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perovskite solar cells” , Nat. Commun., 2023, 14, 839.

[2] Yajie Wang, Kui Zhao,* et al., “Perovskite Photovoltaics: Achieving Efficiency over
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A surface science approach to research on metal halide perovskite materials
RIS
RS PN
In energy devices, surfaces and interfaces often play a pivotal role. My group has been
utilizing surface science techniques to obtain in—depth understanding about surfaces and
interfaces in these energy devices. In this talk, I will focus on surface science studies on

metal halide perovskite materials and related solar cell devices
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WHLT R T . ST Uk, AR B SRR PR O E . S Th RS Z 2 (R AL ST e T IR N B
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A04-10

SrFACEAEES KT R BH 8 e o i B2 R 5T

2l
R R, MERE T AR KIE 58 5, 570228
R TR I T ZE . m AR AR BT B A Bl = DL AR AR R — D R T A ) BR A A% O M

W, T R E R WS S ANEE, TREEIZ) T AAE R ORPHBE b AR . 2R
AR EE T IX — PR AR, DL Ui -l B ) £ - S i s - m Ve RE 2 7 e £ 2k, B4R T &5141
B (1) #37 7IiRe i E ¥ 5 B R E AR R X I 7 RV H IR &R, B T IO i I
P NS 506 LM RE R AL, DS BI T B B R RO R S IR A i ) AT AR A (2)
RIE T INEERIR T ZF R 1 A FARGOK G & T B 3R, A RS0 T 384 A 3R 1 A m A& S i ok
HIE, BERA TSR ORI CHRERRE; (3) 'R T oA SN AR A £ T
VB AR LR, A A TR WO R R B A R T B D R AR A B A AL, T S T AL
AR AR B B AR MR . ACHR 51 R G I R X LE G SR s AT Wi [RIVE . AR 5 RSk T
PR, DU A S A TR, S SIS KA K B B F e ) A mT s L KRR e 1 D H R 4 AL
REAZOER BRI, At s AR L OCE Rl 2 S
CERI] . FRERTS JLHEEs ATt R Rtk

A04-11

NG X SRR BORTEF AT 6K & 15 A

RFR*
PEAB TR BRVSA8 74 22 i RAR X A P i 127 5
PSERAT R P BB SOML S5 48 5 e PR REAT 3 3 AN T 0 IR AR, DR B R AL TG R 2 P AR S5 A A o5 5

FRFEER S AR TAHE BRI X FHREUH R (GISAXS) RAED T AN FIA 75 85 Bk AT Sk A2
AR AR, JREWETT 1 AR R AR som s ARSI e PESS ERn s, WF J i R — 445
R AR RE P I A1 54T Oy, AR, AN e PR REROSRTIE D #3 FAPDI3 B
IMAPDI3 T 5 i 4, W TUES AR I EE SR AT, DS IR AR BGER AE B R S 1t 1 SIEit ki o

A04-12
BT BT RO S 834

R

TRMREE
RGBT R R T 2023 U VURMEER . LSRR TR, AERA RN R L R D) BE
MR BAEEIR ITR R BRI DL S SEbR il A A A T E MRS, AR
JRAR A Ve RE G LN B Bt 1B SEIR R AT . B 7 mUHAESS M) [FRE oW S5 . A4 R 7 X 2 0
JGHEREA A EOREM, H R X B SR o] R ARIR AT TT . 2017 4ELRASK, FRATUREZH AL 3T B4 i 45
KB RAMRH RO E R RIS DL O LA T R T T e T RGBT, wit 71k
21 5 AR TG MR R T R T SR BB AR AL A R T MOML S5 R e 38 e A Jee T 2 WU
4



hErRA S 2025 P04, KBERERTELS B

AU AR IR SR, Bl = 4w A R T ROG AT R T P 26, IS 200t SR AT ) RE
BR, FRNYIPIRZR 73T e &N TR AR R 7 mOG s T2, #t— P RATNEN IR T
REVAFEBE AL, % e Rom A g it SR B0 I SCIR AR, O HESIRT RO A RE KN O T
i IR -

A04-13
T G5 R A B IR T K B e /A S R R A 1k R SR
EWT, K, @ BRA, B, 7 ERE, B, i
VO ERRHHRY:, DhRe M Bt 7P, 710055, Fa4Z, BLPG

AR G653 T 45 S I DARAE SR T A PERE T L], RGN T 8 Wit 2 oo i A M AL AR
1 HERCHTEUS R DA IRRCIUE Ji7 s ) (1) SR BE o B R ) IR 1 SRR - 1 P ik 53 I3 45 (11 NiSe2/MoSe@N-BCCs)
RELRE- H R 7 45 (U1 CosMosC2/Co@NC) [ A& p-n 45 (U FesC-NG@NiFe) M5, 8
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1. Wang,Y.; Yun, S.; Shi, J.; Zhang, Y.; Dang, J.; Dang, C.; Liu, Z.; Deng, Y.; Yang, T., Journal of Colloid and
Interface Science 2022, 625, 800-816.
2. Dang, C.;Yun, S.; Zhang, Y.; Dang, J.; Wang, Y.; Liu, Z.; Deng, Y.; Yang, G.; Yang, J., Materials Today Nano
2022, 20, 100242
3. Yun, S,; Gao, Z,; Yang, T.; Sun, M.; Yang, G.; Wang, K.; Wang, Z.; Yuan, S.; Zhang, M., Advanced
Functional Materials 2024, 34, 2314226.
4. Sun, M.; Yun, S.; Dang, J.; Zhang, Y.; Liu, Z.; Qiao, D., Chemical Engineering Journal 2023, 458, 141301.
5. Qiao, D.; Yun, S.; Sun, M.; Dang, J.; Zhang, Y.; Yuan, S.; Yang, G.; Yang, T.; Gao, Z.; Wang, Z., Applied
Catalysis B: Environmental 2023, 334, 122830.
6. Yang, G.;Yang, T.; Wang, Z.; Wang, K.; Zhang, M.; Lund, P. D.; Yun, S., Advanced Powder Materials 2024,
3(5), 100224.
7. Yang, G.;Yun, S.; Yang, T.; Dang, J.; Zhang, Y.; Wang, Z., Journal of Materials Chemistry A 2024, 12 (3),
1804-1815.
8. Yang, G.; Yun, S.; Pang, Q.; Wang, R.; Yang, T.; Dang, J.; Xu, X.; Wang, Z.; Yang, H.; Feng, R.; Guo, W.,,
Advanced Functional Materials 2025, 2510467.
9. Xu, X.;Yun, S.; Yang, G.; Yang, T.; Pang, Q.; Wang, Z.; Yang, H.; Feng, R.; Guo, W.; Luo, C.; Chen, H.;
Zhang, T., Advanced Functional Materials 2025, , 2504278.
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FMEA TN 0D (F4E) Cs4Pb (IBr)6/3D (=4E) CsPbI3—xBrx JR4EL:H LI E A5 AR I LA RS, 0D
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BT R E G IR AR UGS H7 A0 TS 52 SR G 28 S ) B B AL N B 2 — o B RTSAR
1K B HLth H ST SR TC AT R B A2 52 DL R UBRRS e PE R DR 1 R, HRiE AT TR P A2 1) 2 5 AR
T AR P AR A SRR SR A AN LRI W AR DS T, B T St K B H AR e MRS T RIS FH
HIRIEMALES (PbI2) HRRAIMII B R A SO SR R RN S, JE 70 i S B SR A AR IS, 7 0 5 -3
FEFARHRR K S, A B D VA SR R Ak B . BREG AN ) BB BRI (1] . B e /e M S i 5
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ANZ L& RAPESE A KRR 5 28 (Z1F-8) WD EMAL K (FAD) ML IhAERTE, et/
785y B [2) o & 7 REFI SR 2 fLBUL AR 2, REA HUIZERTE PhI2 FEFIH A7 fr 4 HUR MY, SRBl
KRS 780 40 [3, 41« F B0 B RS BUEA FP 20 A0 BB R4 1 253 FH Rk O Ui e 1
(EMIMBF4) &5 PbI2 Z5& 0 BLE MR SEIUES BRI A 7 45 dm (5] o FER T — S AR EE PhI2 [F5EHE,
ARSI ATRE R (e -2-F2 F 4, MAPYA) 16 SR8 JOS R i A i (MA) SRR e 2%
e (PyA), MTTALESERE Y St AR S5 A RO IS 7 2 (6] o 14 VCHR: H R g 19 A 025 4640 LA Ay o B 5
THIEF, FFEMALIEAS (Snl2) FEI N HRIFPERE (DTT) JekE4HH S SN T B/ 45 sl J1%, S2Pl DIT
AbFR G HEES R K BH FI SRS T DA T2 i s AR R 12, 68% (0.04 em®) AT 11.30% (1 cm®)
(7] 5 4b, 385 S5Ot BRI 2% 46, 175 Pb12 FIRH &5 7 S /K AR 1 LA B BRI 2 5 Bk ok A Ko sl 124 (81,
AT S B A 205 95 ) 3 B i) 4 v 2550 23 D91 AR 23 i A T A A P FE b AL

22 R

[1] Licheng Tan*, Yiwang Chen%, et al., Adv. Mater. 2020, 32(26), 20200061.

[2] Licheng Tan*, Yiwang Chen%*, et al., Adv. Mater. 2023, 35(33), 2301852, Frontispiece

[3] Licheng Tan*, Yiwang Chen*, et al., Energy Environ. Sci. 2023, 16(2), 629-640, ESI Highly
Cited Paper.

[4] Licheng Tan*, Yiwang Chenk, et al., Energy Environ. Sci. 2024, 17(15), 5500-5512.

[5] Licheng Tan*, Yiwang Chen*, et al., Angew. Chem. Int. Ed. 2024, 136(1), e202315233, VIP
Paper.

[6] Licheng Tan#, Yiwang Chen%, et al., Angew. Chem. Int. Ed. 2024, 63(14), e202319100.

[7] Licheng Tan%*, Yiwang Chen*, et al., Angew. Chem. Int. Ed. 2024, DOI:
10. 1002/anie. 202422217, Hot Paper.

Licheng Tan*, Yiwang Chen%*, et al., Angew. Chem. Int. Ed. 2024, 63(51), e202411708, VIP Paper.
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B A 1] 2% 2 1 T 5 RO GAR AR
[ZES/S
M B R TR F KRR T, YLPUE R & T A8 PEHT X S K1 999 5, 330031

VLB K O i i 7 S M AT 2 SRR T A RN R R SR — A T T B A R AR AR BRI B I 77, AR
HARGHIFHATREE . 4 b M5 ) DL S 2 1328 B AR AR R e R B A 1 St A ALK BH F i )k — 20 ok Je
A AR 3 2 . FRATIE S AR BRI T 20038, VAP ARt B AL, S S 1 K B Ha i B il
Wit SRR BRI T2 it 7t @it KW E - BoR sy Pl & R IE 74, SCBL 7 Z2FOG IR 1)
TEE—SUEE R PR TRETH R Frile, BAA B BB Sk B RS AR BRI R4, FESLBlR
T AR S 75 B FEAT A ORASEERL P BT 1) 25

A04-22
FEERT R PH FR bR R ST+ B SR A 1) 25 SREe%
YEARIT
BRPEITTE K 27

REVEfE AL O B3R I ) — I 2222 Bk iR . 5G AR SR IEAE NN LA TP BB REAE (0B A
BARB & DR Z R EREIRSCRE, a2 AR SRk, (45 L m g5 e B ) K B g
Mo )& s AL I BT - T AR DR L e R O LR RE AT DRGSR T AR BH FRL IR, L K
FHHL. LED. Jer il Boltas. SCHERINES SKAF i 45S50T REIEA RS e k. H AT, HSeir =454k
R BH HLt R e A IE R I B 27.3% . 3K — it 32 245 28 TR D052 5 a2 e I, B AR
JerEa L BORHITE R B, R 7l AR KBTI i B DR AR A S A B 4 . SR
e AR R (AT PR 2% AR A 27 A, B ERAT A FH Lt L B oA A B L b e 4 £ 32 5%
TERIT I Z o AR VRIS E N RS TTE 1 ESERE AR IBIE 7T 1 4 TAF, 88 85 B 5 bt SR
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KRR FEth B 22 1 DR BH L A5 22 AN 7 ) o AR S MR/ RS B K BH FL it - D e 2 B 2 B Tt R, B AR
T AR PR A8 7 Ao PR T SR mE S L= AL B AT =, A2 A A 24 A K K BH H AT 9 HR A
R A
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AR PID 2R FIRT 52
ESL
ALK
TR, BEEJCRIENEIZ LY K, RIUPRAMAWHAE T I SR AAF 1 PID RS 1n) UZ T ™

. PID (Potential-induced degradation) %N, B[4 RH L F 5 e A 2 TR AAAE — N i 1Y HL 34 22
I, 277 A DRI 3 I JAHE PR s AL o T8 S FL A RO, P AR TR PR K, 2R B DR A0 R K
H TR RS, A8 E REE—E, MERIIRAMGMNH, RFEHEESET 1000V, E20PUA
F| 1500V, [Aitt, BFFT PID R FIARYE, LA WHRIFEAG PID RS2 R A L2 . AR B LR AT &2
LI %) PID 28R B ST 0, ¥IE PID RN AR AR, A i S AV 78 N Gkt {2k 4 PID 2508 H ik
%,

A04-24
RS e B V] BRI A WS SR K BH B2 ER
K kAT, THA. BIEX
FEM TR K

BT 2o BN A FL 4@ S A 5 22 FLAR F AR (1) 25 mT BRI WA £ AT K B g FLB (p-MPSCs) AT LA
% Fase kA 5 T KT AR B 2t 5 2 SR, AR ARBHAE i “ 24 =4 JFUI, p-MPSCs 7EfEE%E
kR (PCE) Jr T 7 Btk — bR o Rk, ASHIBAR I T —Fh3ET NEA 43 710 S5 5 Ab B 7 i3, @it e
BGERA™/ Tk FEAR S A 1) 2% kAL 2D/3D St 45 DAFE F+ p-MPSCs 1) PCE. WFFLRH, KL 2D/3D i 454X
AL TSR/ B AR ST BE S HES ), A W] T SRR R A, R IS S RSN/ Bk P AR AT A%
HLFBEEYZE, R F AT 25 BRI . IEAh, NEA FIl FA'TE SR T H R O AE BRI RS FH B8 i ]
DA A5 SR I S BRI T s, AT B 1 5B I T (%) FELT R P . e 2%, 42 NEA =R A0 FEfY
p-MPSCs 3 1 21. 1% PCE, & H Hi p-MPSCs H i [t f 5y PCE 2 —. BhAl, 28 NEA =i 5 B R B 3%
p-MPSCs 7E 23S H i 4% 1200 h J5 PCE ATZE, 7E 6010% RH F1 50 4= 5°C P i 4L 14T B K Th %6 A PRI
350 h J&, MKARCREFHILG PCE 1) 90% LA b o R TAERA -, M P it — P sl 7 PCE>23 % H A
H kg R p-MPSCs.

275 Lk
[1] J. Liu, X. Chen, K. Chen, W. Tian, Y. Sheng, B. She, Y. Jiang, D. Zhang,

Y. Liu, J. Qi, K. Chen, Y. Ma, Z. Qiu, C. Wang, Y. Yin, S. Zhao, J. Leng, S. Jin, W. Zhao, Y.
Qin, Y. Su, X. Li, X. Li, Y. Zhou, Y. Zhou, F. Ling, A. Mei, H. Han., Science 2024, 383, 1198.

