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Relationship between Meniscus Shape and Film Quality of Perovskite via Bar-coating Method

BRARBEL !, KERIX 2

CZE RBiD, Bt BRE L, Bl MR

Osaka Univ.1, OIT?, °Shogo Miyake?, Akihiko Fujiit 2, Masanori Ozaki'

E-mail: smiyake@opal.eei.eng.osaka-u.ac.jp

[(#E] o4, AERE AT A R 724 MIKHEAK
BHFEMATEE L CHER 24D TS, For Xk mmfg g~
DIEBAN FEE/ e N— 2 — MEZXB T A H A h ORI
AL C&W RPETa—T ¢ v 73— & BRI RiBE A
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AR % 2K J8fEI (Evaporation regime)tZ FH 24 9~ 2 {EG s ik
WCEHT D&, Top® EFICES TA=A N AERIZEIT S
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[1] S. Miyake et al., Thin Solid Films, 808, 140563 (2024). [2] M. He et al., Nat. Commun., 8, 16045 (2017).
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Investigation of the Coating Conditions for Perovskite Layer Patterning Utilizing
UV Ozone Treatment-Induced Wettability Changes on Substrate Surface
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1) Le, Thanh-Hai, et al. Advanced Electronic Materials 9.10 (2023): 2300093.

2) Lee, Jin-Wook, et al Nano-Micro Letters 15.1 (2023): 184.
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Rapid Process Exploration of CsPbBr3; Thin Film by Bayesian Optimization
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“UEFE L — 17, “BHEE" O3 OO/ T A—F—%HE)
AT b L7z (1), faiifb L7z CsPbBrs B D E &

AR X Y 0 i~ A 27 w53 JEIE(TRMC) & 2,
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BT o R ez Az

AN DAl £ % CsPbBrs il D SR A D i {ki2 Jo 0 . Cs/Pb LE7s 1 T, fEdsPERIEH I
1V CsPbBrs IR D AR AR ) LTz, VR O 1f) B3R O e (B 5 & IR S L, TRMC
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BN FER B REZ B LTV Z E R L NI o7z,

BE 3R

1 T. Dazai et al, ACS Appl. Electron. Mater. 5, 3965 (2023)

2 A.Bojtor et al, Adv. Energy Sustainability Res, 2400043 (2024)

[ ARFTEO—ER1E, FHFE(24KI2036), HAKS: SDGs #7871 = 7 ~(24SDG02), Bhfirdis 23 Ehid %
LR BRI FEHEE R (JPJ004596) D KR %32 T 1= b D Th 5,
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Bipyridine-based Cationic Electron-Collecting Monolayers for Perovskite Solar Cells
HA{EH Othf Eth, == %&F, T FA, Minh Anh Truong, Richard Murdey, £E &F&
Institute for Chemical Research, Kyoto Univ. “Tomoya Nakamura, Yuki Miyake, Shota Hira,
Minh Anh Truong, Richard Murdey, Atsushi Wakamiya
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AT AHA NRBEBEOESERRILO T2 DT, RIS L > TR L7ZEfw (ELEET)
BRI 3BTRS R OB N EE TH D, BH TR CH D EFLEIM BHEIEZ <
WEINTWDHDIZR L, EFEINAEIOBIITEA TW W, FxidEil, 77V VY7 F
¥ % b OME OB FEAE TZDPA ZB3% L= (Fig. 1a) D, A EHZ fVW - KEEME Tl
%P DO YBZEHNER (PCE) BELNEN, AFx v HHICk b e AT Vv ARKEL, A
TAHA Mg | EFEE (BECL) RmCTETORY H LA TWbHEBx b,

AWFZETIE, P TORDVICHTFA LMD o T2 HVIUE, LRI CETFZR
DT ZENRTEDLLEEXT, EEU IV UEKOER EICT VXNV RARCIEE 1 DFEIT 2
DA L7, Mono-PA 35 LU Bis-PA %Gt « Ak L7z (Fig. la), 46 D53+ % ITO HAIZK
EIELLLOEEFENEE L THWTKRGEMRFZ2FR LA R TFLIVbERXT
UV ADBNEL 7Y ZTNZEI152% (Mono-PA). 16.3% (Bis-PA) DA (forward 33
L O'reverse scan D)) 25647z (Fig. 1b), FER TIL, 4D By & T EUA R OE 71
(ERCF IR & KB & OBRIC OV CREIICHER T 5,

(a) (b)
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a
Me ‘ Au Br IE 20 4
N 8 7\ / \ﬁ 5
o Spiro-OMeTAD N_ _ < s
\ o . PO(OH), > ]
S Pb perovskite Mono-PA 3
N > P ) i g 10 Avg. PCE
(0] Monolayer ECL Br N\ /N Br :;E, TzDPA 11.3%
e Glass/ITO N LN S 51 —Mono-PA 152%
(OH), 3 N
&) — Bis-PA 16.3%
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o
)

Fig. 1. (a) Chemical structures of electron-collecting monolayers. (b) Current—voltage (J—FV) curves of
perovskite solar cell devices. Solid and dashed lines represent forward and reverse scan curves,
respectively.

