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Fig. 1. Basic structure of PSCs in (a) regular and (c) inverted configurations; (b) crystalline structure of perovskite materials; gener-

al energy band diagram at (d) short circuit and (e) open circuit; (f) main contributing factors in the degradation processes of

PSCsl.
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Fig. 2. General charge-carrier processes within a PSC: (a) Carrier dynamics processes; (b) corresponding time scale of the celll®7.
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Fig. 3. Structure of the ABX;: (a), (b) Standard perovskite structure; (c) structural changes caused by the twist and rotation of

BX; octahedron; (d)—(f) destruction of perovskite structure by too large A atom?.
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Table 1. Ion activation energy of the perovskite

material.

ikt HEBET Ep/eV ik
I 0.58

MAPbI, Ph2+ 2.31 [47]
MA+ 0.84

MAPbI, I 0.19 £ 0.05 [49]
I 0.1

MAPbI, Ph2+ 0.8 [50]
MA+ 0.5

MAPbI, ! 0-33 [16]
MA+ 0.55

MAPbI, MA*+ 0.36 [18]
10 0.06
I 0.08

MAPbI, h \(/e?/ b) g(l)z [21]
Vi 0.09
Vi (e/h) 0.15
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Ak THTA ) H B AR RE 2 X 5 1 i fep i s
(A B AR B, 7 S IRl 4 B K M fie 2
PRI, TE R It 2 B R B4 00, 5
5 BEames %5 V7 il Zhang %5 53] & 1 1) 57 i S A5 14
ARAHL.

.
u Perovskite y
—

Increased
external field

External field

Decreased

1 : IE:
MRENOVSkcTte: i external field

External field

External field

K4 BEEHET PSCs WHBMIRE RN FFRR  (a)
(b) IE T HEHE; (c) F(d) s ImEH; Hrd (a) 1 (o) A% IEE
TFIERATH, (b) FI (d) % BB FiLBAT R0

Fig. 4. Schematic illustration of the ion migration: (a) and
(b) Electronic band structure alignments of the PSCs at a
fixed bias under forward scan; (c) and (d) reverse scan; (a) and
(c) without, (b) and (d) with consideration of ion

migration!6%.

Tress 55 P HLER Y T 2B Bl EUAR, i1
5 H B TN SR AR A A 1) B T Ak W) B e A
5 HL 7008 SR T LT B VR P, 2 5 T L Ay 1Y
WCEE R It 4 R N iR A 5 e, HLXME
M AR R A AR EL 2 A, (0145 SR 0 7 () PN
FEL 3 S TR T F P 4 TR | 7 1) R e ) B DY L
Tn i, X T J- VS i e R R R Z AR
THA RN 3R LS. Domanski 45 P70
ELSS B A BEUERT T, g REAE 1—100 s FY B[]
FRUBE R A 3128 AL )2 ST, B A A s ) 38
K, KRLES FUL = TR G B™ 5. FR
B2 A, AT K % BH 5 -3 B il 1] 415 ]
91000 s, {H A P 215 1 B e s v fiE 25 55
L2 — A B TR IS P15 B W PR fE.