[2] D. Xu, D. Wang, J. Liu, J. Qi, K. Chen, W. Zhu, Y. Tao, Z. Zhang, A. Mei,
J. Zhang, Small 2024, 20, 2311755.
[3] Y. Zhang, Y. Chen, Y. Liu, Y. Cai, Y. Liu, C. Wu, J. Wang, Z. Zhang, D. Wang,

J. Zhang, Small 2025, 21, 2410856.
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PV ARERE . EESCLAS PR OR FHAE I P WA NI AT, /5t — 5T s AT R iy . AR R A IHE
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FAVT R 7RI JE BB . X BRI 1K ARES R R (28 S804, ST 7 K m A AR 4
R AR e .
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T T BEAGERT™ FE Mt 4E 4 B RR 52
e+
o [ B2 5% K3 A 2 R 5
K THAR R 28 ) M 2 H TS ERAT S PH A8 F it 28 T I (0 B b i o XX — i), AR TAESTH 6 ik
TEACDY A (TMACL), AT LA R0 ) 17 904 T80 J A R (1) 8 5, 30 T DA 8 i SR AA VA VR PR
FE, A AR A8 ST ST TR AR o 1K 7 TH P 34 AR 4 & A R TRV BRA F it (1 7= Ml A S » F R 3R B,
TMACL 43 0ot 1E HE IR 2600 - 1T LAYS) SR PR A7 SR ATV IR R A e R T, 5 0B T AR IR 4 ANEAR
BT RO 2 A PN, A RBH L T AT SRR B AR RORL R A 5, 17 HL TMACL 43BN Ji5 4 B SR AR v
PIREBEM 0. 82 mPa « s $2/E %] 0.93 mPa « so SKHAEFRIES % H 3 57 (1 = B MR T AR S Bk A, 44
PERTT A (57,20 cm2) [RCERSETH 3 H BT [F2R A SemE (22, 76%), NUERLEE Y 21. 60%. 1=y B m] Fl
IR B 25 T A B TR R T TR AR e M, REZE B R AR RS N Ig4T 1440 /hEY G
{5 e 545 93, 26%F1) R G REE
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FRL. R KRS CRAHT R
TH
BRI S B, MRS, 213200, YLHE M E&RX

ANLTENAACESBRY K B F AL R R T T AT 1 EOR R EED , (B S26 = RO it 5 KT AR
PRERY DGR AMAERCE LAFAE—E 200 BEAh, IUE HIESER HA AR 2 ME AT 2 In) e, g ek
WMEL A SAa e, AR, WMEREBTITR SR, GRSy A A, MR 285K
AL B PP AN FH o AR VT 75 DL 28 A s R ARG R0 AR H AR 225, JF A T 50 38 Tio2
YKL 1) FL AR S A RH(L) DL A S 5 w0 SEHERY spiro 544 B2 AR BH2, 3), Ik R THIAR 2544 1 Ha BEL 437
K, FEEDCIRAAF R AR 2 1 Bt 5 & N R g S s AR MR SE VLR E 7 AR L5738 O,
A LRSS TR SR BN, s A LR S 3 2550 74k, SR B B ™ b A 0 45 M A 5 1k AAR AR E 1 (4) 5
AL 55 F AR5 PSR T AR b R e R AL BN, AR R RS ERE AR, SEI SRR AR T
R TR S5, ey HE 8 S 1E(6): P ST A e S s e F L s 5 U
73, AR SR E B S AR RE, $h T R IAR S BRI B R B 1, ESCE AR MR ) B g
PERDERRE TR (), AT =R EiAa € BT ARG ERAT 20 A, Xt — DR S R0 R BH fa it ™ b AL AR
A HE R L
B ASERAT: OKPHREHIE: SGRAME: FREt: BT
22530k
1. Y.Ding et al., Single-crystalline TiO2 nanoparticles for stable and efficient perovskite modules. Nature
Nanotechnol. 17, 598-604 (2022).
2. X Liuetal., Extending the m - Conjugated System in Spiro - Type Hole Transport Material Enhances the
Efficiency and Stability of Perovskite Solar Modules. Angew. Chem. Int. Ed. 62, (2023).
3. X.Zhang et al., 3D Conjugated Hole Transporting Materials for Efficient and Stable Perovskite Solar Cells
and Modules. Adv. Mater. 36, 2310619 (2024).
4. B. Ding et al., Dopant-additive synergism enhances perovskite solar modules. Nature 628, 299-305 (2024).
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6. P.J. Shietal., Oriented nucleation in formamidinium perovskite for photovoltaics. Nature 620, 323-327
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WA I TSR ARG IR . e, Al E @it 1 A s, R THEARE =
KRELIEH . AN T — MRS B & TR wTEIZRA. W EEB S AR,
M SN A 4E- B E LS, MR SARE. BEE. BERE. BRI, BTN, 3]
SCEL T AR SR KR R IR E (200 92K %E>1,000 42K RITHIRL (1 % 100+ 7 KD fERITERIZE
PRI B RAG P, FF LIl 1SR A B B SR AU B S o AL TR RO Z i 21
FIF 5 5d 281555 (PN B e Vi EE AR S BT K BHBE 2L 70 7 BB T 16.3% 1 14.5% M D R EL 0K . %7
PR RE A T AR HOR B RS ARALE, NfE R AL CRLFE 78 R A CBR AN P 31 28 B BB 40D
P JEAHROE RS AR BT ATBAS IR B 1R R

A04-29
ERRR R SR AR A
TEBE*
o [ o 25 B AL 2 i

P ERAT R BB | £ S R T B AR R g DA S AN T TR A 1) SR BBUER SRR Ty PR SR R AT Ak, A T 5 8K
X BH RE Lt Y 0% ke, BRI 785 2R SRR I = Mk S A

BT, AR T —Fh 7175 3 P AR R 15 A0 5 A 5w FH T2 mr 85 K0 K BH g it (1) 8 fD AR e
PEo MR 6-1RA TR -3-FR IR LM (BAEE) IIRNNRS ST FEEE A, AT 1) i FEE (1 Bk A AP . 7 o
[FI , BAEE WJ DAS A BRI B & (R 2R A5 B 1R AR AR S TR RE (R BAL , IRRZSRAS T 26. 08%IITAIIERLE,
FE&HE (Vo) 18 1. 201V, [RIRAREK 7B HUESR (0. 342 V), BEEA T SFRKIREE GF
2365 nm FKAMEH]: N2 1 T90 > 110 h, HEASH 190 > 6 hy 7E 100 mWem-2 2544 FI¥I#ELE LED H
SRR T90 > 1000 h), A$ G ERA O Ho A% #2841 1) 0 5 A e MEAR AL 1 3 3

A04-30
TR P A 5 SR AR TS BRI R R
"HFR. ETHE. RIE. REE. Fi
L RH K5

TEASERA AR Rt ARAS A ) 2% v, S S TSR e A AT VR SR e X I R, P2 BRI 20 1 S AR G ARAR
21 (Perovskite Solar Modules, PSMs) ZCRMIFEF . EEXTEERN"/NiOx 27 A& 4 2 1) ST SR Fe )i, 3%
TR T FE1% 51 51 NS I FCNO, (1) PTAA &1 = S5, FIFH FONO2 731 I v 5% FLME G PTAA 4 F-7E NiOx
T HES A P, PRARIZ I BRI S Re Oy, AT 38 9 12 7 1 A 1) PR 4A0is 250% . B84 10 emX 10 cm
PR ESCEL T 20. 6% AL AL RCR A S AR 1 o B XS DR T AR B R Ve sl e () 1) R, FRAT 92 1 T
BAHEE NI PZ UG SRnE, @i [FHE TSR 1 SRR VA ARG A R DRI, S T BREE IR
o T2 R I B IR AE SR [ 45 ol 2R, SEIL oo g i BR AR e TR 4%, MAE S h 4531 1734
ZERIF R TA SR R . LT L ORIE, 78 10 emX 10 cm FIRRZE FSEEL T 21, 5%A#A AR, DIERCRIE
20. 3%, Zi b, AR PSMs BURcRAiAl, $RH T — RFIVISEAIAT B 505

A04-31
R E B4R A FH e FE it S A
T 2
Rk
FHERT™ S BH BE FELIHL 19 K TEIRR 1) 2% 15 S A A 1 R 1 — i M AR R M A I FH v s ) B 22k ke o 3R
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MI2E T AN AL/ T2 e mbRA R, B S5 ER0 R B RE iR R B IABREE
M SR MREERESE SMEI S M, DL AR E SR R FHRERLALDY Hbn T 1, AR 7 KT AR
BSERA I 2 SR A RAG SR EER AT ] 5 U705, SRR MRS R B AL 2 T, KRG =P EER g
“ETREST SREEPIALSRNS, RS A AR T AN, G5 A g I 5 S T CELRE AL SR
W, SEIL TR, A EE =T AR R RCRAR AL B = T ERR E VE
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B S R Z ) & R4 S5 6k R FH B L TR A
e
RHE T A

FRANTR AU s 7 T 25 1) 8 B ™ LRI ZEL A o PP 2 0 ) 6 0 AT Y L 1 5 ke PR S B2 F MAT
MUFAT, AEESERA BRI % p B, EFEESMED, AR TR i, JRATH R Z 207
3D KA, TERGEIEE 2D FERET R, RIMILAMHEET n 8, A RTINS 5 7 2AH AR 1 i 18 4
=

e, TATA A DTR R AR RT DA s B S8 RS 1, R T RS 3 ) 2 BRSO B i, AN
T 1 2L T 20 R B O 85 SR 3 T oe bl = A= R . HARSAAETAE P2 HRIR I 1 RARI S P 1Y
&, ATA RGN 7B I, fém 7 BRANRErE, v & RA 98%JLATE 7 I, ARASHH
VEPIR ] AR = S AR T 2 AT e

B, BATRH M8 T Z 6% 1 P50 B SR A —BULRY, SEA AT R SER % T 2. 7S
FTLZH, FR T2 U NGRS 2 1L, DRG] £ 1) e R e ol and 1 3 A B 4545 38 1) 2
o R TIE0E,  H A P BT FI SR S R A R AT B AR 2 . RN T LB R
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1. Jiang, D., Liu, Z., Li, J., et al. Non—laser and all-vapor—phase processed perovskite
solar modules stabilized by naturally formed barrier layers. Joule, 2024, 8: 1161.

2. Qian, Y., Li, J., Cao, H., et al. Passivating Perovskites in Air Via an Alternating Cation
Interlayer Phase Formed by Benzylamine Vapor Fumigation. Adv. Funct. Mater., 2023, 33: 2214731.
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e A S A I T XA AR AR . RS AR DU R R, W R TR TS AR
VRIS SR SO AR R AR AL 2 SR S N3 B o 4 HH e R PR O 2R 5 ] — < s 3o 26 I ) 42 SR s, 4 [
FEUR TS0 B AL R A AR 2540, 0T B 9 BRI I PRI R S B, RSBl 1 st & (FA, Cs) Pb (1, Br) 3 £54K
W ERRASAHDURR, 1.0 em2 WAL 21. 9% GREE=J7IAUE), 25 cm2 HRERBIZH AR 21. 1%, 100 cm2 HEX
BEHRR 20, 1%, MORMERIABORIRAOCN 0. 8%/ FE S, T LI EER, PR e HEIIREKE,
SV ERAT F RIS B -TOPCon 72 2 B ) 2 251 2%, B2 s 27, 0%,

2 R

1. J. Lux et al., Adv. Mater., 2023, 35, 2304625

2 J. Lux et al., Adv. Mater., 2024, 36, 2412021

3. J. Lux et al., Adv. Mater., 2024, 36, 2401416
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Visible Light-Triggered Self-Welding Perovskite Solar Cells and Modules
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Xiongjie Lix
South-Central Minzu University

Flexible perovskite solar cells (F-PSCs) are highly promising for both stationary and mobile
applications because of their advantageous features, including mechanical flexibility, their
lightweight and thin nature, and cost—effectiveness. However, a number of drawbacks, such as
mechanical instability, make their practical application difficult. Here, self-welding dynamic
diselenide that is triggered by visible light into the structure of F-PSCs to improve their
long—term stability by repairing cracks and defects in the absorber layer is incorporated. The
diselenide confers the flexibility and self-welding properties to the Cso 0sMAo 0sFAo oPbI; perovskite
layer, enabling optimized F-PSC devices to achieve a power conversion efficiency of 24. 85% while
retaining ca. 92% of their initial efficiency after undergoing 15 000 bending cycles at a curvature
radius of 3 mm. The corresponding flexible large—scale module with an active area of 15.82 cm’
achieved a record PCE of 21.65%.

A04-35
& AR & KIS R
R R R
rh B R B A S LT
&8 A R DR LA S () LR PR 2R e ) 2 R T & R A, L R

KPHAEH (PSCs) TUIAF] 27%LA LRI ALK . (HAGERY AT IR G 2 A A AT (A AR B 7 24 A
FE M 5340 R0k 3 B AR K RH e FEth tH I 22 PR Y R fe s [RIINE, AR IRAR JBOR I B35 S0 14 1 Pl
FEC HEL AT R T B PP 7 0 R A 5 1) B, 3K A i ol A 2 e b e 8 38 R R ) B (B o R P PR P 8
T2, BIEEERAL (GAOAD. A FRAK (GAMA) AT —FERAK (GASA) 2 T-WFFA R I S5 ERH PR (A1 (1)
B R o o GAOA 4TIl i S B AL B A F A BL/E R S Po-T B 288 &, A RO T 45 id e o
FHE a—#H FAPL T (P AHAS I 2R, {2k b Vs R A, i i &5 g AR R B R AR e o AHESERA.
FE/NHIAR PSCs 3815 T 25.33% (n—i-p) M125.37% (p—i—n) HIGHFERICE, FEN, KEFESET Gk
FEELEL A R AR RIS R /3 ik 3 21, 97% (37.9 em’, n—i—p) A1 19. 25% (641. 4 cm’, p—i—n). JH4h,
HRHE 1SOS-D-1 #hi, ZHFAE 1000 /N A OREF 93% I A6 243 s T ISOS-L-1 #hilllik 2 7R, 500 /N fE &L
FATEREE 95%.
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(IR T 4L, VETER R — A 100~200 nm, HARR. L RERBA S FEAHLIKBH it
RAETT S AEIR . (EHEINREIR. R IUAASIE YR — R 07 T B AT B R A7 . AR KA RAE
AT A HURBA b )7 7 A HLN 70T SO IRARE . 57 7 B S AR UL BC IR A i RO S s 7R 6 AR
B N1 2@ TR RSO BTN T RAR B T2 MO IRARE LRI T 584
BRESERE RIS . AR B LS S5 S ERE ™ (A HILS 2 R B e B A5 77 T f BB it e 1t e
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AR MRS S B T R A A T, BRI T BT i S IRl AR S RE s k. B AR
i) 5 45 AR B IRTR I P, RT3 T U@ 4% NFA TR0 B e 1 G [ 45 M AR R v 7 &5 ) DASRAR B A R AR )
Ao FRATE I A% /M TAERG R IR 4% AE S WG AR B TS5 M A SRR AT N, BT A LK FH g FR It 28 14
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1] £ VR HE R 30038 - DI e LA T XD BR R o AR HR 35 1 [l S tan o] o Jl A A e o 85 R 1) R, ks DR 20 30 40k
AT Jir B B B B A B RRR, R BAHE: 1D ERIEH MRS WL, TRRNAS AR S 4 F e
GrRRE, 2R ANOCIR B AR A% 2) W “HFIK-BE- M7 BEsh 1R, RIEAR
PSR S TSR B R 4% g, SEBUR TR AR B R 2R 28l 3) $R I B e U S5 2 D RE R & ik s =00
BAERARAER, S T A S AR 2 D RE N Rl G — .
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JURR S AL T e, T T A 3 DXOR A IRAN A P 230 5

AR GO EME 2 GURAT VR IR, oA EE R RS a7 8 b 17
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HiE, BRI T mVERE SRR FER A AR, AR IR n-T o AR DT T AR AR R A
-T2 1 ARRRI R A FE LA AR N AE BT R U Wy 15 SV A AR A 2 B ) S n- TR i 7 1o A
ORI 5 A BT T T A . B S G n-RL e 0128 SR P RHE A LR 5 A48 DGR F it o

IR o
R IR APUKBHAERL; AYLMAEE
EE BN

[1] Meng, X.; Xing, Z.; Hu, X.; Chen, Y. Chin. J. Polym. Sci., 2022, 40, 1522.
[2] 50, RIBET, ARIEAR, Bk SCHE. [9].5% 70 154k, 2023, 54, 910.
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AT B 3D ST AT A A B T R AE RS R .

BT (Singlet Fission, SF), Efd ANl SAMENRI— A0 LR ST 5,
AN BRI S R A Z RSB T R Z B MR . PR REY], a4 SF RE
SPFEL T R AR R Hit, T LLRBBOE ) Shockley-Queisser (SQ) EHERM, B FOGH
R B R T IA 44%. HRTXS T 24 SF I N TEN LI BRARIE AN BEIR N, BRI T BR 2252 7 KB A HL it
L B — PR g . FRATTEEE % ER A K AP0 pump-probe BB FUE LA SRR T3 1
P, AR BLEZII NN RE . ARUGEAROR EZAHIRAIE SF M S BB A S ZMEHAR
73 T T HUAS B BB 3L R

SR

1. Wang, K. ; You, X.; Miao, X.; Yi, Y. ;*Peng, S.; Wu, D. ;% Chen, X.: Xu, J.: Sfeir,
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2025, 64, 202417362
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Int. Ed. 2024, 63, e202400941.
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WO, BRI R RBERE 2R mTER A VDRSS C SO HT I A HLH 722 A B 2 TN 2
[4,5]. #RMM0, BEEMEMESSAMNH R, Lo Rz iETBOZdna .
BEXTH AT Mott-Gurney AU TCIEHFRA WL LS A E X — UM (6], IR Q1
R T Ry rE . BANE G R BCHIEE TR 7], W AR Y BT Al 12 AL R A
TE RIS, MBI T His A B CIRMRLRTH RIS Al s 4R 1 TIN5, fEMEERE b, W] 1 AT
eI N SR FE X B TR IE AR (8], N tERE 2 A VDR IR SR B 18 ) kg
RPN
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15 n R HLE SUBPRMO B A BB ER B b P O BF 52 B0 1. LA MR
W T SE ARG A TR 4 FAN TR HEURIS PR AR R IR, JERIRI A FARTLIE R, 2 tH Py Gk
SR HENG, SCTUN /N T2 TR A SR RS 2. T SR e b
DL TR G N R RGN RS A TR T BIACR AR, PR T AN T 5RAMIA
B TRIKAR, A, FIRAEIENEE (S MBI T BT T TR e AT LA e
it
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TR AR B PH BE F it 4L A4 A T 42 1) 2 S5 PR REAIT 9T
X AL *
rh E R B T A RHOR 5 TR S