1) Y. Miyake, T. Nakamura, A. Wakamiya et al., Chem. Asian. J. under revision.
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DFRIEIXS—ETHERL- CsGel: mmBEHEED I IMER
Shift current in MBE-grown high-quality CsGel; thin films
RAI!, HEP CEMS?, BH/\FV—2 3 BRARFEALYS
OB)=XK K o BB NI B, +& FH S I HET 2
Facul. of Eng., Univ. of Tokyo!, RIKEN CEMS?, RIKEN BZP?, Tokyo College, Univ. of Tokyo*
°Koma Miki', Masao Nakamura®3, Naoki Ogawa’?, Yoshinori Tokura'?*4, Masashi Kawasaki'~
E-mail: miki-koma784@g.ecc.u-tokyo.ac.jp

WO L7 b= AMELE LT T A0 A MEGEEZRFONT A RBEEBSNTEY ., §F
[ZB YA MZPb AT HILEMDPKE NS N TW D, —F, Po* & A A ERO/NE 72 G2 T
BT D L. ERRHICK TRER, BABESERTLIZEBMON TN, ZOREFATHS
CsGelz;(CGD)I%, IR T 20 uClem? Z 2 5 RE R HF W1 ZRT Z L ITMAx, KGEMIZE L7 1.6
eV DR REY v 7 EfFHFOZ EnD, BN V7 EBHFENIFR SN D, RITOTEND,
N7 NEEARRTIT L 7 MER & IR D BT R 2O AR S BRE) S D B2 B e 2 R T
LTHY, =X —IFHORMERLEmEIGEMER & WERONEENNR 2B ET DREE2 R 2 LR
SN > T D, LinL, CGLITIRATEIZ X 2 WMIEIERANEE CTh 2 72, MEERLERMEIC
BT DTN E TEETH 7=, £ 2 TR TIE, =¥ £ —MBEEZHWTEH

AE O CGL IR AERIL . 7 NEREZBIHT L Z &2 HME L,

CGI %, Csl & Gel #7835 &5 MBE 1512 X Y BaFa HEAR (K& T REEA 3.6 %) RIC/ERL L 7=,
Fig. 1 @ X #REH/ 32—, (00D)ER EICEREO T e %o v VEREBER I TWD Z & &R
LCW5, FERIZ, (110X TAID)FEA EIZ B FBLR O = B4 F 2 v VEROERIZ AP L, FEfm i
K B O B el A SR B U 7o RIS HEE D N T 1A 31T 2 WAL BB Rtk O BLEI 24T o 72, Fig. 2 13,
(001 FEAR _EDHEREIZIWTEBIAI SN 20 K IZBITF 5B a4 7T ARKBEROGE A7 ML TH S,
CGI D3 Ri(1.6 eV)HE CRIBIZNED B3V [ 2.5eV HETE—27 2 Ff- T 5, ZiuD OFRFEIE

—FHHETEHEONTZ CGIL DY 7 MERANLYZ FLR]ERL —HLTEY ., BUllSNTLERN Y
7 MBI THDH I LRI LTV D, #ill TlE, BRI K D0 mHIEORA, HEROF KT
PEIZOWT b D, dlEE: ABFFEIL ISPS BHFE 22H04958, 24H02234 DAL A 521 TIThodLTz,
[11Y. Zhang et al., Sci. Adv. 8, eabj5881 (2022). [2] N. Cheil ez al., RSC Adv. 13, 1955 (2023).

(4
o

O:CsGel,  * * 2
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g 10° | % 20
AN
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o |
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Fig. 1 XRD profile of a CsGel, thin film on a Fig. 2 Excitation spectrum of zero-bias photocurrent
BaF,(001) substrate at 20 K in a CsGels thin film on a BaF2(001) substrate.
) .

© 2025%F [CRAYEER 10-301 125



16p-K405-6

© 2025%F [CRAYEER

EEFEXETOLRITEIN—AROREBLAER
FAR—ZROTRHA P REEMDER - 5

Fabrication and Evaluation of Formamidinium-Based Multiporous Layered
Electrode Perovskite Solar Cells by Fully Non-Vacuum Process
EERAT! CCOIFR B!, XFT BN, REK B! F& 45!