fe i Sanchez %5 61 &3, PSCs #i T & &t
BAAERL 2P R RIZ SRR, 55— A

R R T MARIER 218 ) J ¢ £ 28 S
5% . fRE T % TRPL 25 R AL 7iE i 3% T 1A 5h
R R B 2805 Pt 8] RUBE N 18 3l ) 27
PRSI 6263], 1 %5 B7 3@ 1k TPC, TPV FELE
TR R, BT 2k A e R i A 1e) REE
PSCs B Ji B 52t A0 0 1 % A 7 A0 A st ) R
TC DS () 248 58 5 3 1 2 B8 g ok R AT fi B
IR IR. Unger 55 P9 W BE B A 4 1 B8 712 R
FAI 12 B 32 A3 e i RV RS ) B R R
il AR P ol 4 AR 12 1 4 i B 3 mT LAAS B LT T
G P LR R, (H AT BN A R R, R
PR A REAL THERRAS, BRAS B 23T T B4 vk
AE. BLAh, AT ZFLEH (& TiO, Z4L)2) M
ghEEF (ORE TiO, Z4L2) Ryt H, BLHAfg T
G 55 H ) 2 fish A T A AR R G &R . Choig: 180
KA HE TiO, Z FL BN I 25 70% 1) MAPbDI,
rn A 5 AA v EE L, AT S i I T M, aX
AT LA R FLAE R 110 R Tt A B 77 5 1% i 255
5Bt A, Kim A1 Park20) 3 i —
B A AR B T 0 B R IR 3 ok 5k P el ) o
FErE, N Si H R PSCs B9XTHEHR, B 55 5] PSCs
SCHL RN i IS, A 122 UH (3) Rk

TE A S BRAY Rs PRR :
dv dc
Ic = Ca‘i’vaa (3)

Hp o Fon B8R R h IR IE; ¢ Rk Tk
RN, dv/dt FRBEERER; de/dt Fonik
FRHLZS BE AW R AR AL R LRI R A R A LA,
JH A 24 455 F b A 2R ) IR R 22 A1 R Tt P R L AN
S, B —A AT DR S s o A sk 2
P, BLHZERZ IR T 0 A S L 0 FL /D,
LT, E ARG LR A, XFE ST —&R 5k
A= LR LA 25 IR S A7 AE BT P, AR, J
I I S (R, H s P93 DL H 20 2R A7 1)
H e AT RE LA A 3t B8 2 A L B, X fif
5 PSCs 1E S0 H BRRE T Bl 4.

ZEAT Y HT RS SR T LA K B S T AT
RS IV 114 57 i 370 1 B PSCis By H 5 Mk 1) 1 i 58500
N FHECH Tz, B A VR 22 IR R I, F an
B EBAT R 18 3l g 2 s R ] AR ) R
RN BRHT, DA AT R ol e G L I R R
A NG, XL XTI BR B ] PSCs HIREI L
IVEESEIC S
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3.3 SSERWHIERYDOLE R /1R

Bt 5 %t PSCs RIS ER A W BT HL PR BRI 52 1Y
TR, WE5EE Bl &I T 1830 1 Fad B FRE A 258k
W R D G AR 1464 RSS2 RE i #54k
W 2R 952, Leitjens 45 169 WL 24 4 n
HL IR FHAE USRSy b i 2 2 B bt BT A
H BT E1E5E T g H B ZEOE K . Chen 45 166) ]
SVE M b A 3% S0 K iR B R R R DG
Bk, M1 PL A TRPL RAFE T MAPbDI, # Jii
MR R, RIAEMGREDE (0.013 W /em?) i
SRR, BRI EL A T RS Bl B AR,
PR Fr G5, ORI KT (0.25 W/em?)
B M S SRR R, RS A A
JE SR

R 22 T AR S0 TN i R B 1) o &2 45 ke i R
B R AV ERET RO RE R =2 [ Y 5 3R (66-09),
Sanchez % 61 W £<F| PL A58 F10855 -5 MAPDI,
TR £ A 2. Jacobs 45 BY 284 | TRPL
FAE T ARG B FP MAPDI, (418 5h J1 27
AT RGO IR AR L R, AT AR 3 —
BN I B O N B ] 7 - VAN S 2 B LAY ]
W AR SN U 285 Ay TR P P B AR A, T AN AT
Y Bk 25 9¢ 6 Je B IH R F B 32 % . Mosconi 4 21
PE R S O] DU R HER 25 7 ORIBLES 7 (Frenkel
XF) B A, X 25X A A bl i T g fil
5 PL BY5R RS K. Birkhold %5 b4 i1+ PL/TRPL
AR SCRE AR (scanning Kelvin probe
microscopy, SKPM) B EL, 48 AU 5 [
) MAPbL; H 8198 FiEB A —E 5| AJEfE =2
Al fHJE S L far v AR PR BRI R, W
Bre A AR A R A s, Halad % 7 e i
RIX ARG G A b & T PhP R R R
Pb? & W1, DeQuilettes 55 19 (R Aiff 5% 2 B, JE IR
RS AR Y RO AT IR R T S AT RS i A B
BIF 2 285 BE AR G RRATR, 330 B2 8k B g
MGG