Significant advancements in research have been made in recent years, with single—junction
organic solar cells achieving efficiencies exceeding 20%. However, scaling up laboratory
prototypes to large—area commercial modules remains challenging due to the absence of
high—quality thin—film deposition techniques, particularly for ultra—thin interfacial layers[1]
Here, a fully vacuum-processed approach utilizing InCl3 as a hole contact and C60/BCP as an
electron—contact interlayer, respectively, which act as dense and uniform charge transporting
layers, while also ensuring consistent batch—to-batch reproducibility of module performance (PCE
= 17.3%@15. 6 cm2) [2]. To broaden the processing window of active layer for large—area modules
a seed crystal strategy by incorporating oligo (ethylene glycol)-modified asymmetric BDTF—CA20
molecule donors was proposed to optimize the nucleation and crystallization of PM6:BTP—eC9 blend,
leading to a record active area module efficiency of 17.7%[3]. When consider semi-transparent
modules for energy—generating windows, NIR-absorbing PCE10 polymer is used instead of PM6 for

achieving high visible transparency over 40% By integrating strategies to reduce non—-radiative
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recombination losses, a cost—effective double-layered nano—photonic structure, and a
high—quality 12-nm—thin Ag top electrode, semi—transparent modules achieve 9.4% with AVT > 40%,

and demonstrate excellent reproducibility[4]
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BRI K 2
A HKBHREHLID (0SCs) R AR . otk ARECA S VA nT hn A% DL & A K T RA i) £ 55
RERAMZ R 2 0. P2 R R OUHE Y6 JILATEY) HEs) T B4 70 0SCs RE Rl
K (PCE) MR E T, BHATROR R 20%. 2810, SEEFEFSERT SR REARM L, 0SCs 7RI . 2
PR, R0 R EE T 0SCs AR EMBEERIL (Fuw), XAIFEEHEIE (oo PPAEE KR, Hi, 548
SRR (A £ IAMECR, BY5 BHJ EMHEEURCE TR (BQE.) ML JEEF =% (PLQY)
FHK . BRI, PR s R aFE mnE RS 2 I F - 52 AR X 1 0SC 1) PCE R E ZEL,
T, AT PR T —ME EQE. (1.0X 10-3) FIL S B 7% (SCLC, 1.5X 10" en’
Vs WEHERIRH 2 A8 K] TT-TCBr. TT-TCBr fEVTR ) PLQY M 9. 24%, {HJE/EHBURAS T PLQY $2
FH2 20. 7%, KILH REFE SRR I & 0 = JussfEe A EHERE AT RIE . 2£F D18: TT-TCBr
] 0SCs LI 1 13. 20%1) PCE, BA 1.09 V IS FFEEH LR 0. 177 eV FIK A Beo ¥ TT-TCBr 5] N EI{EH
I 2 ) D18:L8-B0O 75 0SC 1, f#75H: Ei. M 0. 543 eV f&{KF] 0. 530 eV. D18:L8-B0O — 7T 0SCs ) PCE M
19. 16%$& T3 20. 10%, X2 HATAEFM B2 N5 =40 5] N3 0SCs B R . % TAERH T
BAREFIZROCM B U0 AEFRM H 1 2R AT Bet &t tH = 201 0SC.
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BOKBHAE BRI R BE, Fems R ALEIE 20%, 7E 60°C AU NIESINH 1000 /N 545 w]
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ot mZAET 250 nm EEETEZ, RS TAPURFHEE R A DSRNIERE (18.04%) [3]; 3) #
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LY RV AN ERE I ZE R R, AR 2% RACKEE i, ARAEAESE S 8] S5 18] 5
A FINSGAE; B4k, ARSI R G — g a HIEA R, s v E R R IR PSR
ML A S A IERER I OC R, IR TS A B, 48 S a8 RO AR E PR Tt
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DCM) 5 i s SR N7 (NG NS BND IR 7V, 7R =AM T i 2 oK REE R 324k 2
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W. Huang, J. Wang, Advanced Materials 2024, 36, 2403476.
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ARG R E BE ARG E I, SIS S S BRD B UK PH BE AR S AR TR BE ARG s 1, IR 54K

B8 RUGRTHARF I K BA B b & CAE I R A s S, A AE PR R A LB AT ER 1

FAE]: B, OKFHBERIE, JufRERe, JeHMEL, BEERHR
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NI 2% = P RE NiOx 2 454K ARH Bk Rt 52
BRI
CERINT
F£T NiOx =2 AL S AR S UES BT A BH BE R it & 24 R Z A0S B LR ST 7 10, Ay gk NiOx

45 H 5 A, BT S A AR I 12 ASUE L, SAM 231 7E NiOX 2R TH1 78 55 R AN = 0 vl 52 24 11 (A AF 00
2t A F AT AR I 7E NiOX 1 5] N B PR R B i FL T M IR N A i, I 5 NTh BT 7 142
5 SAM 7317 NiOX R IHIF1 7 76 S5 3R, IR AR RURSETH B 26% LA |, #8174 55° C. EEILHT,
RIS IESLIBEE 1000 /NN, PRFFVIIERCR 90%LA b, IR S i3 ERa e i

A04-77
BT ERR T 1%
e [ *
Bl PN

RS TR R AR AL AR T AT AT RE B HUR M 20840 . R AR AR 4 ) 77 A5 40
Jiik, RIS I, BRATE IR T R R G 7T 2 R R 2R A ek O A B T B a3 s, 7
L A RE RS . st TS0 R AR A YR T 3 5 A S R P AR ELAE I DA R AL, DR T A A SRR
B sems, SCI OLAEBGR T A A R B R, SRS B A M TRANE O i R PERE IS ERETR
FREE bRt TS %,

A04-78
ELERT K FH B FE Tt R T IR TR
MRITHE
B TORY:, MEEES TR, mE BT X 20 253 5, 650093
TR i v A AL BRI R SE B “BRIAIE . BRAPANY RS B bR B ERAR . TH R [E SO A ARV v BEYR 1
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HORERIE 755K, PRIT IR a2 BN B B S B v AN SR RRAS L e 23 A e A R MR A B A BH RE HL i H A
BEXIR I IIERIG . R T IE R . SR N A AN S RER A IC T B At R SR R IR 8 P RIS R
SERLA R, PR TR BRET R T 45 2 4 L SRR FUSRG < 5 BRH™ R F I 735 FRUBE RS 4 2 SRS AN 415 BT
RIHI B T BN, 8] TSGR A I iU, SCHLES BRR™ MR F It BRI (4 5E B 1 5 ks
HEYE, RIS T RPEREFS B e RAsE, 3 IRFTRR S\ A AR ARy I R 20 e e, 5 IRANIE H
FRBORPG R B RO SRR, SR IR B B P AL R I BE5E 1 M SR SR

A04-79
FHERT MR AR B S T R B AR R AT
R X HE
UK
AR, FHERDRRH AE I AE EROUIRFU IS /N, FEealig iR a5, Bl MmBNERR LR

i 26%, ZWHGL S I R R . WA A DAV SRR R 3 7SRRI R TAE, SR,
H AR ek T I AN i L, A e Ve HARBOR R AR SRR B4 . Juul, JRATHE IS5 R0 %
YRR AT RS E AL AT T RSIHTE, YIPHUS T —SaiR: Wb Aol e SRSkl BT
AR R 0715, SRR T 26% e B BRI M 2 ThRE ST, A RIS E 413
B2 AR R (R 00 5 HEAR S 2 AR L RE I O8035 J SA BRAT VREJBE 1) 45 ot IR ) T AR AR A R A
K T 22 TURH B 7 HS B S T T R AR St i B 26. 5% LA by A 1 em2 ST LA A R HIAR FRL s 25
KA 26%, 55 cm2 HEJR IR AUR A ROR AT 23%5F . XL A4 RN @R, Sk e PSR 3 1 R R At
TR T R R AR S

A04-80
Z M4 e T G Y B R L e 5 T Ah R % A FE L
i
HEPN RSB 5 135 TR, Am, AaM]

F1 Cu2ZnSn(S,Se)d (CZTSSe) AKPH VBN Bk Al Pt ok SEde e, 7602 S At K
J5; FH & 77 CZTSSe Wit 2 43 ) 5 22 )2 CdS Fll Mo §F 4 JES T2 B 7 Jo 485 1 S T RN 3 ST, S iiE g =4
REZ S5 F % CZTSSe A PH HE b PEAE B BT . &1 XY S A2 R A, K5 CuO /it JZ izt 5] A 2]
CZTSSe XPH M )T S, A RFHRS Se suR AT BT 8L, FRIK T MoSe2 25, I H St sk %
& BEARAT 50%, AR FER T #IM TR A, SR bR 3T 0 55 03 45 F T 0 B b A s 2R
AR, WEIC T A AB A0 et CZTSSe APH HiL it A FE4R 5 52 A R B IR Bl Ak A F A 3 T nis B e . SR H 55
AP B B AR D) ST CZTSSe/CdS Sl 45 B A%, AT T oG Z FIER R B2 35 PRI CdS i,
AU R IR 2 AR BB A5 I T SE I T RUF IR HES, PN 25 #aam, a1 4 E A
WCERRE DA 05, AR VER AT P L Rk B 11.21%.

A04-81
WERAL SR G RAA L 5 3345
Wrik
H R AR K2
B AL R [Sb2(S,Se)3] & —FFT BOE R kL, HAA W NRe: ()W BRTE 1.1-1.8 eV WIEZE T, #Hidok
HLAE 3R N 32%, RIS ] DA T E 5B 2K BHAe Fa it (i) THARE . nl etk LE. uHidE
B AR, T i DA B i bR ARG AR Y AR e L R B S4TSR AG T8 T BRI 2. AF
= IEARAT R, X FE A Jof F B e DL A T 0 PR A 5 4 DA B AR E A R . AR
P F A ABATR LI AT 1) 2% A B AL B K RH B8 FR I ) BT T R 0 A, B4 ST A ) A S THI 75 5 di AR HY
) (R R 7 v K IGURR R 46 v TR A R AL B T A . DA p R s 2 H R 353 R AT (PO E 9 ok vy o 2
S T >10.0% 0 0 IR AR SR R, A8 2 BN AR A HLITENL A B 2 G X — R I 10% 1) %7 2
FeARAEL

HRA]: BRALER, RZE SR, WIS, JehEit
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A04-82
T AL 8h K BH R FL T B2 3L % A OBAR B A
i
N e SRR = P W e

ENCIRAER = N IR PRI BDOGRE, I IRDIAE VIR I 28 015 PR BErT 4 s By b4y, 2 SEI H 3K
BRI B RTT R — o BidkBh (Sh2S3) AR LT MM BRI PERE, HAMBIALF .
REARHR . W RBR. FAFMA RSN . AR ELy 1.75eV, AEFEEH TENBR. R, H
HIBR AL B K FH B8 RV 8 A R IE ik fedt— 20 3201, JUHORITES LR (VOC) #iREIR. AT IE, TAIN
WRTEHMAELR, HRT — RIS ERERTT RIS LG SR T fis . s e 26, O Im e &
LA | S ) TR A [1-4]. AT 5B Sb2S3 K BH fig b M RESR TT, JF38 45k 800mV ) VOC 1T 3R1E .«
B2, WHFL T Sh2S3 JKBH g HLit i % A G AR BE S HLAE B SRS PIIR R Bt e R 48 Th R SE A
B WEOKFHRE R, BifLeh: JRERHE: =AU M
EEPTN
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it A B Y B A ) et % L v P
e
FMK S (5 S DR, R, N
fridb Bt b T ol R B ARBA IO, BORAZ BIAATROGE . b B RO th T34
RRASRIA R A, AEe R T B BAT BRI RN AT AT 5. FEBRALBE R RH FBib I T, A A TohLai i, et
PLA G N )Z, PSR B A D R R G35, FFFRH TP A0 08 IR AS 45 R B SR PE R PR E L,
WA, AR ESIAMEZ, LR SOFe e R EHR, KU RIS, ik, JIF
KT Pl SRR SR, B I DU AR R TR AR dn BB R TR SO I IR B B, S8
IR, SEBLT 8. 2% U AR o BRAGBERFH RE PRI R OB ARG, R A I 5 =
HILTESEE (PDMS) [0, sKIl 7 EALRERISSOEHRIN, SRIAIES] 1013 Jones BL L ROGIRASAFRN AT
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A04-84

B 55 B T TR FH FRLH B2 SBAR 2 M T B AR 7
Mkx. RIE. HEd. RS
YK 2

FEESIR (Cu2ZnSnS4, FFR CZTS) A& R M RME R+ E . ML MR BRICH =Rt R4 6l
PEReM R HAR R SRR FS, 18 B MK BH FELt B2 0K B R e K ) S I R R e Ak 5 )2 o6 (|
s&, HAET CZTS TR Fth . R HOAR I B e O FL A 3 5 OB RCR A LU AP A B2 . i — 2D
T, CZTS 6T EIR P o VR B IR Be R i LA K CZTS/CdS S i &5 S T A PR AR [ g 5 DT IC 2 B k) 2 e 3
IO, AU ET X Lk ) ST AR TR AL, AHOC TAEEUS R R T TR -

XFF CZTS JEFRAKRH I, SRR (R £ B H VA R 2 10 A SRR T Ve R 45 S AL AV B 5 41
B K CZTS W, QUFTRHHE A T CZTS/CAS R 45 BT HAL TR, 5] NIETEE SRR 2 A A A,
SEHLIRAE b 25 0 BB A0 AL . IR, AR BEAE R B B T N BT AS . e 5 BR 45 e R TR IR B
R B B L N B AR I 2R AT Y, AT KR 1) A P eyt N S8 R AR B A . hAbh, AR Tk
(1) NaOx I SnOx AJ &Mk im A 4%, #—PREBR e 8cE. &5, SHEEIESI&M CZTS AR
FVB AR AT 28 11, 89%, 28 B AR b vt &l i 0 (NPYM) DAIER 20RIA 11, 51%[1], AR H #r o ikiE
T 415 4410 CZTS Fth ) e e R AH

XFF CZTS W HMl, BB SR H — A R AT SK A4 Fh 7 2 A2 (PSLE) $R, seZhiffb CZTS T
mn R, IRTF R SRR 2 A HLAR SR G S B RIS . [FIRS, K T # T A, FRR T T pa ik
B, AT g aenrHEg, BAAAEGR 7B 1SR . R IR SRR E5 ) Mo/CZTS/CdS/Ti02/Pt
Jt FARAE FR T 25 A Ak B A = 1 9. 91% )~ Ha it K FH fig— g (HC—-STH) #3129, 44 mA em—2 G HLIR
R, DR ERIRRE . 2 HMRE KRR K PRI RAFIIPERE, ST HC-STH H40R A 2. 56%.
B, AR CZTS-BiVO4 5 I FLt SEEL TG AN & 2. 20%() rT 3 STH 4 ik = [2]

EEPUIN
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FEPHSE B T L AR S A

B
PN b R L R SV
I W F AR A e L RE G, ORI RO TR . BIREE S T AR LT

AR, FEE RGP A, HE W AR AU IR BT I EOR . AT, BRI
(ITO)E W] HE AR Fe g R R AT WOGIE L A ELAR A F B, (2 BR TR R Al 2 T2 R, ITO JfE 23 1
TVEIE NN T34 595h, BT BEEALER, 1TO (BRI A RE S A AEE R o« AN F03E I XAk
it RESCHRFE IR, TR T RIEEG ARARH. SR R e A e P ] AR T
Rl B BRI E SR % “ RMTCRe . BEBISMZ R e eiE v T ik, &
Ja, BT H IR GG EMENR T2, e I8 1020 mm & & M4 Ak G+ il ™, JFsesl
mPE RS R ORE B AR, Al SR REDL R . ORI AR TR . R h RE AR UL L R RE T RS
Foscaet, AR,

A04-86
AR B 77 S AR R IR BE SR B AL SN i R AR A B FH R
LS LN
LR 2B 2 S HOR B

31



h RS 2025 P04, KBERERTELS B

Sb2Se3 JeAR A AR 32 BRT- 5 B 45 S 1 S A4 AH N 7™ B IR B0 T 2 & ARUEAE T AR B BB B T Ak
BE e —YESE M) SRR & B PR IR BE R BB (Bl ZS AL VSey BBl S SbSe). nfrfim it 5 i TR 5 S e sl
IR BAEERE, RO Z 0P .

B0 b AT R, FRATMN A R TZEXHH (o) K48 (W) R HAT 108, HIIE
Ji MoSe2 & WSe2 FLifilJ o X —ACFIAR MY J5 4244 Ko Sb2Se3 M\ [hkO] HE i A5 4% A4 >y [hk 1] 77 ) A= K (4l ok
BEREB SR, AOERR T8 AR WU Z T R e 3 22, 38 I e fuk 77 TRTRR e, BT 300 USSR 2
e, LI I KR MR A FARE S RO, BRICES R SO A, SR A AN, FERIGE S
ZZpJZ B SINJE T R DU B T102 /=, H R T Sb2Se3d £E CdS L 2l 2 1 A2 T IR g, FF etz 7t
THT s B T . 2% PFSH TSR Ik 70. 3%, RGN AT 32. 58 mA/em? , JEHUEEHACR (PCE) $27H 4 9. 2%[ 1],

Ttk Sb2Se3 1L Gt & T2 ke hil xER, FRATIT & 75 SHTTRR (IVD) iR, ZERIE
o IR RS MERS IR SC B Sb2Se3 ¥ (001D Jr IR AE K, TR (Sh4Se6) n BEARSE M2 B T4 IR HE R (1) = T &
W IR TS [T HEIEAR L, TVD 2% P T8 5L 5 0 R 5 AR e B S 2 b, B T nis R R It .
Hil g H SRRV (001D A Ki Sh2Sed R, FRTF 1 OI405 10. 12% G AR AR (2] .

BEE Al LA B AT, RATRGW T T ANFZEE IR (3N-6N) eS8 e . i i
RS TATE (ICP-MS) S35 — 1R JE BT EURIN, A% = S s sh e % 1 5 A 3R B M Ak 91 A
B sk iERe g s A ERE . B AE R ARSI (Se) FMETRRE, BCIIINE] T AE AL ERFE SbSe
KAEMREBEE AW (E3), TN 0.37 ps BERFFE 3.4 ps. X — RIS FRAEEA R
aefF PCE 155 10. 41%[3], B s A &4 it 1 OB EOR T

B S ARG AR P R B4, FRATTER HOGIR KA BESERK . 1% T2 e R E R A2k Cd M CdS
ZZh )= 1) Sh2Sed AHY HY, W RmAE SR EAE, SGE g LR IR S S BhE 2 L . AR, Cd Jo
RERA R T AR BE AR, TERGRERRE (CdSb). #¥MFIFEAHE SRE, HR 70 B 5 RERCE L
FiE . w4, IR KACHE R ZRESEIL 10, 58%1E LR E, S Siie E ARy 10. 18%[4], Rl 1
Sh2Se3 He B HLH A RR AL 3K

At tisd A KB R SR E AL T R B3R, RGHRTT T Sb2Sed KPHHLMMAIRER, &R 1ok
R TR S AL OO, D9 RECAS . AR AT R A AR A T W9 R IR B8 A% . AR T R AT
B ZEMP JZIE R MR RAGR TR TR, 43l Sb2Se3 K FH HL it 7 b Ak B FH o 3 77

RPN
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A04-87
IKRTTARBRAL B0 = OGRS B T S sk tE s fi ik
EEE. RR|R. B FARK. FEE. TNl
(ELEIR PN

BifbBh (SbeSs) ARPHAEHM ORI T R NOLIRERE, A BONTE 39 8 rh Sl
ARG RETRSCR RV FERIE A R HAT, ORISR ShoS: KRHRE R O 23RS T 8. 08%IERLE, 4f
ShS; % W IGARAHAFHIVERE AL B 1 17. 55%. AT, SbeSs % ARG BR 71 ) 32 BR T AN BRAR 4%
Predity, SREETERE R ER = MR PEAL BENG . AT UIE I U 3 S5 A R A R S BB A R 4 37 5
VIR, RGULAL SbaSs KFHAE AN = ] OGRS RIPERE . 558, @I NGB Sn0./CdS HL7&40 /2 1
Beit, AORHB AR TR I A AR LA 1 B e RE, (645 450 nm BCKAIAME TRERIEH] T
80%. MEAh, FATHELAEAKAYTRR b R AL R SRR IR, R & 1 B AR S AL, FTRE S R R R
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DL S%oF S s B A 6 B L A3 ) PR, 7E IR KIS S B 1 A AR A AR 2 1T v B A R o 280 R B ()
teistil, BAEREEIFER “EZOURP T EMER A0 7 3743 T 46 SbaSs KBHBE FELth 7. 78%F1 8. 21%H)
Huarfm NERCER . 1 H, T ERMRAL RN, ShaS: & WGIRESE I MERELE 3000 K@1000 Tux NI
I T 18.36%, 6000 K@200 lux FHIZAZIAS] T 20. 80%. AHFFTHEML T —FfEr S DAL S0 Sk ) £ B,
BRROLIE, AL SbaSs a0t T4, FE HONRAL Ml ShoSs shfAE AL 718w .

