESNLDL Z &Kk
SN0, Bk ~DOEBE MY LM ET5Z &2 R ML, LarL, RbOH X CsOH % v
TREWILZAT 5 LW T3 5 —FH CEiRmtAtkim L L7 (K1 &R 2), Kz, KOH
& CsOH DIRATRNR (H KOH+CsOH) % V7= K LEE> KOH—CsOH (¥ 71> KOH/CsOH)
t L < 1% CsOH—KOH ({41 CsOH/KOH) DZRALIR 25 Fx Tz, BEHIIRTEIA & 2> TIEAR WS,
BN KOH, KIZ CSOH % W =B IRALEE (KOH/CSOH) #1795 & StFEAHNR & miam A
DERHZ BT 2 2 /AL (1 EK2),

[1] F. Deng et al., ACS Appl. Energy Mater., 2020, 3, 401-410.
[2] J. Du et al., ACS Appl. Energy Mater., 2022, 5, 1914-1921.

21

1.2
—o— Ref —a— LiOH NaOH
. é -9 KOH —@— RbOH CsOH
20 % - 1.0 KOH+CsOH @ CSOH/KOH — @ KOH/CsOH
19 w
% 0
S o
= 18 ’ é @ @ 8
L = 0.6
O ]
¢ £
7 2 04
161 % 0.2 4 85°C, open air
Encapsulation device
151 . : : : : : : 00 Continous light illumination
LN . T T T T T
<& & eqp*‘ & on*\ &S S x\\‘“\% \Q%OY\ 0 20 40 60 80 100
{_O% & *_?‘ Time (h)
1. JCELHGNZE (AML5G, 100 mW cm2) 2. iR ANE OLMES+857C)
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RAJTRAA FXREEMIZHITS PDINO HhY— K3y 7 7BORE
Role of PDINO cathode buffer layers in perovskite solar cells
RERXEY |, ARKEFRAEVUH?, BEXI R MERFEELS
OM)BE ZEA', b tH 12 HLE BHE' ki BE', AKX —5h 12
Dep. of Mater. Sci., Univ. of Tsukuba', IQSST, Univ. of Tsukuba?, TREMS, Univ. of Tsukuba3
°Yizhou Chen!, Seira Yamaguchi'?, Kaito Inoue!, Atsushi Sato!, Kazuhiro Marumoto'>3

E-mail: s2330083@u.tsukuba.ac.jp, marumoto@ims.tsukuba.ac.jp

il a7 20 A b REEIZ, K3 X b @R, 73T AR EOREND, WA
KbEmOOESE LTSN TW5D, PDINO (Fig.1) OF Y — FXXv 7 7@ (CBL) X, &
TSR E PCoiBM & Ag BABOMIC R mAG-E 42k L., ZOREIZE TS 3 v FF—2
U7 DR A MG 2 2 & THgESe 7 A A S KEGEMOMREAZ M LS5 LfEIh T
51 —J7 T, BAAD[h) & LEEN 22 Bl HOWTIH— B2 BAR N 72 STV, ARAFAE
PDINO O EMIREEZ B+ A E' 30 (ESR) {ETHIHI L., £ CBL O&ZENZ SV THHE LTz,

[32BR] AMWFFETlL. ITO/PEDOT:PSS/(BAosPEA.s)FA3Snsl 3/PCsiBM/PDINO/Ag i1 0D A [57E
F+ %Mo (Fig.2), PEDOT:PSS, <27 AW A k. PCeyBM 3 LN PDINO (FA B 22— K&
X0, AgITEZEAAEIRIC L R U7z, MEBGERE S RIER 2 FIECIERL L 72, fERL 72 7L
FEFBFHK T CHILEL, #iEB X070 K OIKIE T ESR JEZ1T- 72,

[ & &%2] 70K T, PCsiBM, PCsiBM/Ag. PCsiBM/PDINO, ¥ L O PCs;BM/PDINO/Ag ™ ESR
HEEIT>7= (Fig. 3), PCeiBM Hif5i, PCoiBM/Ag @ 2 [ CIL, BAME7Z: ESR ¥ 7 L3 Bl &
o7z, PCaBM/PDINO @ 2 J@ETliE, PDINO 7 =F > %D g=2.0033 @ ESR ¥ 7 F /L3
BlllEN7-, S HIZ, PCaBM/PDINO/Ag @ 3 JEETIL, PDINO 7 =4 HkD > 7 F Mz
T, PCeiBM 7 =4 KD g=1.9998 @ ESR 7 F /L@l < 7=, Ziuk, PDINO » Y — K
X 7 7 JE3 PCaBM & PDINO ORI HEBAG - & LB, Ag OESFBI% A FERh 0K
SEAER, HEICL D7 2 VI N O—HEERFE T, Ag D PCaBM ICETMER L7z 2 & 2R

Bd 25, ZOBBFILHIZEY , PCaBM & Ag OICY 3 v M —Hfih T3 <, A— 3 v 7 Hfil
DI L, KEEEMSE T D Voc & FF O EIZFHFETHEE 2615,

ZE R : [11Y. Hou et al., Adv. Mater. 28 (2016) 5112.

o0 — .\, 1l——pcq;BM/PDINO/AE ]
N LW Ag = PC¢1BM/PDINO
.-:5’/ \=O b ‘:: L PC 51BM/Ag
/\ \_/ PDINO it
) PCBM w0
e " ©
,\;’_‘} { Perovskite 5 /
p RO ;,:, g =2.0033
ol N/ g g=19998
el wd ITO T ]
NN 318 319 320 321 322 323
H(mT)
Fig. 1. Molecular structure of  Fig. 2. Schematic structure of  Fig. 3. ESR spectra of thin-film samples
PDINO. solar cell devices. at 70 K.
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