Univ. of Hyogo !, °®9Takaya Shioki', Shunsuke Oshita!, Naonari Izumoto', Seigo Ito'

E-mail: itou@eng.u-hyogo.ac.jp

[F&- BH] V—R L RLEEALER A~ 7
AH 4 hKBE#M (MPLE-PSCs) 136K, %
DIEIATEF & L C CHNH3PbI3 12 5-7 2/ &
Bk a ik (5-AVAL) =R L 7=
5-AVA-MAPOLL: 3R] STV DAY, dRilr Tl
R 5 B 72 SRS fh 2 45 2 T2 O I AR L A
TIV=UL (FAY) X=X LT DME~D
EEEZOEBENH D 13, L LR S FA X
— RO T A A NI B O R i
[IAM L LW IRF SIS B & X35 . AT
Z%ClZ MPLE-PSCs OFERMEZ m®H 572012,
fsnfl 7 7 & 2 O {4 i U C FA _R— A
BT AT A SRR HV N 72 MPLE-PSCs
DSERFEEZE T 1t A TONERZ R T
[VERU5 ] 7 v 3 F—7 S0, 7 7 A JEHRIZ
AT L =B R TR— LTy 7EE LT
%72 TiO @A K L7z, & 0tk, &1k
Bt LCZIE Tio. 8, #kkEL LTEIE
Zr0, J&, F—/V kg L EEmE LTI
BH—AREE A7 Y — HRE TR
il - BERk T B Z L TR L. =0k,
RbCSFAPbI; 12 7 2 % A N RIBRATAIR & 2 4L
BEMRICIHETL, 7=—/15 2 L Thb &
7= (Fig. 1)

[# B - %3] RbCsFAPbL % W 7=
MPLE-PSCs [XRIBMARIE DOIRE, 7 =—/LVi&

BB L OVABLEOFEFEIC X - TREf b o B o
AR SN, ENENOEEIIZED,
FERFFEET mE A TEHEM 1517 cm? O
RbCsFAPbI; % f\ 7= MPLE-PSCs X =F V=
—VEVERLL, R 4.5% % 157 (Fig. 2).

[8#E] ABF%21% JST SPRING JPMJSP2175 @
TEEZITELDOTHA.

1. E. Kobayashi, et al., Cell Rep. Phys. Sci. 2021, 2, 100648.
2. L. Perrin, T. Shioki, et al., Solar RRL 2024, 8, 2400393.
3. Q. Wang et al., Adv. Energy Mater. 2020, 10, 1903092.
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Fig. 1. Image of perovskite structure and
MPLE-PSCs.
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£ PCE Hysteresis 0,209 0.153
PR RIS A T

T T

15.17 cm? MPLE-PSCs

0 2 4 6 8 10
Voltage / V

Fig. 2. Photo (left) and I-V curves (right) of
MPLE-PSCs mini-module using RbCsFAPDI;.
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F—/8 VIEBRIEFAM FAPD ZAVV-EEROTRH A FKIFEH
Inverted Structure Perovskite Solar Cells Using Dopamine Hydrochloride Doped FAPDI;
BXET', JMAFEH?, WEHEX® OX# 3B "2 BE #M8% M KE§2

BEHE fz? b EZS #E &S BR A3 LA mz!
Waseda Univ.t, ISAS/JAXA 2, Toin Univ. of Yokohama® CRyosuke Suematsul?2, Hiroaki Jinno?,
Daisuke Kobayashi?, Kazuyuki Hirose?, Naoyuki Shibayama?, Masashi Ikegami?,
Tsutomu Miyasaka®, Tomoyuki Yamamoto?!

Email: r552@akane.waseda.jp, tymmt@waseda.jp

[FFEREEE] N— )3 HiEet (Dopamine Hydrochloride: DA) DI X Y . ofH FAPbIz <
7T AAA MEOREWNE ET 5 Z E[AICINZ T, DA RN FAPDIs O X #RifitH: 20
THE L [2l, L2xL7en 5. DA BN FAPblz 12 7 A A N KEGEMODEHNRIL 1% K
i EIERITIR L, T ASHICIEE LT o To, £ 2 TARBFZETIE, DA TRAN FAPDI;
WCHE L7z v V70 Lo Z S, (ERONERHEE (Normal, n-i-p) 2> & Wi B % &
(Inverted, p-i-n)% 38 A L Z8H#%07R 3.99% % =EHK L 72,

[S2BR 1] DA SESIN, VRN FAPDLs & I Caf il IERURES B 2 (ERL L. & 0 KB E AR
P2 el U7=, FAPDIs (23 L 7= R4S & L C ITO/MeO-2PACZ/FAPDI/PCBM/BCP/Ag. [l L
<3 L7z ERUAETE & L C ITO/SNO2/FAPDIS/Spiro-OMeTAD/Au % H 7= (1% 1a),

[ R] J-V FRPEDORIER R 2 X 1b, BRI Z £ 1187, B TIE, DA ZiRIN$ 25 Z
ST X0 ZEBN RS KD L, — iR, DA HINC X W AEMETT5 600,
NERNZ T BAF 7o B h 3 2 2Emk LTz, ZORERIE, 1 IBRICB T AR RAE78y D
/NEVY SnO2/DA IR FAPBLA I Z2VE - HU Y H LIRFOHER TH H Z &, 2. WkEE T
PCBM 73 SnO, LV R VE F-3F 56 ML Ml 2 £F-272% ., PCBM/DA ¥R FAPbLAR R 451F 5
B LB ESINDLIZ L EZRELTVD, ZORENS, DA UIIFAPbIs IV T |
HYZRE R, WG A WD 2 & T BEFEOD FAPbls <1 7 21 A b KB & R eu