A04-88
FRBEER TR — A R BE LR PFEEAR
G G
WL K 2K = A =G PN B O
0t e A7 B P ), S — AR R FH e FRL I RR ) 2 A ML K BH R L RS ERA R PH R it & R —
AF-02 B R BH BE FEth e A A e AR, AR B B 4 RN o) WL 58 AR BRAT A ol R R, [RI favr
Al WIEHE A G . AH AR G KB B R AT RL L Gtk BfbAR S, ERARA WL RH 58 FELIh Y R RS I,
BHAKTLHE. . K. EVERE. AR A M 2 A . Kl
R AR o DR EAE v B RS A N i B B EE P s A, A AURPHBE Rt FSERAT K BH g FLth 5
FOCARMEEA BRI 77 36K BH BE FRth £E 2 e & & 0 ] W' DA R Ao 75 SR B [R1 N, RE RIS
FRICVERA LI LA, HEA o aae. DUEVIKFEAE it e, 51 Z AR 5 R SO i e
A4y i B (WBG) 15 72 45 Bt (NBG) 8 52 . WBG £ 444 RL 4 PM6 £E 600 nm Pt i B SRR, T NBG 25 44474
B PCE10 MR IIELE 700 nm fIT, 456 Y6 SNARERRT NBG AE & B0 52 AR SEHUAR S U 20 AR SR o AR
NHRBIML G R 2k, NHR S BU R 6 KN 550 nm (£85%),  [RIHdE i B s 1 R 45 2 k), T m] BA
RIS B 0] WGBSR AVT A AR PCE. &% A HLA B AE b AN kT A BHAE Hatl, @i 44
BHEBEME T 0] ASEEDGIE 4581, S R @ i AN R B IR ] WO BRI 20658, DA 2 A [R] A A SR
Yk, NEIUE GG ROt R R TR R GG HREURE EC. MEURE TC Fahd
POREEOR, TDASEHD G SO ) 2 808 G, IR EORBHRESR &R A B i B nh E3R R H R
50 RANEAE . ZETRIHLIX R SOOI B S T K

A04-89
BT 6AR st BT IR R e AR BRVE
ZAR. GER. X
CUEPNS

AT S8 =AY R AR A5 s Bt BB A 3= e A O — AR E P AR it A R+ .
BGERRIJ2 ) h Ji E EE R  SAR B ROR . RE MR SR O FE AR, H AT AL AR ERAT K B FEIhAZ O I
SRR 3 K FH R SEESERA MR, FLRTIR AN IR ES (PbI2) FIFEBREIREREE (FAD. 2R, EW
X AR AT SRR SR E B AT EE R 50, 2 /N, HIE T FICAH R IE, MR &S ZE A5 .
E AN P2 RN s s, G2 B BRI, KR e SRR R U . PR, 58K S ARTE SR
PR R 5 T8 Y) 75 B — M7 R AR E . 2555081 Pb12 A1 FAT BPRME U 7T TAE & PbI2 F1 FAT A4k}
LA ERAT KRH F it 1t B 2 TR RUOR R T EE 3, AR BB 5 R0 AR AU 2 K Sk Ak, 43 7il%f PbI2
A FAT MMM WA W mPE. di AR e S S B B BIE . 5 kh etk it A PbI2 [4]
PRbRE B B AR B2 7E 2024 4F 3 H 10 5840, T 2024 4F 3 H 15 5580, S5 N T/CPTA 0067 -
2024, FHERHGAR HIB A FAT BIASRE CAF o A B .

A04-90
BB L5 B B AR B L858k L bR L
TAE FHRE . ZUME
L AT R A E SR
2. JTREE RS 2
3. ARG RS T CRRBHD 2B (FTFeke)

= B HATES PR i PR BE SR I B TR R . (HR R TRRIE C60 A7 7E A il AT
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P T e i J R C60 R i J= T R 5 IR RE S 0 AR A TR 30, AT 4 Ll 1) 6 15 DR oo BRUAS
FIFERE S I, AHLLTRRE C60, & #hiAmfTA- 4 PCBM BLAT 58 4 (VA A M RO I, (H R FEFFERmiR
Gy R AEBIRES b, TR, B ERE AR EVE (1] O 7o iR (e,  JRATIEE T 5 B
WA A A BT B OBTHRIPESEHE T RIS ek 8, J8IS prato — 20 B EATEBUL AL SN
BT, WA RV E B A= (2], s R I e A AR, B2 R
B ERE AL AR T, SR PCE>25% I i3 A2 & B i 1A% 2 (3] Uit 51 NBR 7R In 77 22
C60 A, FIFIER-BEAL AR FIERTT C60 HIVAR B HAUIL L R AL, 3RS 22% e S ALl
AAE I TOLRENE (4] @WIFSIA n BUEEESYIAINGRE C60 #, HHER-FEML 2/ it C60 WBAH
AL RBUE  FAE « = AU TR 2 R, 349> 25%( 55 = J7 TATIE ' F R AL AR RN 1) il AsE 14 (5]
B TARAGAT B TS i WA w2 ASE BUAS BRI o

Z2% 3R -
[1] 7. Xing et al. Small Struct. 2022, 3, 2200012.
[2] Z. Xing et al. Adv. Funct. Mater. 2021, 31, 2107695
[3] Z. Xing et al. Adv. Funct. Mater. 2025, 35, 2419582
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FHERD A BH FE b B BE R S S SR I TE RS
wHALT
FiSGER MR S TR
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Perovskite solar cells (PSCs) with supreme opto—electrical properties and
solution—processability have attracted tremendous interests. To realize state—of-the—art
efficiencies in PSCs, delicate control of bandgap (E.) is required, which generally involves using
mixed halogens. This, however, can result in unfavorable phase segregation to negatively

influence on the target efficiency and long—term stability. Herein, we demonstrate a viable
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precursor method for preparing halide—uniform perovskites based on lead derivatives of
nPbI2:1PbXA. We found that nPbI2:1PbXA enables tuning the bonding preference and strength between
Pbl, and PbBr, in the precursor, leading to generating stable —-I-Br-I-Br— fragments, which
eventually minimizes halide segregation in the perovskite. We have applied the precursor approach
to a series of wide—bandgap mixed halide perovskites, achieving boosted efficiencies of 21.3%
and 20. 3% in CsPbl.sBro. (bandgap of 1.74 eV) and Cso:FAosli oBri: (bandgap of 1.77 eV) based solar
cells. Interestingly, we found the connection between the modified halide homogeneity and
mechanical tolerance: the better the uniformity in the halide—distribution, the higher the
mechanical resistance of the perovskite to compressive or bending forces. The solar cells with
modified halogen uniformity exhibit impressive long—term stability, with the retention of >90%
of the initial efficiencies after 1500 hours of continuous illumination under maximum power point

tracking.
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A04-112
Inorganic Perovskite/Silicon Tandem Solar Cells
Xiaodan Zhang#*, Sanlong Wang, Pengyang Wang, Shanshan Qi, Ying Zhao
Nankai University
Inorganic perovskites are excellent top cell candidates for silicon—based tandem solar cells

(TSCs) due to better thermal stability and suppressed phase segregation under illumination.
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However, unsatisfactory hole extraction and nonradiative recombination leading to significant

voltage and fill factor losses. Here, we develop a weak p—type material of ethylenediamine acetic
acid methylamine (EDTA-N) combined with nickel oxide (Ni0Ox) as a hole selective layer, the EDTA-N
acts as a bridge between CsPbI3 and NiOx, effectively enhancing carrier extraction from CsPbI3
to NiOx, which also facilitates subsequent growth of high—quality inorganic perovskite films
and coordinate with uncoordinated Pb2+ at the bottom interface while suppressing interfacial
non-radiative recombination. Moreover, the formation of gradient energy level alignment between
CsPbI3 and NiOx result in higher open—circuit voltage. As a result, a record power conversion
efficiency (PCE) of 21.52% was realized in an inverted 1.68 eV single junction CsPbI3 inorganic
perovskite solar cells (IPSCs). We also achieved a record PCE of 27.92% (certified 27.18%) of
inorganic perovkite/silicon TSCs. In air, without encapsulation, the IPTSCs maintained 96. 89%
of its initial efficiency after 500 hours of continuous operation and retained 87.48% of its

initial efficiency after 1,000 hours of heating at 85° C in a nitrogen atmosphere.
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A04-128
Progress and Perspective of Cu(InGa)(SSe), Based Tandem Solar Cells
Xudong Xiao
School of Physics and Technology, and Key Laboratory of Artificial Micro- and Nano-structures of Ministry of Education, Wuhan
University
Perovskite/Cu(InGa)Se, (PSC/CIGSe) tandem configuration is an attractive way to achieve an ultra-high

efficient and cost-effective all-thin-film solar cell. In this presentation, | will first briefly review the status of this
tandem cell, and then present our progressive study of such tandems in 4-terminal and 2-terminal structures. In
particular, | will discuss the fabrication of highly efficient narrow bandgap CIGSe solar cell by a number of
techniques to reach optimal energy band engineering; the construction of wide bandgap CsFAPb(IBr); based
perovskite solar cell by using various treatments to successfully reduce the bulk and interface defect densities and
to greatly enhance the open-circuit voltage. By integrating a highly efficient and highly infrared transparent wide
bandgap PSC top cell with various narrow bandgap CIGS solar cells, we demonstrate that the bandgap matching
could reach synergetic effect and realize a four-terminal tandem cell with 28.4% PCE, the highest for PSC/CIGS
tandems at the time of publication. Moreover, by creating a highly effective composite intermediate recombination
layer between CIGSe and PSC, a monolithic two-terminal PSC/CIGS tandem device with over 30% efficiency has
been produced. In the end, | will also share my view on the potential of CIGS/Si tandem solar cells.
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e

v Lok 27 e A 20T S T
T2 AEANURBIRE R IR, AR5 B 2 A RRZ T U T & Ba AT B SOy A DGR, KR
HES) T AR FHRE OE AL RCR IER T — 5 i T F & B S AR RE T] W S 204 X BAT T 55
FONRCHAT, [RS8 F R T ARG RE R 1R R R S s RO T B R A B 7 7 AR DB IR, 55— 5 TR &
BN S AR (RGBSR AN L 7 RE SR T LLIE R 70 B 50 IS, AT BLIe 0 MU AR A WAL R BAT 454
ZRE,  NEERMOCIRAPRHR Bt T 2 k. R BA TAMEOLTE A AN BE 2 AN AR R B 2 Lt
HEB AR IR R I A, AT DU RO CER B T 9 BBl KR R G 1 O FLIRAD> T 8 T REE N B T Bk
L3525 R TS R K BH AR IS8 A N AR E MR AT . A WL BA BB F iSOG s R i, e IRFESEA PG
RAPRHE DG N RE MR SR a, M ESERD AP RME a4 st i v JE RO A2 620 nm RFHDG. AL
I 2 Je 6 B Z IR 62071000 nm 22 FOA I KORBADE, M BURT AL & R OR B s, SR RA &
FasE TSR s R R RO B s it . BB — & 51 A-DA” D-A Rl SR AR & B 2 AR B, (19
AU BH st 3o A BH ' 1% 3 21 4058 2 (6 RE R M e 3t — 2P e

A04-132
FHEEHRT R EBERG A
ERM WA R

1. YLPImYE K

2. MBKR¥

3. wREEITTE R
FHEASERN AR B A &SI AREA . ATEIRIIN TSGR T2 08%, RMEE 2 )15 e
AR, AP Gt e A R AR S S R, BRI AR SR T RS N . IRk, HIRAE
b S S NS TR SRR AR R A R T ST A S, R T KRB A R B ST . X el
B AR S GRS A AT AR R 55 G, BIIRREERIE, RN AER R R BEAR R ) A o it %
THMEIRAT T R0CRIE 22, 10%FIZEEESERE ABH Fait, AR 38 I 4% 28 MR IR I ROR I RANA 5%, IX
174 Y0t 1 A L T SR A Vi B i Sk B3RS ERE S AR AT, RIS AR . FELE
fih b, BIATFR 73T b R A 4 5 B ISR, Sl 1 ] B BA 52 R0 A% BES AR R AR R, JF N T
IREDEAAE T AR A NI B Gl K C IR (R, v AR X 4y 8 B F A BNEE 5,
FHARBIFEE 0.2 FPLLEABES R TAEE, RBIMEFRREIE 95% 7. F—J51, 1AM s AR &
FIARYE A, SR T (2R o0 4 B SR SR, H0e) S84 ISR R S B bl , DAL IS 58 R (1. 79 eVD
FEERH 2RAE 00K 19. 04 %, FFESHLEILF] 1.30 V, IXZTE SAMs J2 A NiOx 3 58 77 B AGAkHT A BH i FE it BT
ISR TE FEE . AR R ERE/ A LS 2 KR b /NHTARZRAF (0. 04 cm2) B%RIA 24. 30%, JFEH
JEENA 2.09 V, KEAREE (1.05 cm2) Bk 22. 87%. REEHIZAELIT 500 h EAMGHE IR G 754
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SORHIFIHARCR" . ISR A Sl KT R AR B, HES IR K a2 3 Sl

BT

[1] Huang, Z.:; Li, L.*; Wu, T.; Xue, T.; Sun, W.; Pan, Q.; Wang, H.; Xie, H.; Chi, J.; Han,
T.; Hu, X.; Su, M. *; Chen, Y.*; Song, Y.* Wearable perovskite solar cells by aligned liquid crystal
elastomers, Nat. Commun. 2023, 14, 1204.

[2] Wu, T.; Huang, Z.*; Li, L.; Sun, W.; Xue, T.; Pan, Q.; Xie, H.; Chen, S.; Guo, L.; Chi,
J.; Wang, H.; Zhang, Z.; Han, T.; Su, M. *; Song, Y.* Wearable Perovskite-Based Shadow Recognition
Sensor for Ambient and Nonobtrusive Human—Computer Interaction, Adv. Intell. Syst. 2023, 5,
2200307.
[3] Yao, S.#; Liu, C.#, Lv, J.; Li, H.; Gong, C.; Ye, Q.; Zhou, Y.; Dai, R.; Hu, X.; Huang, Z.%*;
Chen, Y. *; Efficient and stable perovskite/organic tandem solar cells via molecules—assisted
iodine capture under ultraviolet light, Sci. China Chem. 2025,
https://doi. org/10. 1007/s11426-025-2587-9
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R R A A R EL b PR SR T AR R = R A A/ A BB 2 2 K BH R F

BER* BXHE. BEE
o [E B2 B AR | S AR 9

A RATHE R (CIGSe) ELAELAARE (Si). FELER (CdTe) MIAEHERH SH A MR, Aefg
783 MR YSCRI R F R BH S o 2T /K 35 XS e e, A 1) 4 28 )2 PR RS P b P B AR R et o 1) PR M A 7 B
CIGSe JigHLth 5 AR A 00 Ha it 1) 46 1) 2 1k 2B 2 K BH 8 RV TE AR A BRI e 4 R0 [ i 3 25 1)
SR, AT A E AR A A B CTGSe AR A BH AE FEIATUIR B RN AL , B fEek (Ti) HAEH
Bl CTGSe VHEARACIH RE FL 1T, 5 [ BRAGHEACY Z20E80 K. [FIRF, A7 B CTGSe THEAR S A HELit 77 76 FL i
REATUCHECPEZE . SRR FE AT E Sl LW B2 . 25 AR B BE RS v

e BRI, A TR m A E R E B (T TENEK, @i =B R IEANE Y
0 JE R TR FE 1) 4 T AR A B CIGSe WK FHRE . RIS, ASSCHRH T — R THERIE A PR CIGSe T
K BH A FEIB M BB Mg, RIFE A5 BR CIGSe WLUSZ R IHTHHIT D B0l BB R M R T b3 77k, Iras&m
FIBK T2, BIE#E—Sik C16Se WRIZ R M BET S M RIBHE, o3t CIGSe WRUSZ 1 SR S P SR
AT, e sHERE.