TIMEIR G AR (Lbin MAPDBBr I3 )
PATCEE G () Br M TIEAS BN TR A X 48k, 7R ERE 2%
£ F MAPbBr,I; , 5 JF i MAPbI; Al MAPbBr,
Je— Pl RO, BRI RAES Sk A Br Al
LB B I B0 Ak 1) 5 BRI 5 Y 45 Ry 35 1 st AT
A i, MAPbBI; 1 MAPbBrs, {H 441 B it

AR AT 0] 8 Fe WIRAS . 78 FAE 0 1 A5 v ] W 8
FI B 0 Bt 2 FEL g P 8 AT 4 224 A T A4 0
B, HBLT WG A, XIS 5 vl fr s N
“Hoke B0, ZRALLIR 6175 5 04 AH it ATt e HL At A
FEN G UESE 48],

WRIREH7 e Ja R K241 Lan DL g
TR ER2E R LR, B T — PP R fA B B
RIS k7 T 5 R BB AH SC IR () M R 578 . Lan
6 170) 5 28 8K FBH F St 0 BEGT RIS T L W 4R ot
WEFG IR — BE it a] J5 PSCs H AY B 1 FlH, 140 A
HEATAHT, nE 5 iR, 8 AE PSCs AERZ M)
B B N ES R TR 40 1) 5 R A 2 N S AR
JE A T 4R [ BS54k 2 AR A A 2 100 nm])
XIS f i A B I B IR ™, (H
TR R NIRRT PERRE, B DA
F I RE A7 T 34750 53 28 WA A 45 DX ) 7

{15 Todide ion ® Electron {% Iodide vacancy @ Hole

Pl 5 B3I 40 A s B R (ZE ) R . Y B8 4R 43 A
() (a) RIS (D) SCIRAYBREL; (c) G4 IR — B i)
Jo s Horr, 2D PR KO FE R X, BTS2 4R 3R R HL b
B, TR AR g, B (b) B () AR X
To BEZ I, TEF (b) i, 2ol 2 A S USRS T IT R
FPARAS Z AT, LTS L 2 46 I FE S Z XA B
I3, 5 IR BEHT 5425 R T 0 A i g L 3 )

Fig. 5. Schematics of ionic and electronic carrier distribu-
tions (left) and corresponding band diagrams (right) for
three situations of interest: (a) Dark equilibrium; (b) imme-
diately after light turns on; (c) after prolonged illumination.
Where the red-color shaded region is the depletion region
with the shade grading indicating the electric field strength,
note that the depletion region width reduces in panel (b)
and (c), because of photovoltage bulid-up after illumination;
in panel (b), dashed arrows on the left indicate redistribu-
tion of electrons and holes upon the shrinkage of the deple-
tion region but before ions move to new equilibriums, while
distortion of the band diagram on the right results in a re-