BReFHOO, MOWLEENEZFFONnT 20 MREMEFERTE 22 LRI ND,
(b)

30,

Table 1 Power conversion
) N

efficiency of the fabricated devices

>

Current Density [mA-’cmz]

Normal structure w/o DA  Normal structure w/ DA 0 W/O DA W/ DA
T B Normal w/o DA
il Normal 15.7% 0.283%
----- nverted w/o DA
20+ Inverted w/ DA
50 : \ Inverted 10.5% 3.99%
s ! . s I 0 0.5 1
Inverted structure w/o DA Inverted structure w/ DA Voltage [V]

Fig. 1 DA doped FAPbIs perovskite solar cells: (a) Device

photographs; (b) J-V curves under simulated sunlight.
[Z% k] [1] R. Oonaga et al., FMS2022, MM-P11. [2]RAAfth, 25 85 [a] JS4%K, 18p-P09-52.
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FE—REHEZRALV-Sn/Ge ¥ TNLAROTRAAA FRKZEMMHD
RbpiEE & BFIFIEDE /BN
Defect Structures and Electronic Properties in Sn/Ge Double Perovskite Solar Cell Using
First-Principles Calculation
B KBRE !, #hABRESRT/ 2 RL—Dr K3
OM) XM EE!, KF #i¥ ', £F EfE?2 Giacomo Giorg®, IUTF £—2, M #!
Japan Women's Univ. !, Yokohama City Univ. %, Perugia Univ.* “Mai Otake!, Suzune Omoril,
Masanori Kaneko?, Giacomo Giorgi’, Koichi Yamashita?, Azusa Muraoka'

E-mail: m2016016om@ug.jwu.ac.jp

[F] 8 (Pb) T A4 MURBEMR S OLELR R 2 R L TV D2, 0wk
MERCIZH T DL oo TND, ZDT®d, IEFETILPb 7 U —Xa 7 AH A MPELOBIRE N
ROBNTNWD, Rz, BEMES F ¥ U 7BEENE N, AR (Sn) X2 7 AHA MM, Pb 7
V—_a 7 AhA hORBERGERE LTHER SN TWD, L LABRIEORIDNHETH Y .
ZOERFRO—2L LT KM BT HND, Zhuk, fEmNICKAFETH L, SR
X v v TICKIGEM DR SV, 2B RERF YV T7E2 R 77 L, v U T OHMGE %5
TEZTZETHRIETICON DM, BIFEE TIZF 41X, FASnl;, MASnI; (ZFW\ T, Sn D1k
IR T VX ANKEL, FUHE ) OILERT 2 v DN S WS “Snerich, T-poor Z{E” 73,
KRBEYERL AR DFIENC AR T D LA LI2BL AR TIX. 2 Sn e 7 A DA MIxf LT,
Sn DWIZIEH &35 Ge & —EFEHL L 7= Sn/Ge # 7 /112 7 A A b FA2SnGels. MA,SnGelg % %
B, BFEHEHEEZ AT, ABERT v v VOB ) RIGUENL & RIfaAER = %L F—%
P L, SEEABRINTICORDB D RE Y v TNO KKMGHERIZ DWW THEAT LT,

[ - 28] B FEAEIE. BRI m o gb
PBE-D3, v k47 T H L —520eV DAIET, DFT 7 oy ) 0N G
B3> - — VASP (Vienna ab initio package) % M\ TAT I“{I; é”
ot T AR RICBE 5% v ) 7 OBBIE & R Toamiors 187 3
T2, ARVEEZRDTZ, ZORR, FASn [ZHA~ ‘trap C. || Band
T FA2SnGelg 73, MASnI; [~ T MASnGels 75, 1EAL & Voo e o |07
BT OHNEBOR/MED NN SN2 L Bbhro 7z, g — 4

T ELOAREEDNRT AR ENRNE | BN F Y
TIRRSBEL T, EMOEENEZVLTIRD, Th
DA EE KT, L -> T, Ge ¥ EHTHZ
LICES T ETFLIEELDONNT U ADBEND L O 57
0, Sn/Ge X T NARB T AN A MIIT A AMEREOT L Fig, 1. FA,SnGels o K[ HENT X
DRI D, (Vsn, Vae, Isn)
Fo NEEHNFIE T OIRR E 2530 R¥ v v 7N