LG AR RLN, BT RS R i, AEERRR A U T AR CTGSe 15K FH B
M S REAT DL 22 . AR TR AR E . S & N B 2 DA P AR F PR I, LE ARAIE
FEES A BRI, AR S I R AUE TR T, SRR 17, 0% T E 19. 3%, o, RN
19. 3% 2T R HLHE g 648mV, JE R HLRZF Ny 39. TmA/em® , 3HFARE T-A 75. 1%. IS5 )9 19. 35%
IS MEAS KR TR B TN UM B f5, SR1F T RN 28. 1A% M DG 854K /C1GSe B JZ K PHAE HL L.
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o P RE PSR —RER R BT A AL B AR T R
St
HEORFRE (AR AIRA T

PHERE Tk B 2 F I RO B VR 2 TR IT 3P0 45 B RO BEAR IR, R 2 O R — OB IR I DBk
AR . AT B SR AL AR SR M A IR S5 T THT FE T, 1) 3 368 s € 22 T Ao R e B B = FLLOG
BRI AN A BE R, 5 AT 1S ERET IR 2 1 v o B ] 5 A B A 6 1) R BRER ARL ST X SRS
I B ARRE 2 I BOR K AT AT PR 2R
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24560 B E K FH B8 Fa it R AR AL ) %
A=
K

49



h B S 2025 P04, KBERERTELS B
A04-136

TR e RA R — 1
P«
Jemt B TR

PEERD KB RE b T —AOBRER I E B i 2 — . (EMREARIER S A E, T ERIE RS K
REMR. LSRR BT AR, XIERIR A EY BN 2 Sl B R 5 R G A AN — . TR
HIAE — VEA DM G R AN G fr, B ATRIAT a8 00 Rl B M 250K 1 PRl IRAERARESERN FTREAS
PR A S AL, R ORI 5 8 — VRGP IARL, RSBl AL AR E B R K FH RE F it AT B
BRI RHE . BISER S PSR AR — 1, Rl WAL T B RALTE=J7 A 4R
MR TAE, EEEE D KR “UMRR” oA — MRS, 1 WA — PR AR e R R
FFAE: 20 JFR WA FURK” MBI E RRTB  SEELK R AL 1 — B e i A R ) R AR T 2
s 3) KREHRALTT AR /R A S ARG K T Bk, 8 3o 5 i 2 SE L A AR AR e PR SRR M [R5 4
Tt

A04-137
TR R RR SE 154K 2 K B Rig Fi it
ETY
[N
T AR LA BB ART PHRHE A R B R AR AT It B 7. BRSESBECT th T 3L R

FEARFH BURAARH, BRI O S5 ERT bE e 5 7 BN R MO RSP OB MR SRTTT, 7E30R R, AL
ST 6 A P RREBRTT TE A1 LR ST SEA o ) (AR PEAAR 25 54728, SR A T 30t PR
SE IS AR 2 MU I, BRATVRBL T 5 1 BRI, ARG A R e S —
S BT LUE AT 2E R R BN T 7 50, 3400 LA O AR AR O P A o ZEIK VIR Ao, SR A 2R
A R T B HE kAC BE  Phu B MR Ry T SRS, FFER I S AL 38 7

A04-138
PR Z 4RGP ELR %
F AR
Hh R 2= B IR YIS 1 AR AT T B

ZECRIEJDCRBIARR R, B EORR A RERT . 2T H BT RIS AR R A R, A58k 2k
Z R A A BRI LI SR R BRITIIZ 8O0REOR . H TR 28580 2 2 8OU IR G i ie A g
BT TT, RREH IS E R RBLEA] 7, T2, JTRDURG MOV EE, Fioh, T aefhaify,
XTSI RE R AT A 7 SEI ARG E PR () Bl o E T AR TR AT &, FRAT9RH T35 K 1/Br 1R
B IS ERE SRS PUEL AT LA R S5 AR A6 TR 2> B RO LE,  HE T T A DA 5E VR T8 AT B Rb/Cs
R RIS AL, SKBL 7 =400RBCEMRE R B35 38T [N, e, JATet 75
A R B A W A SR DU S5 AR A ERAT /ST 5 R AR/ CIGS 1 MY DU Z5 6 AR &
ZH 3R

[1] Z. Wang, L. Zeng, T. Zhu, H. Chen, B. Chen, D. J. Kubicki, A. Balvanz, C. Li, A. Maxwell,
E. Ugur, R. dos Reis, M. Cheng, G. Yang, B. Subedi, D. Luo, J. Hu, J. Wang, S. Teale, S. Mahesh,
S. Wang, S. Hu, E. D. Jung, M. Wei, S. M. Park, L. Grater, E. Aydin, Z. Song, N. J. Podraza,
Z.-H. Lu, J. Huang, V. P. Dravid, S. De Wolf, Y. Yan, M. Gratzel, M. G. Kanatzidis, E. H. Sargentx,
Suppressed phase segregation for triple—junction perovskite solar cells. Nature 2023, 618, 74-79.

[2] S. Hu, W. Li, S. Liu, Z. Zhou, Y. Zhang, Z. Luo, H. Jin, Q. Jin, Y. Hou*, X. Zhou¥, Z.
Wang*, Flexible perovskite-based multiple—junction photovoltaics. Joule, 2025, DOI :
10. 1016/ j. joule. 2025. 101870.
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FEY«
CS VN

TR B o 2R DR 7 A PR A H FL s X HCAR i BT A A7 AR 1R REANAR SE PR IR AN ERLAE . RS il
WA= PR 2 ST R s 5 L 7 AL, FRATTA AL 5NN 73 S NGRS (57 S e A A YA B 7 B T 1
B PG ERAT AR i RS T A — R 5 (Y P S5 4 58 LR T IR By (PSSS) A RETSES BRAT i F VA2
B E TIE R RIR A I 42, AR EIRAT T T HLEHLA A W 0 BRAS R S F A
ERCE 19. 16%. H0f 4 TGHL CsPbIa 5 2 IAEREMA A AE AR AR A )i, JRATTZE BTSRRI HBr, 3145
a/y JREM CsPbIJHEEL, HH LA A 5 25 PR A AR PN AR AL I R THARREVE , X6F L [ 23 W A A e 1
THE 19.89%; HIERPDCERIRNT B I aAF B MBI L), BAVE TR AR L BeH BT R AR
SnOHL AR MR, #9598 n—i-p % ST-PSCs AEMRUL, MATERCRIERE] 20. 22%, HA5 G AR A DY b B
JEHIBRCRIE 31%; FA I _EIRTH it A Piom B SR AR E A S, Seidid S S A AR T i b B = 1) 0
FREE UMUACILEC S, 45 & R S I TS A 5 P RN, % AR 29% 1) p-i—n ZY45EK
B/ S E I, FRFR RbCL RFEm RS Ph Ly g B S 5 Sens,  7Er Ak ik R B3RS T
MG RC IR B 2 A, BT 29%; BEAh, 3RATIHh R 58 i SRS R e R S — R b B HT i
ZRHE Ag BTUTAR 1 nm Au F-1 )2 075 206 JZARZE AT Mo0s/Au/Ag/Mo0s % R B W] HLRK, IR MoOsHiE J=
BEAT AR, fERIE M AR AR ILE R AR (LUED 3 3. 23%, 61 OMO HaAR A & 1 B

S 3R

[1] Zhuoxin Li, Xing Li*, Xianggang Chen, Xiaoxia Cui, Chunlin Guo, Xuzheng Feng,
Dongxu Ren, Yaqi Mo, Miao Yang, Huiwei Huang, Rui Jia, Xuepeng Liu, Liyuan Han, Songyuan Dais,
Molang Cai*, Joule, 2023, 7, 6, 1363 - 1381.

[2] Xiaoxia Cui, Xing Li, Zishuo Wang, Zhuoxin Li, Xianggang Chen, Jixiang Tang,
Xuzheng Feng, Sijia La, Jieqiong Chen, Zhao Zhang, Zhengbo Yuan, Xiaoxu Sun, Molang Cai*, Device,
2025, 3, 1, 100558.

[3] Jieqiong Chen, Xiaoxu Sun, Zishuo Wang, Xiaoxia Cui, Xianggang Chen, Zhuoxin Li,
Xuzheng Feng, Jixiang Tang, Miao Yang, Zhengbo Yuan, Zhao Zhang, Sijia La, Xing Li*, Songyuan
Dai, Molang Cai*, Advanced Functional Materials, 2024, 35, 2411010.

[4] Xianggang Chen, Huirong Peng, Xiaoxu Sun, Longfei Yan, Xuzheng Feng, Shuyuan Fan,
Rui Jia, Songyuan Dai, Xiaolong Li, Xingmin Zhang, Xing Li, Molang Cai%*, Small, 2025, 25(2500710),
1-8.
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KT/ ik B 2K BH Eath = Ml Ak S 1) R 4 T
2T
TEZE B AL 4 PR A 7

HAET, SEERIbEEERCE N 27, 1%, CER ISR 29. 4%, @id #E— 53 m BIb AR BT R
REFEAREA 2 (HE, B2 BRI SRS T8 7 B A5 KR 5 i ity B /2 K BH A Hth, 1T LASEZEIN K PH
BECIE A BRI, BRARAALIRE, FEp e b AR IR . F AT S206 5 /N AR A AR / e B 2 K BH g
HL b PR B S AIE 2R AR B 34. 6%. 454K/ Sh it S )2 K PH AE i B ARG IR B AR & itk 2. H
AT RIS ERT/ e B EHR EZL 5 AW BB /HIT FIASERE™/TOPCon. (OESERE/HIT H 3 KIR M2
PR A, FEAAS FEOG I FLH (AT AT S5 R 8 O R T 4R R 2 2 I, (ERE P HIT BRIt N TR KT (2-5um)
AR ME B I VAR SRAG E A T R IS AR T, DR AT PR Et 2 S A R TS R T R AT T
b VL R AR KT AR ER™/HI T B )2 1 G HE . @F54KAT/TOPCon & )2, TOPCon HE N I O AlAL
SEK) SiNx AL TEEAESEAMT 25, FbmE T2 (700-900°C) 4% SiNx IR BRxt T 5
SRR /TOPCon B )2 E B E . B LIk i TR Hyb SR AT R0 22 5 2 4h, F5ERE™/ diteE B J2 P A AR T I
ERMEPR: () REAREZNS B TEITR: (2) BIKEAZETEZAMGRE S TEIT R, Q) FaEm
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R T8 RS BRI T T e . AR 0 5 T IR RE AR A IBAAE A5 B0/ ik B J2 U T E 7 K8
AESHERSCR, G T ARRESER/ S B J2 A A A S B 1] e

A04-141
HBRT BEARETES LR
FKE~
TN R
AR B R KR B R AT SRR RIS, TR IR . Sk AT B E A tE A

PRI AL ) BB, I ELURS B IR A R 45 il P o el D B R R A R o SR Tl I T
O SR E SR AR, BT mIRED R R, BRI T & B
JERARLAE S PEFURT SN, I8 IR SR B 1A s R R JC e AT R R BRIR K BR 2%
T3 R T BBV ES RN R AR S, 255 oA AR R R AR AR, R I ORI T O
(7 IS 6 Bl 1 3R 45 2 AR AIE A AR 7 98 A s B A B AR (0 B - IE R AR 0 |, KRR T T 2455k &)=
KB RE FE A BE -

A04-142
] B 5K BH R Rt ) 2% S B R B MR BRI T
WE (F+
L pNEZ

*EWAEE : BB, WA N MR B A ok S 8. Thae WA R 2%, E-mail:
ywwei@zzu. edu. cn,

W2

B J2 KA i it p 5 A (10 T R YU R A 25 1) RS e Yt L B, 3883 0 A S D' ) 4 BB P 1 v K B B P
2, I H b . (HA R 2 H ) 7 F It 8 R AN s BN VCRC R 1] 1 2 )2 it % . ke
EAEEE R, SR RIS % e CuGaSe2 HIh; TR FHIATRIEHI4 CZTSSe HiM, H4%
WOZEFEM 100 nm 304 600 nm, W70 B EAMERESHORE LIS AR REH T4 & IRl TS
JZ L RERIE 7T S AT AEAT T8 P AR Ab X B J2 R i FL R DT B FRU s i, IO b 2547 55 BE AN 1. 6 eV 3N 1.9 eV,
JI AT 55 2N 1,00 eV 3N 1. 71 eV, iU Tol Fyth J2 B2 A 22 2 i jthik B FEIRUCHD,  AF FEAN [R5 i
FEF & )2 i 1 B

g R EiHe:

T YR G DA DTAR B 257 CuGaSe2 I, FHF7EG T FESINAIATIR K, SBEA KSR
P—FH R mROGTE RIFREARIS . =i ERIE RS EUD, A PR, 5
T G B RE R UCEC FESE T . HIAF I CuGaSe2 A PHBE FLHIE AR L BRI, AWM, R TEAX
A%, R TAarigim. 1B JOIFE R IARY T B S, RE 8 4h 70 TR A AR JOIFE 42 2 Al 7 3R 12
BEdRi AR, R SR E R Z

XA AR ) CZTSSe HAMMIEATHI 7S . Bl Se/ (S+Se) LLIKIE NN, RCRSeIb NG PG, 7E Se/ (StSe) Lufl
0.2 B SEE 17, 38%AIIEME R . FEEWIUZEEM 0.5 nm BN 1.5 um, XFGREMRICINGE, 4HigHE
TRCR RS0 . SRR SR 1.5 nn i, dITEEER, 1 LUR i, Sk
FEFFPRIME o HF B FL B BE B L BELO 2803 B SE A BE K, D3RS s it A BCHL B RS IFE 2 @ » em2 BLF,
HEEH BRI F] 600 Q » em2 DA F, SRR HRAERE 17. 91%.

W9 & 2 F it ) FR A DL FC A VR REAR AL . FES 2 b, 4T st iy BRGNS, & )2 Ft ) Voe 2%
&3, Jsc JLFAAL, FF BZFW/N, 11 PCE Seln gk )y i aibAA 1y vE EE R ey, & )2 it i) Voc
B, Jsc BAEJk/IN, FE S35 k70N, PCE Je3G G ks o B )2 Bt e N 21. 67%8 N 48 32. 71%,
56k ZE B 0o 7 6 T R b R JES EEL T AR A 55 B2 SR 1. 7 eV AT 1. 28 eV, %S Voe 9 2. 13V, Jsc 24 18. 87 mA/cm2,
FF 2y 81. 52%.

ghie:

NIRAF R TERE SR R, S R AR R AR, Ot RIESERERIIISZ R AR I
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RN T 2 Q » cm2. FRECHEPERT 600 Q « cm2. fEEJZ M, THl R PR 7 BGTHE R JER A it A 717 B O
AN, IR TR ST R IE R T T R 059, G M B2 05 4 5 TSGR
oo ST BRI BT BR S 0A 1.7 eV Al 1,28 eV, FR1FT 32 TI%ME AR . @I 5 iy r it P A
AN R TR] (0 7 R D P P A 6 B = FL i, AT R AG SRR TR

R

1. Y. Wei, X. Meng, et al, J. Mater. Chem. C, 2025, 13: 5129-5139.

2. K. Zhou, M. Zhao, X. Meng, Y. Wei*, et al, Ceram. Inter, 2024, 50: 27120-27126.
3. Y. Weix, K. Zhou, et al, J. Alloys Compd, 2024, 976: 173123

4. Y. Wei%*, Z. Ma, et al, Mater. Sci. Engi. B 2024, 303: 117296.

5. J. Yin, X. Zhao, M. Zhao, L. Zhang, J. Tian%*, Y. Wei*, et al, Mater Today Comm, 2024,
40: 109725.
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B BRESERH™ A FH H Mt B ST SR M B AL 5 45 R A
TR *
P9 IR A

7 BB R R R 2 B RN S I AR A LA ST R B, S SR v AT i R S RS E M ) B
BEXFESEREHT FLEI Y RE T R I SR AR RR S B a8k, BATK R QAR 72 (4PADCB) MIZ5 3244
p BURPRE (2F) RIFFIFEATRR (1. 77 V) SR 7 b, 345 7 B INULACHRERT 454, D38 1 ST 80
TAERIRR, [F ST SRS B Ak, SEILT 460 nV ARKIFER HUESR, R 1-em2 2ENERET
R M ST 26.4% B NIE R o RATRHA 70U EE g R R S B i R, AR
FAO. 8Cs0. 2Pb (10. 6Br0. 4)3 (1. 77 eV) T BT ERn™ (13 Ft 1 G B A1 88 73T A% 48 [ A3 20, AT 0
BT, BER T PRSI, SEELT AL p-i-n BYELGETE A R ERAT UL K DY s A ERE S 2 Hth
FATHLIE I 0 AR RIS INGR AR U 1. 68-eV [ 58417 BRALARH 45 S B2, $R S AN ARn IR As fh i &, 1%
(ICHRRE RS B2, AH S B S AN DU i S5 ERAT / S ek S J2 FLIb 20 a1 SE IR 23% 1 31%RA_EFRIR%ER

22 3R

[1] Rui He, Cong Chen*, Dewei Zhao*, et al. Nature, 2023, 618, 80-86

[2] Jingwei Zhu, Cong Chen%*, Dewei Zhao*, et al. Nature Energy, 2023, 8, 714-724.

[3] Zhiyu Gao, Cong Chen*, Dewei Zhao*, et al. Journal of Energy Chemistry, 2024, 96, 120-128.

[4] Ruohao Wang, Cong Chen%*, Dewei Zhao*, et al. Energy & Environmental Science, 2024, 17,
2662-2669.

[5] Shenghan Wu, Cong Chen%, Dewei Zhao*, et al. Advanced Materials, 2025, 2503269.
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B8 & TR ECAREEAT ML P S5k, SeARREA P A2 P A i 77 T [ PR ik TR AR B, flhn 2024 4, AEEN
HeAR dr A DI R A = Fk 30 JINEAN 40 Sk, Jysiial DL b Ak [ R ) s A R R, A TN AR
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PGP B )2 I RERS SEEDW L T IO RCRI T, ORI IR e 3 1 st iR i ok, =470 S -Q
RCEMPR A 2T BL. SRT, A5 KA 2 5 A AR s A A 5 /2 1) ST A7 A2 KB kbe, 251/ E NIRRT R
ER, HEME I, TCERL SRR S RE . B IR R, AT T T B e A i
ARG, BN TSR N, M T R A AR /SRR R T KR T AR R A
BRI AL A0 5 U RIBEAL SR, e/ 3R Snd+RBE, BEALARII 2 L8R KR 1A T B B R 1
JIR SR T BEAL AR SRS, T BRALIF, AL T mshie, M) s . S BRI BRI T A
PHERT" B 2 K P AE I R HRasE k.

