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FJAAALAE W oHAE A7) AHAIR HSstAY 7] of|A]E H olUA|2 HET 4= e HA
AApo|t}, B4R FAAAALR = Bl AR, WgTio| &, BHE7] B0l JleH, dlufA], gaEo], B4,
9|8 5 TRt FopollA E8Ea Q! F4 deto|s B2 B ATIo|E(0]5) HZHEATIO|E) = ABX;9)
ARFZR(AT F/57] 17F gol2, B: 94 271 gol2, X: Fepo|& 17} 30|2) & 7KW, T2 A Ajoll=
methylammonium(MA "), formamidinium(FA*), Cs*, B AFgjoll= Pb**, Sn?*, X Atgloll= CI, Br, I” 59
o] 0] A3t} F|REATIO|EE 45 FAAA BT e 24 &olA, F2 U vHAE 52
Hieto 2 thofst g7 AtAaRtol] S-80] 753 AT PEA] AR Zgaba Qlek? ol & Bof, HEEA
71o]E E|AA]= NREL HIYAR] &8 XE 7|& 26.1%2] FAHSEE -8 (power conversion efficiency)
AJsto] 712 T AP E BgHA|9) Ha §:8(261%) 3 e £50] EEFon HZEATIo|E-ARE
U YR FHARTEE 339%S DAISH AESHE YRtk 2B AT E Hgrio]e B
9JRLYAE & (external quantum efficiency) 30%5 BABII oM, 2 MEE S 7|¥ho 2 REC.2020 MY
7188 WEAIZ 4 3lof AAY gaZd o] ax1=2 Faict®

HZ2EATIO|ES] oUA] HIE 2 2 F-Fdtols en|g Al o5 ZAAEH, oufA] &7t
TELE of i A] W= jof] 9]x]ete 2 sl =78 W(sub-bandgap) AYEH = (density of states) 7t SA] Eof 943+
FRAA A4S Hehs 2o deA] QIut’ siANL s2HAvto|Ex o] 24 o R A o] ALofA e
GollHA|, H, 7 59| Q40| sl TRt F72] Aol F/dE 4 ) olFA F/dH A2 mlrE2TlolE
HHEZN Ul B35 F9)(trap state) F/d& B9t HIE3A] A28 (non-radiative recombination) & ©F7151o]
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222 University of Chinese Academy of Sciences®] Jingbi
You nl4H |2 HATIO|E Hhal o) Bazsh= A
Alotst7] A3l G71 AEAF S22 trioctylphosphine oxide
(TOPO)E =Yat3ict” g A7 TOPO AdFo
Astg FAHH oz Jr&sto] AAE (exciton) 2 E A
si3iom, olE Fofl HZEATI0|E WgA| Q] g AAS
(radiative recombination) E4Jo] TES FRIsHATH
(O 2a).
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Perovskite

Energy (eV)
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c/l [ )
¢

Surface passivation

Improved electron injection

.7/ SPPO13 o 2 4 6 & 10
° Luminance (x10* cd/m?)

Defect Passivation

HTL-based PSCs: 20.7%
HTL-free PSCs: 13.3%

33 2. (a) TOPOY| HZEATIIOIE HH Z5H THAH|O|M.' (b)
SPPO139| EP 25 mjAHo[d U SHME oRAEE " (
THPPOQ| B 25 THAIH|OIE L SHefEl EfQfH| Huwsiss. ™

YEsHA sto] H|ZEATIO|E UPTHo| & AAf] &2
BRI &(22.3%)F A= (190,000 cd/m*)S
TRASIATHE 2b).

Q. 3ekEo] =9l HzHAvlolES] W3 U AY
Aoz 7hsoitt B AFEE tris(5-((tetrahydro-2H-
pyran-2-yl)oxy)pentyl) phosphine oxide(THPPO) & =5t
ZATHS AloI5tATh M Lewis-base?! THPPO2] Wtk 182
HlEiSE Ph* AShS asbgoR sjao]AT 4 glom,
0]& B3l n-i-p & HEEATIO|E EFHR] 9] Friwgt
FE8S 19.87%91M 20.7% =, A24%4Z(hole transport
layer) @l S2EATIOIE BlFAR] 9] FHAHARES
5.84%01141 13.31% & FFAIZHTHIH 2¢).

AgTHE}aL ofef - 1482 benzylphosphonic acid(BPA)E
7R AF8510] 2B ATIO|E-BPA o] (core—shell)
TZRE FRATCEN AAES HZEATIO|E Fojo
FybA oz &3t 47HE BPAE B2 B A0 E 9]
HlElSIE Pb** ot Agsto] EY WEE AA AAAIF
ol& &, T Hi¥H 54 s|2HA7}o|E ¥griole s
% a1 pF0| RAIRER(28.9%), F1%=(473,990 cd/m?),
A= $H(100 cd/m? 71% 31,808A17He] g ¥E)) &
YERIATHHE 3).
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2.2.2 MxIY H2HAIO|EQ| £QI

A (2D T quasi-2D) HEZHATIO|EE 3D HZHA
71olERT =& §A] ofl4A](formation energy) & BIEO2
Q3 Aok QYA S ZIRILH w3t a g PEAgEoR
F2 AFEEE 3D HEEATIO|ESL AUV ThE FF
aAo]7] ol AgAo] AAZ && Al 3D HZEA
Fo|E Q] FUk, A S A AsloHA] && 4= Tt

H AGeEl 2 33 MAPbBrs A 880l benzylamine
(BnA)& #71sto] 3D-2D stolEE H2HATIO|E
WA S ST SAEAR] BrAs 2B AT O|E
A U MA™ e Ao A4-8-2 B3l &A= protonation)
a1, FAIASE © BnA*E 3D-2D stojBEZE HlzBEA
71o|E A& 7155 Stk 3D-2D slolB|E HgBE A
7101E AA} U BnA = MAof] HI5l &R Y2 51 AFfes
71A17] wiizol HWagA| W A%k 43} o] ol5S RipHeR
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03 5, (a) &4-5t 3D H2EATI0|E giakat 3p/2D H2EAII0|E
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T3 B A2 BnAl(benzylammonium iodide) & 3D
2 BATO|E Y F ARl A Esto] A7 2745t
(self-crystallization) ¥ 2D H|ZBEATIO|ES FAA|F]2,
0] 3D HlZ2HAYI0|E T wjiHoldZoz S83igict Y
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o5l H|2HAT0]E A Q] SR80l 19.75%C1A
20.79% = Y= on, 27|88 7| H] 80% =9 74
AIZHE 100417 O|gtof| A 600AIZE oo 2 Z7FAI AT

olAd, AAY WHRZHBAIIO|ES] ElL QR 3letE
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(face-sharing) JE o2 %= 2H7F Qlth 3C= 49
-phase® &2 FHAA E4Jo] 43t ¥I'H, —phase?]
2HE A3 AR B4 UER7] wiEel 2HS] B4d<
At} = AL EO| T HauE|QITh( 17 6).20%
B IG1ElS FAPDI;9] 3C A THIA|9E =8 2R} AThAd
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