D RBEHENZ DN TIRIT 24T o 72 TR SIS0 W RBAHEN 1L, KIEERR = kL% —23 0eV LAF
T AT 2R EZ R L, 2L (Va) . BB FRETF (A), 7o F A MR (A
NE Z HILD, FASnGels DA, “Sn-poor, I-rich 547 TIL A X225 Vau(2-/0), 7/~ =17 LZE
fL Vae(2-/11-), AZXDREIT T UZENANVIAALTET F VA bR Isa(1-/0), Tsn(3-/1-)3/3 K¥ ¥
v THICBIT DRSNS T WKRIGHEN. (Fig. 1) ThHZ Enbnrofz, —J, “Sn-rich, I-poor
M7 CTIERMEENIIE SIS W2 ERDho T2, S BHIZ, MASnGelg (28T, “Sn-poor,
L-rich S8 Tl Isa2-/1) D3 ERL S R0 F AN, “Snerich, [-poor S TITHERLITTERL S L7200,
PUEXD, Sn/Ge X7 N T AHA NI, Sn 7o 7 Ah4 b ERERIZ, “Sn-rich, I-poor
R ZBIRT 5 2 LT, MEEMRITH B 5 2 D RMEG.OER 2 RAICHIE T 5 2
LIRS T,

(2% 3C#K] [1] D. Meggiolaro, et al., J. Phys. Chem. Lett., 11, 3546 (2020). [2] N. Liu, et al., Phys.
Chem. Chem. Phys., 20, 6800 (2018). [3] M. Otake, et al., J. Comput. Chem. Jpn., 23, 40-43 (2024).
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CsPbLBr ROT AN M EBEROFBERILEABE T HIEREICRFTRIEEDOEE
Impact of Cooling Rate on Crystallization and Solar Cell Performance of
Co-evaporated Perovskite CsPbl,Br Thin Films
°m3)E B, ARAX EA Y, BAaH —E>, B &8>, 0k 8&
KT (Sch. of Eng., U. Tokyo) !, EKX5EimEF (RCAST, U. Tokyo)?,
BRK#AEIE (Sch. of Arts and Sci., U. Tokyo)?

OShijun Shi'?2, Masato Sotome'2, Kazuteru Nonomura2?, Hiroshi Segawa?3, Takashi Kondo'?

E-mail: shi@castle.t.u-tokyo.ac.jp

Recently, perovskite solar cells (SCs) using lead halide perovskites of the form APbX3 (A: monovalent
cations, X: Cl, Br, ) as light-absorbing layers have garnered significant research attention. To address
challenges associated with moisture, oxygen, heat, and UV light, researchers have explored all-
inorganic perovskite semiconductors that incorporate inorganic A-site cations [1]. Among these all-
inorganic perovskites, CsPblLBr (bandgap 1.9 eV) is well-suited for the perovskite/silicon tandem SCs
[2]. We have reported the optimal growth conditions of CsPbl,Br thin film on physical vapor co-
deposition (e.g., supply rate/ratio, substrate temperature s, annealing treatment) [3]. The importance
of the post-annealing process was clarified by the change of color to a characteristic dark brown color
of CsPbl,Br after post-annealing (300°C). The substrate was rapidly cooled in N, gas by removing it
from the heater base after post-annealing, but the optimal cooling process had not been clarified.

In this study, CsPbl,Br thin films were grown on FTO/PTAA (hole transport layer) substrates
via co-evaporation of CsBr and Pbl,, with T maintained at 100°C. To scrutinize the effect of post-
annealing cooling process on the crystallinity of CsPbl,Br thin film, it was annealed at 300°C for 10s
in N> atmosphere, followed by either rapid cooling or slow cooling (~0.051°C/s) to room temperature.
Compared to the inverted CsPbl,Br SC with rapid cooling (Fig. 1a), SCs with slow cooling had
uniform morphology and flat interfaces (Fig. 1b). The slowly-cooled perovskite SC showed better
power conversion efficiency of 5.82% (Fig. 1c¢) outperforming the rapid-cooled SC (4.21%). In our
presentation, we will discuss the cooling-process dependence of their crystallinities and SC
performances with various organic hole transport layers.

[1]7J.S. Niezgoda et al., ACS Energy Lett. 2, 1043 (2017). [2] R. J. Sutton et al., Adv. Energy Mater. 6,

1502458 (2016). [3] F1LEE fth, 55 85 A AYIEFERMFZAMFESR, 19p-C302-7 (2024).
15 T T T T T T

Slow cooling S
E 10k
o
£
£ 5t
2
k)
c
o 0O}
CsPbl,Br CsPbl,Br 2
c
», [
e PTAA P - - - PTAA 3751
FTO/glass
5.0kV x100k SE(U) ; 5.0kV x100k SE(U) nm -1902 0‘0 0I2 0‘4 0l6 0‘8 1l0 1.2

Voltage (V)
Fig. 1. (a, b) Cross sectional SEM of the CsPbI,Br with rapid cooling and slow cooling.