A04-146
TR SRR S T BRAS Sk A T R B B B E K FH AR it
I FHEx
TEWNNE /P F S ATE o N

1] 2% e AR T 1A B B RO B R FRh NS T 78 0 R 3 8 2 K BH g F L 138 ) 22 R LB
SR, T i B E It H A TR 2 = F R R RAE 2 2 4 B KPR, X BHAS T L T8 e A o 1 1) 5K
o b TAEH/R T M RAHS B IARAER, RIHES RS mITMLE (Pbl2) PIFEEEDIMIS, Rl
AETEER 5 C60 (IS IAL . FFARSCIRET B AEE (KPRMD 45 3R BH, FL A mAT i) PhI2 S350 H 1)
RIMAILF 2 = A2, WIS T &R AH B =4 . AR T RS RIRE T Pbl2 524 k=
S (EDAT2) 7E3& 4T FHEAT IR, AT LLSZEIABARY T 2 0 FR 35 i 5 —1k,  FFRAE AR (R 58 5 B
(1.67-1.78 eV) FHEKA"Hh 58 %M 17 HH 7 B AR

A, AR AR 8 3 76 98 7 BR8] B Pl vt v 7 I ol 3 T e 87 SRS, 75 AN [y B 140 R vtk
(1.67-1.78 eV) L¥JsZPl 7HGHEZ 100 mV MR EREA. HAHE 167 eV (MMl 17 23. 1% #id
SERCR (BYGEAN 22.95%), AFFR 1. 75 eV RISl T 19. 7% GAIEA 18.81%) HIERCE . FFIEHIEAR
(s b A A AR B R i, SEELT 26, 1% E AR .

AR SR 1 95 BRAS KA 1 1 2 AH 2 S AR AR SR IR, St 1 T RS R rEth Y 12
RE RS E VAR FH A RO, PR 7 HAE AR A2 B A B AT g

A04-147
SERREHRAGERAE T —ERRIOLTE it
RAFx
L IPNES
KGRI AR ZA B 2R R, PRI AR S HTR BvE . sl ERIANER E IR HOE SR AR
SEFI . SRKRHRER BB DI RE T — R DR B RESE AL OLTe it AR AR 5K FA REH SR AT
MR EET, FFEBURREIR AN AL it ZIhaALI R SRS, BT REIRIT K (Y A A F
TR AR, T2 AT, YRGB RIThEE T, KRR 4LTE R E A ILES, DTS F i R
RCRBR, T EREIH A . AT U N 7T
A% O BRI, AT B i YO AR M RE B A7 il I R P S P RCR 2 IR AR 2R, 1 UOE R RICR
(n Joule) NasfhHIBHL/ FERAEELL . BATLAESERE A FHAE I IR, IR A A AT
i RER TR, A =45 Ot 7e it B PR DGR ER AN SRR ) B VLT, SoRE\RIhF A K
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275 ik
[1] Z. Song, J. Wu, L. Sun, et al, Nano Energy 2022, 100, 107501.
[2] Z. Song, J. Wu, Y. Tu, et al, Energy Environ. Sci. 2022, 15, 4247-4258.
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[3] L. Sun, J. Wu, W. Pan, et al, J. Power Sources 2024, 624, 235517.
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I N JER AR 44. 0%, FFR T PRI FET UG IR A AR B ALRA L, 8 TC MA 2 FACsPbI3  PSCs R%
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AT IR A R AE o 38 X6 V8BS RO L 1 0 B RN RS g PR 58 AT X 5 KA A B FL T # R e At — 2 AR S X
KRB HAHEL BSERET; Akl HdRg
22 ik
1. X.He,Y.Cui* et. al, J. Energy Chem. https://doi.org/10.1016/j.jechem.2025.05.025.
2. X.He,Y. Cui* et. al, ACS Appl. Energy Mater. 2024, 7, 7838.
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AL, REENZE, ROTRH T —MH B B R AR MR B Cl-EBHLH, #7R T C1-1F Sn02
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56



h LA 2025 P04, KBERERTELS B

2. PSR IR R BA SIS 7T SEELN T SO L 4 12 52 R S 1R
(PLACS) HISAPEARIS A B AR L, DA ST A58k MR AR, JR4R T 1 SR S WIFE A5 R0 VI vh iz AT AL
o NI REANEIE L B, PLACS ¥ 56N Fy, Bl e S-S AZHG R HER TR . E BANK T
JE T 77 BB AR IR IR B PLACS I BRI 1 A5 4R0 MR AR B, R AR B iR hias 1+ e L
Ao ) MR FE AR AL SR AL T, T AR AR T e rh SR SO SR KT B (3]

3. PHERHRIEANARHE 7T L0 SRS R R N ) RO AR AR S R BEAT I I, R LT
JRTRUR Z [AAE R A A e 22 e, alid 4-MPCL S b3, A RCMBE T WAL R0 I AH 3 51,
THERT PbI2 FUSZMR, FREFXSTHR BRI R SEILN I TSI SRR 5T IR 23 (AP o i i Tt B A AR 25
EEIOEICTEN, KIS FAMAL-x S5 ERT HBAE 80K-300K [ R i 72 b & e A2 BT 8 i AR AR oL
e, FAHARIR RE R 52 x AELREME,  oF SR 2L Yo A ) TOT P8 M B0 ) AR AR T8 H BILBOR IR DX, Xt B BIAIE S 1
P A A 1) RURE B R ARS8 B, T A S 6 2L 3880 B T ) AR AR il P2 ORISR A A DR — B, A K
o VB RN AEIRIR T, SCER A BOEBURO G R AR LW B vy ) — MR, IKAEW] T4
i 4-MPCT Blifk 1 kPBE,  BEIN 25 AR TR AR R 5. [4]

SR

[1] Tu Y., Wu J., Xu G., et al., Adv. Mater. 2021, 2006545.

[2] Tu Y., Xu G., Yang X., et al., Sci. China-Phys. Mech. Astron. 2019, 62, 974221.
[3] Wang, C., Zheng, Z., Wang, Z., et al., Adv. Funct. Mater. 2024, 34: 2410621.
[4] Qu, D., Shang, C., Yang, X., et al., Energy Environ. Sci. 2025, 18: 1310-1319.
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N REHN R LTS, OB TERZ . 272 B 25, CE iR BURME b i g e s e A,
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UL ESRBE A, ARSI T ARG BARAER R LR = 4 e, 3k
L TIEAE R SnOAH I, IFAESLEERE 1S AR A BT 2, FF SnOH B ) 26 il FE B 2 ik, HL B3
PRI IR ERYE, ULRCSRME 170 AR, JRAESLERAl b, IS B RAS O B A i AR S ), 3R 5t
45670 RSB T FER) Sn02 L3R, Bl /) i RCH. s HUBRAR S8 PR I SR A5 A0 R B se H it [1-6]

[1] Solvent assisted low temperature crystallization of Sn02 electron transfer layer for
high—-efficiency planar perovskite solar cells. Advanced Functional Materials, 2019, 29, 1900557.

[2] Low-temperature—processed WOx as electron transfer layer for planar perovskite solar
cells exceeding 20% efficiency. Solar RRL, 2020, 4, 1900499.

[3] Rapid microwave—assisted synthesis of Sn02 quantum dots for efficient planar perovskite
solar cells. ACS Applied Energy Materials, 2021, 4, 1887

[4] Thermal-annealing—free Sn02 for fully room—temperature processed perovskite solar cells.
ACS Applied Energy Materials, 2022, 14, 41037

[5] Ameliorating the interfacial mismatch of Sn02 and perovskite enabling high mechanical
stability for flexible perovskite solar cells. 2023, 8, 2300925.

[6] NbSe2 nanosheets improved the buried interface for perovskite solar cells. 2024, 100029.

A04-159
RAGHFERT ARSI B 55 5 D R BORZER I
Hh [ BFEBEER YIS BEHARBI 7T

S AR GRS R B A SRR 2 & T R R ALE BE T8 2 H it SO0 s M A Sk
T SRR B JR KB fE A A5 75 T B A ) R AN ATt ARTAR LT IEsGas 1, e s ds A ra e
AR A T 2 A RE AR I 2 PR D i i R . AR B, BATE RS MRS & 1 2Rk 07
IERAL T T SR 8 AF b i R A A7 0 S SR REIRI ARG, IESE A ARAR S 2 5 I S ROt
REAE G L RE R A AR R ) BEORYR, T A5 R0 1 A K SR 5 A ) el s - B AL SR A R
FEA R A S ek 8 BE T S SRR B AL AR RN R APk, SRTHERFIT#E
HLT 58 U R

A04-160
TR ST I LPES ST FRH & Kok ot L N
g RER. HRX. THE. F=. 2l
Hh [ R
EAER,  ATEHL s PG A AR H - HLRRR ) 0 A BE AR PR BE HLI S U T (R, AT
T HOKPATEE, &) s ES AT MR S AL S ) S A 22D o A SCIRIEIL A K Hi A 5 4
TR BT IS EE R, SR TOCRALBER DA RIS R B SRS . B, PR T — R A s AR ASER
WRPEL IFREIN T Ol KRR PUE RIS RS RO ERR . IR, PR T — R P8 ) 4s
ERE AT R, IF R oK R A R RV 2 ARG AL s R 5B, IRAIE ST 1 L S A AL DA
FORMLER . #E—20, BEIT T ORI DT AL 205 G ST B R DG HEAL T XURUK . AN, 38T R
T RINETR AT K R AT AR . A SRR T 2L AL ES SR M RHE S AL A B85
GV FRATUIS A SRR D, R 9 K s Al XU B i R P R it — A RO AR .

22 R

1. Yang X., Chen Z%, Zhao W, et al., Chemical Engineering Journal, 2021, 405,
126806.

2. Wu J. Chen 7%, et al., Applied Catalysis A: General, 2025, 689, 120009,

3. Wu J., Chen Z%, et al., Journal of Environmental Sciences, 2025, 152, 577 -
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Xia S., Chen Z#*, et al., Journal of Catalysis, 2024, 433, 115488.
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Suppressing Open-Circuit Voltage Loss in Perovskite Solar Cells via multiple-dimensions Crystallization

Dynamics Regulation Strategy
Chunfu zhangl, a *, Hang Dong1, b and Dazheng Chenl, ¢
1School of Integrated Circuits, Xidian University, Xi’an 710071, People's Republic of China
acfzhang@xidian.edu.cn, bdonghangxd@163.com, cdzchen@xidian.edu.cn
Despite the dazzling progress since the emergence of perovskite solar cells (PSCs), a significant ideal-reality

discrepancy with respect to the open-circuit voltage (VOC) remains the primarily factor, restricting the power
conversion efficiency (PCE) relative to its Shockley-Queisser theoretical limit. Eliminating the detrimental
non-radiative recombination centers enriched at the surface/grain boundaries of perovskite films is therefore
regarded as the key approach to bridge this gap. Herein, a perovskite crystallization dynamic regulation template
is conducted to ensure the realization of controllable nucleation and crystal growth process through synchronous
incorporation of precursor solvent with high boiling point (1-Methyl-2-Pyrrolidone (NMP)), large-radius cation
(guanidinium (GA+) and dimethylammonium (DMA+)) and volatility cation containing additives (NH4SCN).
Our findings indicated that the GA+/DMA+ doping strategy is toward to inhibits the formation of a-phase
perovskite crystals owing to its larger ionic radius, thereby promoting the formation of perovskite films with
enlarged grain size. Simultaneously, the NMP-doping strategy has assisted controllable crystallization dynamics in
as-cast films by optimizing nucleation density and crystal growth rate through a delayed supersaturated
environment induced re-dissolution function. Notable, we demonstrated that the volatile NH4+ ligands are likely
to accelerate the nucleation process of perovskite by coupling with the Pb-I framework, and then escaped
immediately upon transferring the pre-cast films to a hotplate, the subsequent crystal growth behavior was
inhibited by impeded interaction between FA+ and Pb-I framework, deriving from the stronger adsorption
energies (Eads) between the SCN- and FA+ cations. In conjunction with above strategies, perovskite films with
enlarged grain size, superior crystallinity, ordered surface texture and compensated residual strain is final
fabricated. Thereby, mitigatory defect density and suppressed non-radiative carrier recombination are acquired in
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relevant films, leading to impressive power conversion efficiencies of 26.13% with one of the lowest VOC losses
among all reported p-i-n structure PSCs, reaching 96.13% of their theoretical VOC limit.

Keywords: Perovskite solar cell; Nucleation density; Crystal growth rate; Non-radiative recombination;
Open-Circuit Voltage Loss.
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A04-171
Synergistic Cooperation between Photovoltaic and Thermoelectric Effects in Solar Cells
Ping Fu,Can Lix
Dalian Institute of Chemical Physics, Chinese Academy of Sciences

Efficient utilization of thermal energy generated from infrared light has long been a focal
point in the development of high—efficiency photovoltaic (PV) devices. Theoretically, the thermal
energy can be converted to electricity through the thermoelectric (TE) effect. However,
integrating PV and TE effects in a PV device for solar—to—electricity conversion has remained
largely unexplored. Herein, we investigated the concurrent utilization of PV and TE effects under
a temperature gradient (AT) across perovskite solar cells (PSCs). A record power conversion
efficiency (PCE) of 27.17% (26.87%, average) was achieved for FAPbI3-based PSCs at AT = 10 oC,
compared to the control cases with PCE of 25. 65% (25. 28%, average). The exemplary PCE is attributed
to full spectrum utilization of solar energy and directional regulation of charge carrier
transport induced by built—in temperature gradients, which facilitates their efficient

collection. Our findings reveal the TE effect in the PV process and demonstrate the synergistic
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cooperation between PV and TE effects for enhancing the performance of PSCs
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A04-173
Surface Diffusion Engineering of Phase—Pure 2D Perovskite Layer for Efficient Perovskite
Photovoltaics
Kun Zhang, Yang Wang#*, Yanlin Song
Institute of Chemistry Chinese Academy of Sciences

Passivation molecules with highly reactive molecular ligands can easily penetrate into the
bulk 3D perovskite film, resulting in a mixed-dimensional phase of 2D perovskite through a
progressive diffusion process. Here, we utilize the noninvasive surface reaction (NSR) strategy
to trigger the interfacial solid reactions between passivation molecules and 3D perovskite via
precisely regulating the cation surface diffusion under the temperature and applied pressure,
solving the problem of the mixed dimensionalities of 2D perovskite on the 3D perovskite surface
and achieving a pure-phase 2D perovskite contact layer with a well-defined dimension. This
universal NSR approach, compatible with most Ruddlesden—Popper molecules, effectively prevents
the progressive phase transitions typically observed in solution—based processes. It reveals
the formation mechanism of pure—phase 2D perovskite and well-defined dimension by the interaction
force and reaction path. The as—prepared champion device (n—i—p type) delivers a PCE of 26.13%
(certified efficiency of 25.66%, 0.085 cm?) without efficiency loss after 1200 h of operational
stability tests (ISOS-L-1) and T87 of 1145 h (ISOS-L-2). The mini—module (n—i—p type) achieves
an efficiency of 23.03% (certified quasi-steady-state PCE of 22.32%, aperture area 13.94 cm?®)
with a T80 of 1200 hours

A04-174
Molecular engineering self-assembled monolayers for perovskite solar cells
Weihua Tang*
Xiamen University
Perovskite and organic solar cells have emerged as the most promising new generation of
photovoltaic technologies for commercialization. They are advantageous for solution processing
large—area devices with high power conversion efficiency (PCE). The lab efficiency record of

27% and 29% has been broken for sing—junction perovskite solar cells (PSCs) and all-perovskite
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tandem solar cells in ~0.05 cm2 device area. The charge transport layers between light—absorbing
layers and electrodes play a crucial role for device efficiency and stability. In the pursuit
of high—performance PSCs, there are some challenges facing in use of traditional hole transport
layer (HTL) materials (ca. PEDOT:PSS, PTAA and Spiro—OMeTAD) and electron transport layer (ETL)
materials (ca. C60, PCBM and Sn02). High—quality film forming of light—absorbing and efficient
charge extraction and transport from the charge transport layers have thus attracted great
attention from researchers in the photovoltaic community. The approaches are in great demand
for suppressing the non-radiative recombination energy loss and promoting efficient charge
transport as well as improving the operation stability of the devices

We report herein our recent progress in the development of new self-assembled charge (both
hole and electron) transport materials to achieve high—efficiency and stable solar cells. Their
design principles will be discussed for molecular design in modulating molecular energy levels
aggregation/orientation, charge transfer and solution processability. The potential for
improving interface quality and suppressing non-radiative recombination energy loss has been
explored in various types of solar cells, where record PCEs achieved together with outstanding
device stability [1-8]. The rational design of self-assembled charge transport layer materials
can thus be beneficial for mass—production of next—generation solar cells for practical

applications.

Keywords: Self-assembled monolayers, charge transport materials, perovskite solar cells
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BOCHRA R, TR RGN AR, EEIA Y 2D P Bk B T AT I AR, R BT A A
TR RAIRG], HBr B AR 9K, W70 UOWIN 2 2D F5ERAT 5. e SR IE R R R 1
PR B T RE IR, HAT IR AL 275 wme B 2D ERH T SRBE A B R EE B B T s B LR, A
DR AR B 2 AL T A 1 3O o S B e A PO R R P K g e A RO B LT A R ARSI . AE =
YEESERY T, JEIEAE MAPDBr3 $5EKY" 2 BB B IR TR (Sn), R BB 51 A KR BRI A TSI
JeE R AR B, RS ERE AR R T A7 iy AANAD S BIBORD I TE) U, SR T8GR TR VS A RCR
ARG T AE MAPDT3 B AR 2k b 5] NIRRT FuRFE, EATREMEITOIT “ ORI BOR T Rt 2 &
MARRRSN B A B, MR — G ar AR &S HEAh, IR e 5 B AR AR 5 S ok e T B 25 5T T
HESERR.
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ZHE MR TS 4/ =855 RmEH TR Rt
HER. A
R NS

AHE TR T — T 22 2H 0V 70 R SR, T 2 v O R 1 4/ =4k (2D/3D) < s AL A B (MHP )
SR, ARk T ESERDORBHAEFEIM (PSCs) H il T — 4E78 o JE AP AE (2 LA SIPE 1) e, il Py [F]
VERIBCALAERT, S P Ts 7E 23 W) b Bk — 48 R A = 4ERS R0 R AT A, R — WV ARG 5 = 4RI %
PR A SE IR LAY . LRSI A IE B IE N 15, 1R RN B TR R b S Bl 1 2 8o A v L4 2
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M 4EZ . ILJE I PDATZE 2D/3D Z5H43545 1 25. STV S R LR (PCE) (e mi{d 26. 14%), H
FEPH 715 85. 62%, ixXf3aE T CO0/FHERN" S AbIRFR S 5 & BN By Sk i S s AL g 5. )3 5)
) 475 5 2 R T A SIS AT R e It EREASZ AL 5, 000 /N JE AT IRKF 92%HIFT4A 8%, fEIELE 1 K
BF ' R 2% 1 T 34T B R Th R B ERES 1, 700 /NI S TSR BE Q0% FIMTUA R .