duction in the net currents(™.
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PRIX. 448 PSCs HUE FDET BBEE N AP P
HIFERRTERE AR, TR R N B B T IE A 1
F18 [+ ] A 2 P ) P, -0 v A B LA 1 8 13 1Y
YERL, B T4 B 7 1) 45 A2 R B O FR T A 1Y
T3l AR, H TR B sV S I R Y REAR
18, KRIBER R ANEE, (AFERANE. FiE
JEHRIN ] U SE A, (R R IR A I - T RGN
Rk 2UH PR, b A8 T M T 5004
W 5 Bes, R B BES A dAk TR, B
HA g L T EERS S 1 AER F T P R AT A SR
Lan &5 (0 DLIE [l 4= 04 4], $2 e 43 fil ) fg vh
BEAE 30 I B i), FE S 2B R %, il IS il
LB T R ARLAS BB A BRI HE), X 3 A 1 AR AR 1ol
SV AR Z AR BRI, R AR T ZAH L
UL T G INA. BRILZAL, B AT Y
M) P, 7 A 25 5 C R 3 A1, R — 2 [ ] 5 W sl o 52 5
(shockley-read-hall) Flf#k it 2 (Auger process),
JI L2 AN [ R 2 b 52 Wi 8 2 R PR BB G 2 5 Y
Hefl. Lan &5 U0 o dis AR R G 525 th B4R SR IE 2
B FRER S S TR -2, it LLRAE R PL 25584
H B S R B pO 4 R DE , (HSEER B R
SRS B AR A A R A SRR v SRR AR
F8 Jor e R S5 25 PR R L PR 245 22 ] B R/
TCEHAE, BrA2s BRI SE IR RN R], RS
B REAE  BEREgs/ X 3 R HIGIEE®
X ARFRST A P AR, 3B F vy P R
fifp R A T ) ) S r M RE R AR E A2 1.

3.4 $EEAH KRR BRI KRL

HAT, KEZH PSCs FEMBE LM T, LR
PR AL, Miyano %5 7 R T FiE 8817
A T BRI R SR N 22— AR T
M b el A S, A58 & AEIn#m RSS2
TFIERE I 25 S 8 Sl UG R B R ) o fi: 125990,
Leijtens 55 ) IS, AR RARA SN 044
WA G MA+RYIERS, SBUSERT S5 4 Al 3%
AR B Pbl,y. (SRR B T Rk E: 1) 2
RUESERT R T O AR B 2) il ) 145
R PR 1534 BT B RS ER AR R0
ZE DB E R, WA Y TOEROR 856k 41
BER AR, BT ShES T4, Di Girolamo
S5 2 RSN B R, 8 2400 H i T AR R
PRI T B TR DR i F it R S8 B R At 148

SRS LT AR IR RS, X5 AR AR
ToRE B AN RN R, Voo BT 2 i TR s ]
HLff DX, BER AT AERHE A B 44300 51, RS
F YR LB AR (1) 02 Ak, 2 BH L e Y
AR, 51 J, F1 FF FE{K.

BRICZ A1, E5ER0 b 2 W ff 22 2 k24 o,
Eb G ¥ 3 R B 41 (74, XS RAE LT
W 5 SR M RL R A etk RO B PSCs 24K
Aristidou %5 175 $2 i MAPDI, &% 44 i) il ke b 2
HE AT LI SRR, FE GRS R A 5 i
PGS ER T AR 0. Ahn %5 M) ZRAE5ART b4
BT FL AT AR R AL A e e PEVE A, Hean A
ML IH B 38 1 (7 F far A TS 5 R 3 FL 3 2 7
k. Bryant 55 1 EW] 1 OGRS T 0 MR LR
LTR35S R g A, & MAPDL, £ 8% T
FHYE T R 225 A . Abdelmageed 45 76 | F
X SFFEAT R /NG T MAPDL 4 HIAH R
AR A P OB S BRI, R
PRIE BRI AT DA 45 5 PSCs e 1.

ES2hR L, BB AL E e vl iR —4
[T HEAT A B, FErh & A4S D RR 2 0 B2 fih B 1hi 2
PSCs Faae M 55 45 69, Jung % 102 45 ] JiL (v 155
ST BB AR T R B e A R e B A T Y
AFCEME, HEWE R T IE R E T A0 F N
TiO, 3| MAPbI; (947 H 77, [6] I 5 10 45 44 Fi k27
W fi# 1 7E Spiro-OMeTAD(2,2/,7,7"-Tetrakis[N,N-
di(4-methoxyphenyl)aminol-9,9 ~spirobifluorene) /
MAPbDI,; S iggs)], R 5 Spiro-OMeTAD
Z AR ELAE R 7, 5 2 R se 45 AR L) P, =
WIRTE RAE S MAPDL, B 84343 i (79501,