(c) Their IV characteristics under AM1.5.
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Self-Assembled Monolayer assisted Energy level alignment of the Ideal Band Gap Tin-
Lead perovskite solar cells

Safalmani Pradhan, Gaurav Kapil, Ajay Kumar Baranwal, Suraya Shaban, Qing Shen, Shuzi Hayase

The University of Electro-Communications; Email: safalsairam95@gmail.com

Introduction

Within a short time of 15 years, the power conversion efficiency (PCE) of perovskite solar cells (PSCs)
have increased from 3.8% to 26.08%, thus approaching the PCE of commercial silicon solar cells .
However, the most efficient PSCs reported are based on lead (Pb)-based perovskites, which have a
bandgap of 1.5-1.7 eV. According to the Shockley—Queisser (SQ) limit, single-junction solar cells
with an ideal band gap of 1.4 eV possesses the highest theoretical PCE limit of ~33%. However,
PEDOT: PSS, one of the most widely used hole transport material (HTM) suffers from acidic and
hygroscopic characteristics that can severely compromise the stability of the devices. Also, the
inherent absorption characteristics of PEDOT: PSS limits the solar cell’s short-circuit current density
(Jsc). In this context, self-assembled monolayers (SAMs) of organic molecules have been considered
as a valid alternative to conventional HTMs used 2. SAMs allows the modulation of the work function
(WF) of a metal oxide, in order to align it with the energy level of the photo-excited quasi-Fermi levels
of the perovskite layer. However, due to energy level mismatch between the widely used SAMs, such
as, 2PACz, MeO-2PACz etc, and the ideal band gap Tin-Lead (Sn-Pb) perovskite, the overall PCE in
hampered. In this work we have used an organic 1 e ———
molecule, i.e., 4-nitrophenyl boronic acid (4-NPBA) - — 4-NPBA

capable of forming a hole-selective contact on the 08l
metal oxide surface.

w
=3
T

Results and Discussion 0.6

IPCE

As evident in Figure 1, 4-NPBA-based device with
an overall PCE of 18.37% exhibits a better
photovoltaic performance than MeO-2PACz based

device (10.6%) and a comparable photovoltaic 0.2 = o
performance to PEDOT-based device (19.01%). In | S
fact, the short-circuit current density (Js.) of 27.89 Co oy, Yplmef]
mA/cm? for 4-NPBA-based device is higher than that 300300500 00 700 00 900
of PEDOT-based device (26.81 mA/cm?). It is only Wavelength (nm)

due its lower open-circuit voltage (Voc) of 864 mV and Figure 1: IPCE spectra for PEDOT-based and
Fill Factor (FF) of 0.76 when compared to Vo, of 869 SAM-based PSC; I-V spectra (inset).

mV and FF of 0.82 for PEDOT-based device, it shows a slightly lower PCE. This improved
photovoltaic performance has been attributed to the energy level alignment as well as Fermi level
modification of the perovskite caused by the use of 4-NPBA as HTM.

)
o =)

04

[ — PEDOL:PSSF
b ==- PEDOT:PSSR
£ ==+ 4-NPBAT
[ — J1-NPBAR

Current Density [mA/em’]

Keywords: Perovskite Solar Cells; Tin-Lead Perovskite; Self-Assembled Monolayer
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#Z~n 7 2H4 P KGERORLEMH b

Improving the thermal stability of tin perovskite solar cells
EHEAL, (DAL Hse: B B
UEC?, °Takeshi Kitamura?, Shuzi Hayase!
E-mail: k2243004@gl.cc.uec.ac.jp

o 72 A4 P KEGEMIZH 7 ) —<a 724 P KGERO R TR D EV 15.7%D 28 %)
RPWEI N TR ML LARDL, =072 H 4 b RGEMIIERSR L LEEIC BT
a7 2AAA FKGERE KT 2 EKIBICH>TEY, Bz ZEEOR LRk b
5. w7 2N A P RGEROMEOMKI L, Hu T ANA F DLEEDOKIBFEKTH 3.
BRuTZANAL OSSN TE SN H~EG L, chickh a7 z2h4 bicpBAC -V
IHREAINE ZEBPAOLNT NS, 2

a7 2h A4 P RGEMOME L ZERE R LI -0 Ic KR ERLE LT, F¥ VT
Wk & =u 72 H 4 FEERAAE ST O NG, BE, SRS~ u 72 a4 b KGERZ
R — VK fE & L C PEDOT:PSS % 72 1% NiOX Z T\ % BIL 2> L %223 &, PEDOT:PSS |3
EBBEORIc XY e T2 A4 P RKIBEMEARENIEE B EINTNE HE T
NiOX 13 ~u 72N A4 P LI 22 2 eAMEINTVW BB HIC, e 72X A4 F OFiEK
R L LC— %7 DMSO b #~u 72 h A4 FZBLE 2 2 L AFOLNT WS 01X 5,
07 2AA4 MEd»OEFEEE, Ag BMA~D I VEA AV OILED, e T AAh A KB

REEEESI R EPMEINTBR L0 5T, #Hu 7204 F KGEMOME L RE
HELEE IS 20T, KERF v Y THLE & ARSI 2 T 2 LE1DH 5.