A04-184

R IEFHERT A PH BE st iR 6 2 5 RERT 5
KIAE' Bl REA
I FREAMKE
2. T ERL A AR A T S AR ST/ SR I A R 5T 0
VRN — B M HDCREOR, E5ER0 KB RE LI (PSCs) fEId 1 JLAEIRNA AR, AR
MBI ST —AOCIREIAR . SRTM0, F5ERAT MR B 5 AR DL SAE A5 ) 2 e R v 7 A 1)y S A 7
kR, 250%™ ERE FIER MRS & I, 835 RS SRR E . RARsiEiL
FME R Z LA TERGY), (HIXEM R AR . SRR U A S REtE =25 MR, PR
THSEPRN o AFYERMENEEEE RS TR, B B RUE A i s . Hol
R R S5 AR R SR RE L L SO BRAR Y PSCs sRIGBEALA L. AWFFIT R T — RIA N7 A B DAL i
L YR IR R BH RE it A R o e S T A2 U A RN 1) AR A0 73 3l 51N 2 DI RE LT 4 3 HE A BRI 42 45
BRI LR AT AR R, IMRIBGR T AR R s feb AT IR ORI R4, o A e RE, BT
PR R E T

A04-185
P5ERDT K BH B RVt SR THI A e PR 5T
x| Bl *
RIEF TR

PEERIRFRAE I (PSCs) FEATH mACRARMA S, CROCR BTS2 = AOUREAR, EHE
WAL BERER SR e VEBR R £, Hrp AR e E Ty ks . S/ E o B E R MBI T AR R B A e
Xk, HEHESRIERAFar S IERE, ERERNRE, WITEIENX (n-i-p) SFSBEKRA (p-i-n) #H1FH
R R RN R IR 2. B B ER, BATE R 1A RO SN T 17 1 S A R
FH T PN SR, DU D SR AR AR e (R X0 F T 8 E SR . AE AR SRR AT IR T, XA
SRS ) W IV RN E SV SR e

A04-186
High Work Function Large—Area Carbon Black Films as Conductive, Passivated, and Hole-Selective
Heterocontact Layer for Highly Efficient Solar Cells
Lu Zhang, Qing Gao, Jianhui Chen*
Hebei University

Carbon black (CB), which can be prepared by environmental pollutants such as waste tires,
rice husks, feedstock oil, and coal tar, presents an overcapacity phenomenon. Further increasing
the new applications of CB will help alleviate the pressure of environmental pollution. Here,
we employed CB to selectively transport photogenerated carriers in silicon solar cells and broaden
its application in solar cells. When used as the back field for p—type silicon solar cells, it
achieves a power conversion efficiency (PCE) of 22.35%. Similarly, when CB is incorporated as
a component of the p—n junction in n—type silicon solar cells, it yields a PCE of 21.70% Such
high numbers in the first study demonstrate the potential of the CB contacted silicon—based solar
cells. A CB film with such high work function (6.3 eV) is obtained. And the CB/Si heterojunction
can be fabricated using a simple, scalable doctor blade coating at room temperature and pressure.
Large—scale new applications of conventional CB materials in the photovoltaic field help to

realize the sustainability concept of green chemistry.
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HTAFHEREB S TH &=k OLED #3444
X34
T T K%

& JE A N S B AR LASEEL 100% 1 N &7 20%, 2 —ROarm AR eRL, 2 Bird
BLARE =M (OLED) (AR EZMEL. MHILTSE. %S RESEIEARBDLME, BRadail =R
B (RTP) 37 RIHAR A AT R AF R3S, HAT &2 i 0. SR80, ET40A ML RTP 4011
OLED #fF1HRE H A LA N, FER B T =R SmETKITIE. s hEmRK S =%
BB EH S E8, BOTBHER T — RIVHBAEYL RTP 701, FERIHHEG% 7 &tEae
OLED #3F. %%, FRATCL SR %0, M 724G HL RTP 731 3,2-PIC-XT, SEIL T my bR il o
S, HAE AN TR A T2%, BEG A A 2.9 b, LA 3,2-PIC-XT 4> T4 T i A5 e 2e
iy BB RS E B RE EAR RS R B2, 20 S T ik 24.91%. 24.53%. 42.50%
A1 17.79% i RAMEFRCE (EQE), s H i [t T 4G ML RTP #1811 OLED g8 M irtERg. #t—
A, BRAVE LR FhaINBRE T, M7 HEN RTP 201 3,2-PIC-TXT, FIHEE BN T
B R AR . H 3,2-PIC-TXT RAENBALA BRI 2 LR AGE IR 5 (MR-TADF) MKk, il &
7 EQE i 43% 1486061 OLED #3f, SEIL 12U FE{C % 30 nm. (ALFREEIL BT2020 Ak 40t K
5, SEEHERME TS & B BV AV EHEUL T MR-TADF #8344, IER T #if4iG HL RTP 4 F1E &
035, OLED ‘R a4 1 N 17
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BACTREE R 5 5 90K S S8 R T B O R b R AL AT 2
THME W
= RIS RelE P8, 650504 =7 B
X FH B8 BRI R S A2 —Fm] DL BRI B R BH A =Rkl FEFRA MLTS I s R, T K s
PERE AL TR — B A TG B0A% O il . A SR AH LB (g-C3N4) A n] Wotm B . M7 4k 2 14 ot
g, BRI SRS, 2 — PR SRR B TS 71 R S R, B IE R R ER F2 &
AP PR AL RESE T B R 2 . AT IE IR N AR & S B R 45T T & 51 g-C3N4 Btk
SVES, B TEFAN g-C3N4 FE G AT I 1A F AN Fe i 43 BOR AN, A5 HA T 0 AR FH S BH G AN v R I
T BRFPERY g-C3N4 VA B, Ha7R 1 N 2 I A IS AE 9K i B8 Hh B B [RIE F LA, A
NG FE A B 1 O RE BRI F B R, I — IR BTHISR T BAA 05 45K g-C3N4 £ S
B R A TG BLAS, SEI T DA K B ek b g B ARG FE o B R G B A SR S AN R s, 2 HH T e
g-C3N4 2 S 7Y 57 ol 45 (1) 5 8 P SR, A7 BE PR AR 6 RGN K S L 2% (R LA

A04-189
BRI BRFE NS 5 LED HRERT R
Wik EES TaW Y
L FR kR
2. PEIETA R
3. WK
TR, IR R A R MRHE RO —E (LED) S8l AR g . SR
M TG ERE" By A . S S R DU S I ], S EUE B SR R . ERVEE . A RCRARE 1)
(1o #txt BB AGE, AT A SRR, AE4R s Bk 40 B LB (0 B LR ) 2tk E, R T
NINFR TR JRALAME A AR S, B D PR T AR, TSI T 45 B 5 BRI 214 LED M 005% 98
HARM S 1 BATRIGEGERE B AL fid e, /DGR PRIE R 2 Sk E BRI R —. K
U, BATRIR4EA 2 BL AR AT SR AL 7 2 T (s AR LA, 4] 1 Skl SRERANSREE TR, 3RA5 T 41
BHEN 8. SIS ERY 204N LED[1]. 2) IRATE I FsHE AL gk —4eeS ek a5 Myt —4E (2D)
M=% (3D) SAAHKISESBh /15, SEIL T 3D/2D $HRE e PR ANE S o 45 L, BRAIR S Ak PN sk K O [ I
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0] 7O SRR, IR ZL4h LED BIAME TGRSR 11, 6%[2] . 3) BT FR TAE, FRAN
VT W T A5 48 PEDOT : PSS 3 JECN 2 BE 5 ERA VI 4 it B ) (RO RE MR . RS R B, o) R T PR
(PRI E AT IR ARV, TEAME AR Bh &S S FBUE UL R, PEDOT+RH B 7 R0 SR A4 [Sn13]nn—2 [A] (A4
HAEH, SR AZERERNT LT, 5 E NN LR SRR IS . S AT IR IR 2h xS
PEDOT: PSS #HATetE, nI BAR#AK PEDOT+-[SnI3]nn—#H EAEF, 615 LRI Jerit%, ¥ A L R8s fA
SPREFUER R, A AL, IR EQE N 12. 8%IBRIL L AMBERE™ LED, FRKRH a8 1 30%
(3],

27 S -

[1] Nat. Photonics, 2023, 17, 755.

[2] Nat. Nanotechnol., 2024, 19, 632.

[3] Adv. Mater., 2025, doi: 10.1002/adma. 202503007.

A04-190
KRB R G R
WX EE. B EE*
T ERFER AR K

&8 R ERTT (a1 MAPDT) 2 — ¥ M B B SR, A RROGEMRE. SE5RA
B PARAE LG, E5ERA R AR (PeLEDs) fEEAZEFE. A T i YE DL & HAF i 8am il R %
D7l It LS . 4958 TR AR TRE . sREAEEIL . DEHR IR AN R - -7 55 7 T 1)
KM, PelLEDs MIAMETFRCE (EQE) CAMIIARIZ) 1% PudFeAE 25% LA L.

TH B AR~ i R B S5 SEBR S, B PeLEDs IR TR I A o] BRI 4 22 0 2L 240, SR
WS St SR T BN AR RO R A IUBAGTE 77, AFAE K AR S R 32 &) M A & ot ot =4 1) 7 T U i e Pk o A
5B HIRATE KA =20 PeLEDs 7 HIFIBF Ak RS, EARELFE:

1) FEH % KA R PeLEDs ™7 I UL TR . SI NI B sfb L E:, FHFaiaEA
TINEAE R R, Tt TR MR At S e i . Pl 2065 REESLS4F EQE 40 Al 16. 1%5
10. 3%, FFSLHL 28 cm’ BILIR .

2) VR AR S 1 S BLK T AR 16 PeLEDs ™' SR — I AR R, K AE RIS A5 5k & 1 4 (PQD)
MR A YE 52K 8 115, A R FL R )8 18 P S R 3 S B A o i I B R A R
PeLEDs 7E/NHAIFR#EA: (0.04 cm) FSZELT 10. 6% EQE, ¥ RGBSR IhInE S 28 e’ (I KTHFA
.

3) WESBATENSCILZRNE KT AR PeLEDs ™: 3EId A2 L iCIIRYE, (Rt e Saha, AT Ak
B VSR AR . (RN, SR VRS AT SRS S R BT ORI YRR B, A M e R o BE TR
W&, FEWIME S ST E 35 st 2% th RO E 21 R T AR, FER R T 2 (24K PeLEDs IRl 4T14.

EEPUIN

[1] Shenglong Chu, et al. Nat. Commun., 12, 147 (2021).

[2] Shenglong Chu, et al. Adv. Mater., 34, 2108939 (2022).

[3] Guangyi Shi, et al. Nat. Commun., 15, 1066 (2024).

[4] Hui Liu, et al. Adv. Mater., 36, 2309921 (2024).
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FHLTh Rt R RS 4R K PH e BRI R BRIR T30 1 F B 7L
e e
PPN
EERE I B P B B R RSO A, OB R MR T 27%, JRIL BT MR AT . R
SEAT I A B Al ML I ML R 1 D TR 36 22 — S P YR 7 2 (B T s (o
BiRErE . WA B HURTREH. AT . B, BRI SRR, REHI T AL
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HREM R SR AR U S BRI T30 1 2R, #8787 ASER MR ORI . BT R A SE A
WLEE . B FC AR R st — B3R THS R A FH RE i AR SR it — e LR 1R =

A04-192
ELERH K BH B2 Lt o ) SR E AR T 5 R
Hfode, AL
E I ON-4
FE T A S KA AR R R BH R Rt 5 0 JH T8 (R VA ) 5 T2 S i L 2 M ot S A AR
SRS T2 BT, fEE R LA N HOG BECRRE CFE, A CmiIA 27%, AR R
AT SCEAREE AR . SR, E5ERHKBH AR it A [ 2 S A7 72 B B AE S Gk, B A TH
HLA3 10 T AD RT3 AR B K AR e PR = AR 2, AT BEAS AR P AR o B0 IR e o) i, FRATT8E T
KT 2R IHL AL AR B e 46 T2, #il4n Sn02. Sb #4% Sn02 (ATO). Sb20x 2%, k& MHilL
FIEE I S8R P S A, NP2 5 BT K BH B8 FEI I R AR e 1k

A04-193
SACF AKX =R S st
4 # "> David Tilley’. Michael Graetzel’
1 RIBXRE: (%)
2. IREAE R
3. I FRIKFRIE LR
FALTEAR (Cu0) PRIHAETRRR . & Bk LA ROCRIRE ), B0 AR B BT SO K
FECEARRALRE . SR, FLAE SERR R v i 2R 7 2 5™ B A E M A W, IR 1 O A A S e 4R
RE— AT B P, JATTR FH FAGE AT 4 e 46 BT Cus0 DGR, I A S T2 SRR i
TR ER G AL, SIANT AR ZETTRAT, BERECHIROC A AR . A5 LLR 324G
W 1. E SR FEE S, A DK I3 ot IR A A T, 76 0V vs RHE NGRS A F-8. 6 mA/cm’s
MR, EACIEASE AR AL ) Cu N FEEE SEREH G 2. SIANAHLE AL AL Spiro-OMeTAD
P e PR A5 S, B3 DCE A R S BRI A AT e A 3 7. S 6BIRAE 0 V vs RHE F
ST B -10mA/em’ FORRSE G FE, FLYE 0. 6 V vs RHE I 3R15 T 4. 20 B AR BB K BH A6 il ZL(STID
HAL AR . RGO IR O L A S HPUIE E TB, B 7 A B M E R EOR TR A
AT+ ST FLART 70 128 R T THI B SR BEAE T o AT 78 M) S v 0 A8 O AL M AR DY P R Ak 3R it 1 4
HONAEDT & Bt AL K I RBOR B R SRR AL 1 FE 5 SRR ST HF

A04-194
PO G T2 Bt R FEOGIR AR 2%
Tk Bk
HEMIR A 225 B, FBH, 450001

Y P T 11 42 8 ol A7 DR LA S RO PR S5 A P B R R o ] TR P A T 52 B3 i . Ak, ik
B N AR TACYE S & s A 25 40 -VE R TR R OC RN 2 R s, BISIRE S8 i (st Bkt 7 7 RETE
R TR B P s A A R ROBE R I i 3l 0 R TT R T RGN BERIRIE 78 o I8 51 N B RE XUk ) B T s 1) 25
IRYEFS BT Bl AR TR AR, A3 R 1 & BRSNS 5] N R AR ) 45K 4 < e i AL
Ve, BT IR T BOR AR AE R L RS . 8 5] N LIS N7 f IS 4 42 8 o Ak 4 v e 25
BN 1%, A RANHM n A8 IR THIRYE S 8 s A m 1 o 51 PRI A A e 4 SRRKSE R R 55 4T Al 1 I 4 <
J& KA T AT, A RGRTT TRGES 8 ) LA ED G R M e SRS 1
RPN
[1] Y. Zhang*, Y. Song*, et al. Nano Lett. 2025, 25, 7943-7951.
[2] Y. Zhang*, Y. Song*, et al. Matter 2024, 7, 3500-3517.
[3] Y. Zhang*, Y. Song*, et al. Adv. Funct. Mater. 2024, 34, 2311135.
[4] Y. Zhang*, Y. Song*, et al. Adv. Mater. 2023, 35, 2301232.
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[5] Y. Zhang*, Y. Song*, et al. Angew. Chem. Int. Ed. 2023, 62, €202217910.
[6] Y. Zhang*, Y. Song*, et al. Chem 2022, 8, 2939-2960.

[7]1Y. Zhang*, Y. Song*, et al. Adv. Funct. Mater. 2022, 32, 2205289.

[8] Y. Zhang™, Y. Song*, et al. Nano Today 2022, 43, 101394.

[9] Y. Zhang*, Y. Song*, et al. Advanced Materials, 2022, 34, 2106822.