AL TEH < 7 2A4 P KIGEMOREM 2R L X+ 27014 4+ VIREBGIEE, -
VL TE, RIEKRAEBICE S A L C TR Z T o 2.4 & VIR I8 0 & A, Water free
PEDOT-complex & — k@, DMSO 7 V) —D~<u 727 4 AR KEZH 22 ickoT
e B L 72 BVREN 2 WGE I 272820 7T A A A4 P KIGEMITEFRIRE T 85°C T 430 K
RIERE L 7212 D VIR R © 81% % #EFs L 7-.

23 SCHR
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%t #KE % % ALV = CH;NH:Pb(Bryl; —): 3B fE O /E &Y
Fabrication of CH3NH3Pb(Brxli—x)3 Thin Films by Multi-source Co-evaporation
OM2)HE X', A {8, 8 F=', AKX EAVL ik a&

KT (School of Eng., Univ. of Tokyo)!, XS EImMF (RCAST, Univ. of Tokyo)?
©Junta Nakazato', Shijun Shi!, Zihao Liu', Masato Sotome!2, Takashi Kondo'?
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T A Ra 7 29 A MMSEIR(APLX:) & ERIUE 12 H W 72 K ERPSC)IE, IIHEAOLE
BT NA AL LTHEA SN TWD, APOXsid e 7 X (CLBr, DDOIREEIIZE > TV R¥ v »
TENEREAIZHIE FTRE TH VD | AR b TRAEDHE STV 2 MAPDBr - )3iEfE(MA =
CH3NH;3) (23 Tldx = 0 (MAPbL;, E, ~ 1.6 eV)DPSC T W EE RN A S 1], x = 1

(MAPbBr) 3> U a2 & 7 AR EEHLIZIE L 72 B~ 2.3 eVE RO EIRFRIN AR R &S b,
— 5T, MAPbBr ;) iBas TITHIEHZ L > TIY v F/BrU v F 72 KA A 2 BET 2 H kA
3B & FHUTHE D PSCOZNIX TSGR L 72> T 0 | 2 DI~ 7 A A R Ba%E B DR
MEETHDHEEBEZ LN TNDR], TNETICHRA X, KE7 e AOKRILFFHEET LV HE
J& L. KUACH;NH,, KUAHI, FEAPbL A Z85TR & L7-MAPbI; D3 LIS T, W AMEHIZ XD
T A A F 2 RBEEORIIBIRPH AT A BN A T TR K 2B R — 7412 @& L TE T,
ztxlﬁ%‘ﬁfv I, ZEEIC X DxOFIEFREME A LT A LA BENE LT, ZRETH3
HFEFE I ZZUAHBr & [E{APbBr 2 I 2 (K 1a), 7~ T A R/K5E H A (HBr, HI) OBriff i (xgas) S E A —
A (PbBr2, Pbl) DBrfLif(xsolia) % HlH L. MAPb(Brl )i DO kK F2Br 24T > 7= (£/J10 mPa,
Ky — 2L — b 0 04 Ass, BEF : 300nm, FEMRIEFE : iR, RART7=—1 7 :90°C - 30
Yo ZORER. 0= Xgas, Xsolia = 1 THIUHOZALABIH] S AL7- (X 1b), 6-20 XRDE — 7 {if{& (X 1c)
2> 54D DFREH IS MAPDBr — ) TH 5 = & BHEE S, KT ERDOY — FANZEES VLT
2 7 R e 22 SR O TZAE R (gas, Xsotia)=(1, 1), (1, 0), (0, 1), (0 0)D3ILILARFE VL Tldxxrol I LK
JER D TR IID N T 2 Hixexpeet = (Xgas + 2Xsolid)/3 8 V) Xeasl CHTVMIE & 72 V) | &UFH & B & DR E:
L 30FaN= ?/Q?ﬁﬁ)ﬂ?ﬂﬁéﬂf:o FEER T, 4TI TE((Xgas, Xsolia) D EH B D2H30721)R05 07K
150 < Xgas, Xsolid < 1) COFERZFZ O T, xxepNCAFMIEC/N Y R v 7D (xgas, Xsolid) AT 72 £
B AR TOMAPBr 3D R 7 1 AW Tk 5.

[1] Z. Huang et al., Materials _ (;3) e n (@ ~

11,778 (2018).[2] S. J. Yoon ‘g % ~(0.0) é o ;;d))%

et al., ACS energy Lett. 2, @) 'g | = = g

1507  (2017). [3] Y. Hg: g | / (1,0) g (1.0) j\\
Nakamura, T. Matsushita  cp,NH, g £

and T. Kondo, JJAP 60, < ©.1 g| ©n jL

015505 (2021). [4] T AT K Pl PbBrlé - ol \&

o, BT, EH LT, 3 3 |= 2

* —F%:_fa E,;%'_“u %83 1.5 _— czrigrgy(cV) 2512 13 2(5‘Ideg:e5e) 16 17

- 2 Fig.1. (a) Schematic image of multi-source co-evaporation. (b)
LS R ER o Bk 24 Absorbance, (c) (100) XRD pattern of the samples prepared with
AT 22, 232-B103-3 (2022). (xgas, Xsolid)=(0, 0), (1, 0), (0, 1), (1, 1). xxrp for each samples are

0.00, 0.42, 0.05, 1.00.
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BEFREICEDHKEDE WD EABIRME ZAL:
RAAROTRANA P REEROER
Fabrication of Tin Perovskite Solar Cells with Hydrophobic Hole-transporting Layer
by Vacuum Quenching Method
HA{EH CFRHE #fEa#, i Eth, Minh Anh Truong, Richard Murdey, &= E&
Institute for Chemical Research, Kyoto Univ.
°Fuyuki Harata, Tomoya Nakamura, Minh Anh Truong, Richard Murdey, Atsushi Wakamiya
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AR T AN A+ KGEMIIBEAMO/NS OV BARKEERE LCTHEEZEDTND, A
AR T AHA FOFREFELE LT, Ay 20— MRECEBEE 2T T3 2 A% EER k1T
Bo, LUARFEL KEEEL~OBEANEL, £/o, X720 A MRS ER O
PEOEWIX LT, £ O EREEALETH 72,

Hox T, KEFE LIS EATRE SO E WL & LT, A &Y — 38K TN
Fle L THWEREREREZBE LTS (1 1a) [1, 2], ABEEEREZ AN Z LT, R
DI BEEZ T D 2 LR A X0 T A A 2 ERIT & 72, BUKPED S\ ER
AT EFCd D MeO-2PACz EIZA RN T A A M ERIE LT & 2 A BREEZ Wi GE1C
IXFER DR EPTE D S0%FEE Td o 7o DITK L CLE L2 V72 35-6121% 100% E Tl k
L7z (K 1b), BWEIETIIRT T A0 A N ARIBRAER D b BT 2 D12kt LT, WL
HEMRE IR E O PSR Z R LTt T 5 2 B3 0h ol THRBIEFIEIZ L > TE
RN A b LB Th D, ATFEZHOTRBEME VAR LZE 25, By FERID
ELEUE B2 A2 A X _a T 2 A S KBGEM S U CIREE L 725 11.6% D B Hzh ==
Z15G7 (T3, ATEVEERE 0.1 cm?, ITO/MeO-2PACZ/ED Ao 01FA00sSnl3/Ceo/BCP/Ag) (X 1¢), A%
FTI, BEREREE AWSGE 0, R ow A FTRERHIC W TH A bE Tl 15,

(a) c
e @ -
Device structure R S
9
- Vacuum Anneal 5§20 Forward scan
— 15
= \
(b) e OMe EDA 2 10 | Jso Voo PCE
S Sean (arem?) (V) T (%)
N $ g | Forwad 242 068 070 11.6
HO-P=0 g Reverse 238 0.67 0.68 10.8
OH

0 ————,
MeO-2PACz 00 0.1 02 03 04 05 06 07
(Hydrophobic)  Coverage ~50% Coverage 100% Voltage (V)
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Metal halide perovskite solar cells have recently gained widespread attention due to their low-cost
fabrication process and skyrocketing power conversion efficiencies (PCEs). It has been found that the
interfaces between perovskites and their adjacent carrier transport layers significantly affect the
performance of perovskite solar cells. For tin halide perovskite solar cells (SnPSCs), most reported
interface engineering methods and interlayers are based on solution-processed organic molecules and
halides.l* 2 An alternative, yet unexplored, is the use of vacuum-deposited metal halides. Without the use of
solvent, vacuum deposition causes minimal damage to the tin halide perovskites, and the available
materials are not constrained by solubility limitations.

In this work, several vacuum-deposited metal halides were used as interlayers between SnPSCs and Cgo
electron transport layers.s1 The open-circuit voltages and fill factors of FAo7sMAg2sSnls (FA:
formamidinium; MA: methylammonium) solar cells were enhanced by the optimized interlayer, resulting in
an increase in device PCE from 10.2% to 12.8%. The shelf and operational stability of the devices were
also improved. Additionally, the interlayer was found to be effective for FASnls and PEAo.1sFAqss5Snls
(PEA: phenethylammonium) solar cells. In this presentation, we will discuss the mechanism by which the
interlayers improve solar cell performance.

This research is partially supported by JST-Mirai (JPMJMI22E2), NEDO-GI (JPNP21016), NEDO
(JPNP20015), and JSPS (24KF0053).
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Fig. 1. (a) Device structure and (b) current density-voltage (/—7) curves of tin halide perovskite solar cells.
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