[10] Y. Zhang*, Y. Song*, et al. Angew. Chem. Int. Ed. 2020, 59, 6909-6914.
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I faE RIE RS I T B IE T DR 5 R AR BT R
R e
HL RO
JCHM RS SRR R R B 2R B E S 2 HARRIUI R R, 8% ZORMBHA D ST T Z M

2R, PR FE U s E SRR S AT SRR ORITEAR R BIRATF A T 1 A H 1 A
HaftrmrlEm g atimiEE N TERSCETIRCT 6 o %7 I SRR 2= IR 55 4% il B S E
BRORERE. A EREE, W 7B SHBh- 8 AT - E A -AT BN 1 e AR R A
Fo Z VRN OHEERRIL 104 B SRS TERENIX 10°, HdEadriEEnTik 10400 .
BTz G, BATRIhIIL T b HARE A S AR G R A . $5ER0 L IRl P RE Rk 152
T, DAL ARG T ASC P vk BE F A o A SR A IRAIE T v vl 45 v e R S SR A O AR Db, e
TINSEE T R SR AT A 7 T A R B AR AR

A04-196
AR IGR AR SR TE R R
EF
EMKRFHFHFAFMRABRFE R
VAERREGFUFLEEALRE
5 it KA AE FBIBAR B, VUK BE I AT U e ISRPEEIRI & Bien . PR LR e

PLF ISR AR QIS A YUK BE SRR TR 8, H AT s e E A ek C 4l
T 20%. AR LB F AR TR T EAORL B SO AR R SR R O T ) LA . @ ARt
TSR R BRI A MUK BE R, A HURFH e Bl P AR 7T, i i N R RV s JF Sl 1 IR
L, 3T MR- A R Y F - R R H ) A O

A04-197
FHER K BH B L A 5T A L) BEAT LT 5T
XL
SN

ANFTALGE R B AR 1N-V BOGRA R, RO TR ES R K RH RE r il & R 2 S, R e a2
Tt AR FR) ST T s T R o X S BRI 2 0 8 1 R FEU R B RGN RE VB AR AN RSN o D 1 i DRI 6 ) AL
It WARTHESERT e R BT TEREA RS EE, AW R A TE M T n-i-p A1 p-i-n 5K A Bk IRESAF
R LD REAT RS AN TS . Gl 27 AR TT i, JRAT DO S T A o 5207 SRR PR . BB AR A%k DA B St i
SRAPEREAT RS, BN RESERY DGRV Z A2 RS AT R E PRI E 1, RN $2 e F I 2 A L 2
PO o X e P S AU RO S T AR OGRS AR G e, IR BRI T HOBHERE, N
BEERAT K BH e HL I R IR 2 PR AR SR THR Bt 18 i D S
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MFUH SR S, 5 RIS 5 W B bR SR TS A 7L
TR, E&IT, ik, BRASC, kiR
FEARH TR R MR R 5 TR0, TS BB S 38 E 3 LR RO, 1 7S MR RO R E AR =,
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SR A B L BIR BRI B A 1) 2% R/ AT AR DK B e HL it (MPSCs) B R 1t s il 46 2oy OARIG
EEZNT, RO RN AR E . L1581, MPSCs =2 FLE5#IT L AP A5 Bk R 1) = o B 4
Ay R — SERRAR, (A I E R VIR A AL AR i 2 JER S T [B] P RE R DL AR 46t 2 S B B B 2K
73 MPSCs 1) fe B MR (PCE)A fdt— 4T AR BEISe - FL 5 Bk W 45 & 2 5 MPSCs ik
S RETIT o FENFLAP A BN RS Fl 7T, A BIRA 51 N ER R L (PACH) 1% Cso.1FA0.oPbLAGERA™
S &, PSR R LR N S5 ol RS, SEIA L S R IR B A SRR AR K,
i PACH B AT LLAIAL R ECAT Po2+55 61 . I 4 PACIH 4211 MPSCs [¥] PCE i& 18.06%. [2] #E—51ik
2 IR XFENE /N7 1 (DCDA)BIE54KH 1, DCDA S45EKERer A skl BAER, 2 11 45 & A%
5 A KAE RN AR B, i 442 DCDA 211 MPSCs 5281 19.12% (1) % £ PCE . [3]%f % MPSCs
JEG I Ak PR 25 B R 15 3 B A M B A0 RO — SRR R L, A 4] BN H — e A T UL T R e A SRS
KRB MU(GUASONE MR S I AEM7, it SO2 5 Pb AH G HREA I BLA: T H R BC &4, GUA SHIK
YEPSERYT IR G, A S S R RIS  IRALBEZHED, {71 VOC #1170 mV, & %A 23T+ MPSCs
) PCE. [4] b3R5 A4RTE MPSCs YEREFR (L 1 RIS 1) 77 iR AUE B 70 JE 2%

JRBRE]: AUUESERAT KB RE I, 4T, JRIIE, BRAERKR, BRI

EE DTN

[1] J. Liu#, X. Chen#, K. Chen#, W. Tian#, Y. Sheng, B. She, Y. Jiang, D. Zhang, Y. Liu, J. Qi, K. Chen, Y. Ma, Z.
Qiu, C. Wang, Y. Yin, S. Zhao, J. Leng, S. Jin, W. Zhao, Y. Qin, Y. Su, X. Li, X. Li, Y. Zhou, Y. Zhou, F. Ling*, A.
Mei*, H. Han*, Science 2024, 383, 1198.

[2] J. Wang, D. Wang*, Y. Zhang, Y. Chen, T. Huang, W. Zhu, Z. Zhang, Y. Huang, J. Xiong, D. Xiang, J.
Zhang*, J. Mater. Chem. A 2024, 12, 17203.

[3] J. Wang, D. Wang, D. Xu, Y. Zhang, T. Huang, D. Zhang, Z. Zhang, J. Xiong, Y. Huang, J. Zhang*, J. Mater.
Chem. A 2024, 12, 33595.

[4] D. Xu, D. Wang, J. Liu, J. Qi, K. Chen, W. Zhu, Y. Tao, Z. Zhang, A. Mei*, J. Zhang*, Small 2024, 20,
2311755.
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I T BRI 7, FEEE RN E AN AR R s A S K B A HL b s oA I e (1 R e
R, (HRSF KR EE S CAMUESRK T EAMATENE, B AT E )
ISR 2976 R AL R R o ik il Bl SR PR e s AU DS AR AR R B et . s &6, PRRR M
P2 X 2 ThRE G AT RSB A SCHIE 7T, Wt IR R e RE . miAs e S5 AR A RL SR e RE TR IR HOR, TR
PRI S FR) 2 DhRe G N BT, SR R AR FE DGR At . Dl FELER A% 1B At RAZ PHL 4 S5 U I
iR
SR (5 R LA
[1] Yumeng Xu, Xing Guo, Zhenhua Lin, Qingrui Wang, Jie Su, Jincheng Zhang, Yue Hao, Keke Yang* and
Jingjing Chang*, Perovskite Films Regulation via Hydrogen-Bonded Polymer Network for Efficient and Stable
Perovskite Solar Cells, Angewandte Chemie International Edition, 2023, 62, €202306229.
[2] Boyao Zhang, Zhaosheng Hu*, Jie Su, Zhen Gong, Xing Guo, Xiaoging Chen, Yingguo Yang, Zhenhua Lin,
Liming Ding, Yue Hao, Jingjing Chang*, Inhibiting lon Migration and Stabilizing Crystal - Phase in Halide
Perovskite via Directly Incorporated Fluoride Anion, Angewandte Chemie International Edition, 2024,
€202413550.
[3] Yumeng Xu, Zhenhua Lin, Jincheng Zhang, Yue Hao, Jianyong Ouyang, Shengzhong Liu, Jingjing Chang,*
Flexible Perovskite Solar Cells: Material Selection and Structure Design, Applied Physics Reviews, 2022,
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T E5ERT™ R PH FEL AR R 1A O 5 T AR S

s, EEL . AFA. Bk L. BT

bigAZiE R
AR A HFIRNIR IS ST IE M S UG BRH™ K BH FL AR 8 PR A 5 TR SR o A6 1B A BRA K RH Rt o,

I B B R R T A A T R R PN i B, SEEB 1 R IR RIS BB T RR Z A RS . X
AR FE DX R T R I AN 3E 1 X 31 1 R AR, SR B R A T I A%, AT e 1 R
R e FE RS RBH it s T, FATRM TR T RIS & 7 R eI 8 M5 B R A
WHHIR, T BRI T IR E B E o IR A/ B PR P 0 7 i ) 0 JER R TR B3 308 ) 5 S B R B
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solar cells
Min Zhong*, Ruzhe Gong, Lei He
College of Materials and Chemistry, China Jiliang University, Hangzhou 310018, P.R.China.

Despite the remarkable thermal stability of inorganic CsPbI2Br perovskites solar cells, their practical
deployment is plagued by severe interfacial non-radiative recombination and black phase instability at room
temperature. To address these challenges, we designed a novel multifunctional interfacial modifier
1-(2-Amino-5-bromophenyl)ethenone(2A5B). In this study, the interface of CsPbl2Br perovskite/Spiro-OMeTAD
hole transport layer was modified by 2A5B. The effects of 2A5B modification on the morphology, structure,
optical absorption properties, defect density, carrier lifetime, hydrophobicity and energy level of CsPbl2Br
perovskite film, optoelectronic performance of the devices, and their mechanism were systematically studied,
which were rarely reported. The oxygen atoms in the C=0 groups of 2A5B form coordination bonds with
uncoordinated Cs+ ions, while the nitrogen atoms in the -NH2 groups coordinate with Pb2+ ions on the surface of
CsPbI2Br, passivating interface defects, modulating interface energy levels matching, and thus inhibiting interface
non-radiative recombination. Simultaneously, the hydrogen atoms in the -NH2 groups interact with surface free
I-/Br- ions of CsPbI2Br via hydrogen bonding, suppressing halide migration and stabilizing the perovskite
structure. The efficiency of the device modified with 4 mg/mL of 2A5B prepared in an air environment with
relative humidity of 50% increased by 51.08% compared with that of the unmodified device. And 4 mg/mL 2A5B
modified device could maintain an initial efficiency of 70% after 40 days of storage at RH 50%, whereas the
unmodified device only keeps 20% of the initial efficiency. This study provides valuable insights of designing
interfacial modifiers between the perovskite layer and the hole transport layer, and the photovoltaic conversion
efficiency and stability of the all-inorganic perovskite solar cells were improved in a highly humid air
environment.

Keywords: 1-(2-Amino-5-bromophenyl)ethenone; Interface engineering; CsPbl2Br films; CsPbI2Br solar cells;
Non-radiative recombination; lon migration
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FHHH T R2  The Hong Kong Polytechnic University, Hong Kong

The interface contact in perovskite and organic solar cells is a critical factor that significantly influences both
the performance and stability of these devices. It serves as a conduit for charge transfer between different layers,
which is essential for minimizing recombination losses and thereby enhancing the overall efficiency of the solar
cells. A well-engineered interface ensures that there is optimal energy level alignment, which is crucial for
improving charge extraction and transport across the device. This not only boosts efficiency but also contributes to
the operational stability of the solar cells. Moreover, the interface plays a vital role in the longevity of the device
by preventing various degradation pathways that can occur over time. Degradation can severely impact the
performance and operational lifetime of solar cells, so a robust interface is key to maintaining long-term
functionality. Therefore, a deep understanding of these interfaces and their optimization is essential for advancing
solar cell technology and achieving higher power conversion efficiencies. In this talk, we will focus on discussing
various contact modulation strategies employed in perovskite solar cells, organic solar cells, and their tandem
applications. These strategies are designed to enhance interface properties, thereby improving device performance
and stability. By exploring these approaches, we aim to shed light on the latest advancements and future directions
in solar cell technology.
Reference
1. Y. Han#, J. Fu#, Z. Ren#*, ...Y. Yang*, and G. Li* et al. Nat. Energ., 2025, 10, 513-525.
2. Dongyang Li, Ruijie Ma*, ...Jun Yin, Zhiwei Ren*, Gang Li* and Chun Cheng*, Nat. Commun., 2024, 15,
7605.
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Highly stable perovskite solar cells with 0.30 voltage deficit enabled by a multi-functional asynchronous
cross-linking
LIU Kuan
The Hong Kong Polytechnic University

The primary challenge in commercializing perovskite solar cells (PSCs) mainly stems from fragile and
moisture-sensitive nature of halide perovskite materials. In this study, we propose an asynchronous cross-linking
strategy. A multifunctional cross-linking initiator, divinyl sulfone (DVS), is firstly pre-embedded into perovskite
precursor solutions. DVS, also as a special co-solvent, facilitates intermediate-dominated perovskite
crystallization manipulation, favouring formamidine-DVS based solvate transition. Subsequently, DVS-embedded
perovskite as-cast films are post-treated with a nucleophilic reagent, glycerinum, to trigger controllably
three-dimensional co-polymerization. The resulting cross-linking scaffold provides enhanced water-resistance,
releases residual tensile strain, and suppresses deep-level defects. We achieve a maximum efficiency over 25%
(certified 24.6%) and a maximum VOC of 1.229 V, corresponding to mere 0.30 V deficit, reaching 97.5% of the
theoretical limit, which is the highest reported in all perovskite systems. This strategy is generally applicable with
enhanced efficiencies approaching 26%. All-around protection significantly improves PSC’s operational longevity
and thermal endurance.g inverse engineering problems for electromagnetic waves, thus allowing various related
technigues to be achieved.
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Passivation. Adv. Funct. Mater. 2025, 2425979
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A04-221
Graphene oxide doping for highly efficient carbon-based perovskite solar cells

Yudi Wang*
Dalian University of Technology

Carbon-based perovskite solar cells (C-PSCs) processed at low temperature are gaining
attention due to their enhanced stability and cost—effectiveness. However, these benefits are
typically offset by inferior device performance stemming primarily from inadequate charge
transfer between the hole transport layer (HTL) and the carbon electrode. Herein, we introduce
a novel approach utilizing graphene oxide functionalized with carboxyl groups (GO-COOH) to
efficiently dope the Spiro—OMeTAD, simultaneously facilitating interfacial charge transfer and
immobilizing the Li+ ions, thereby improving device performance and stability. Mechanistic study
elucidates the valence electron transfer between GO-COOH and Spiro—OMeTAD, as well as the
delocalized electron of GO—COOH enables the p—doping without oxygen exposure and establishes
a strong n-=n conjugated HTL/carbon interface. The formation of Li—-C bonds allows the fixation
of mobile Li+ ions for enhanced device stability. The resulting C-PSCs achieve a record power
conversion efficiency (PCE) of up to 23.7% (certified: 23.08%) with exceptional operational
stability. This work remarks a significant breakthrough in improving the performance of C-PSCs

processed at fully low temperature to catch up with PSCs with metal electrodes
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A04-223
Modulated dual photo/electro luminescence via molecular engineering of Ds—A-Dw type TADF
materials
Ganesan Paramaguru, Gao Peng*
Xiamen Institute of Rare Earth Materials

Organic molecular materials capable of dual photoluminescence across the entire visible
spectrum offer exciting prospects for lighting and display technologies. However, designing such
systems and applying them to dual electroluminescence organic light—emitting diodes (OLEDs)
remains a significant challenge. In this study, we introduce a series of D*-A-D" type thermally
activated delayed fluorescence (TADF) materials, incorporating carbazole-based weak donor (DW)

units into a phenothiazine (PT)-based strong donor (D’)-acceptor (A) framework. This approach
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yields four distinct molecular structures: p—CZTRPT, p—OMeCZTRPT, o-CZTRPT, and o-OMeCZTRPT.
By leveraging substituent and isomeric engineering, we systematically investigate how D" units
influence photo— and electroluminescence properties. Key findings include: The short wavelength
(SW) emission band (400 - 500 nm) predominantly originates from mixed ® — = transitions* on
PT-phenyl and D' units under low concentration conditions, rather than from the previously
suggested quasi—axial PT conformer (QAer). OLED devices incorporating 0.7 - 1 wt% of p~CZTRPT and
p-OMeCZTRPT as emissive layers exhibit dual electroluminescence, achieving some of the highest
reported EQE values for PT-based materials: 7.60%/17.35% and 11.59%/19. 74%, respectively. The
role of QAp in governing SW emission is limited, whereas strategic substitution and isomer
engineering of DW units effectively modulates both photoluminescence and electroluminescence
at the molecular and device levels. This work highlights the potential of precise molecular
engineering in tailoring emission characteristics and optimizing white light generation for OLED

applications.
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A04-P06
Mitigating Perovskite Precursor Solution Degradation and Enhancing Device Performance via
Anion— 7 Interactions
Tianyu Sun=
Huazhong University of Science and Technology

The commercialization of perovskite solar cells (PSCs) faces challenges stemming from the
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poor chemical stability of precursor solutions and device operational instability caused by

material degradation. The fundamental cause of precursor solution aging is the deprotonation
of organic cations within the perovskite, leading to chemical degradation and deviation from
the stoichiometric solute ratio in the solution. This work introduces
1,3, 5-tris(trifluoromethyl)benzene (TTB) as an additive into the precursor solution. TTB
functions by anchoring various anions via anion - T interactions, effectively suppressing the
MA* deprotonation process. This mechanism inhibits solution aging and concurrently improves the
quality of the solution—processed perovskite crystalline films. Devices fabricated in an n—i-p
structure using a freshly prepared solution achieved PCE of 25.21%. Remarkably, devices made
from solutions aged under industry—standard accelerated conditions (24 hours) or ambient storage
(6 months) retained PCEs reaching 97% and 94%, respectively, of the efficiency obtained with

the fresh solution.
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[2] Y. Zhang, Y. Chen, Y. Liu, Y. Cai, Y. Liu, C. Wu, J. Wang, Z. Zhang, D. Wang,
J. Zhang, Small 2025, 21, 2410856.

[3] W. Xu, Y. Zhang, Y. Huang, Y. Tao, J. Wang, W. Liu, D. Wang, Z. Zhang, J.

Xiong, J. Zhang, Small 2025, 21, 2407063.

A04-P12
TR PREE RS TR T R R RE 85 BT K PH g R B S R B AR

87



h A S 2025 P04, KBERERTELS B

HEA. Kbt

BOBUR 22 2 B
Self-assembled monolayers (SAMs) have been widely employed in high-performance inverted
perovskite solar cells (PSCs) due to their excellent hole—selecting capabilities. However, most
researchers suffer from the periodical non-reproducibility of the SAMs based PSCs even in a
nitrogen filled glovebox for the complex and changing chemical atmosphere. But rare researches
reveal how the ambient vapors affect the SAMs for efficient PSCs. In this work, we systematically
investigated how varied vapors in a lab atmosphere affect the SAMs, exhibiting that most common
vapors such as water, acetone or isopropanol do not hinder the SAMs performing in PSCs, except
volatile acids or bases. Moreover, the dimethyl sulfoxide (DMSO) vapor is found to be able to
dissociate the SAM micelles and form a dense SAM layer on substrates, due to the strong bonding
between DMSO and the methoxy groups of SAMs. The DMSO vapor modified SAMs lead to more compact
buried interface and notably suppressed charge recombination, which increases the efficiency
of PSCs from 24.17% to 25. 18%, compared to SAMs fabricated in N2. The DMSO modified SAMs based
device also shows enhanced operation stability under one—sun illumination, maintaining 90% of

the initial efficiency after 800 h of maximum power point tracking
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