W B RR A A S R SR A RE MR E G,
2016 4F Bryant %5 131 LI MAPDI; R #F 58 % 42, %F
Fb T 28 SR Ny U R o As e M, 25 SRR =
SRS T EL B AE AR 4 h i A PERERRAR T 80%,
A Ny 50 F T s e 12 h iy % 22 i vk A 5
SLopi e, MATAhZ ST Oy &5 RS EKe-
TR ek 2. Dong 45 B AR T £35 5 19
AR E P, Al & PR 2S5 DL TiO, i F &%
JZH) PSCs 78 P AMERETT LIS RE 432 h, 1] WL %%
AT R EE, SRIFEXT PSCs 1 AMEE
MR 25 4R EER, AL ET X B2 b ) DA K 2 T
ARG WTHEEMNATAWIRE, AR AR
R SRR AR
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3.5 BFIBHMZIIERE

H T BT B A R RUBE ) XX —id
FRAYFRAE OB UE R —TOR E 191E55. DeQuilettes
& 1] fft FH 2 3R AR 9O 0 B Ak 7 R AH 4 &
A CF TR E U (time-of-flight secondary-
ion-mass spectrometry, ToF-SIMS) X%} MAPbI; %
FET7 ] 7T 2 B3 S B S A s RS ki . ]
EEEICT MAPDI; ¥ — 450 Iy g —A>
B A5, X Ll FH Wk i R e T LA, TR S
A SO AT ARG TR, WA 6(a). SRS FE(]
— X3 ToF-SIMS AL IR TR B T 1w 4 e
ZE5WE 6(b) B, E 6(c) £ T K 6(b) il
R X BLIT 2 A A AR 25 R, SE SR TT LR
th, TECRRSRAES PL 1Y 2 i FR B B B () 1)
R T 2 o, ] F-SIMS TR B2 1 T K 2% B
PL 89 b -5 B rh i 5135 o A A G, TR
BRI KA R T J10IEHE . Domanski
S5 T 3@ i ToF-SIMS MAEE] T HL A /E T 454K
W APRLNERE 1Y T JCZR A Br TR SRR,

Birkhold &% P4 fifi FH 5 7 28 G L & SKPM 43
B T LAES R BB AZ O 10 2 R G50 AR 7 L
TR FMBFEa 78 (K 7), SKPM XA,
RN T AR AR g5 h i B R AE A T, —
JBeE BT SKPM I 32 A RIS (5 22 (1) P42 i i, 325
25, TR 56 R PR A7 43 A1 1) A0 AR 25 52 i) 422 fh R 94 2%
Fr il it SKPM K oAt 2 AR 25 48 r e B 1Y 15 1
. AT TS A In4a 2 )2 W B FPRE &
TR il 1) DX T 48 25 )2 0 I K BELPS 7 T+ Ao
MR IBURIAE . YA AL A A N4 2% 2 I, R i
bR T 8 3 T A A AR 1 5 B e s — 38, i
e AR XA PSR B, AE O T
T A )Z R, A TR R R Y R N R ) A
BERASTR], AAAE IE P AS s oty ) R R S,
TEGA FL SO RER DR BR, JIT AAE VR FEE A 4 T
BT P AR S 22— %) FE oy B B 171 15 B SKPM
W4t R A= A8 A 1) I PR R T 28 2% )22 0 A BHL
PET R XA A A, DL IR Y S 1 ) AR S
%, B USRI O 0 25 520 T SKPM i
PR fi L 2.

Shao % 29 1 ff By SKPM $ A EH 00 2] 7
TR . ZATEE E 2 W 7 T 1 MATFI Ph?*
R GiER, 3 MATRYIERARMEYE BN 3.

B OEHGE AR B MOR (photothermal induced
resonance microscopy, PTIR) 1] LA E #2205 MA*

(a) s
— 68 s
3 J
2 10% 911% — 138 s
g R — 202 s
5 — 315 s
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=
[a W
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Position/pm

e OLBEEMMERSAME  (a) ARDEBEN E T
MAPDL; 5 ) B A 5EOL PR G5 5, H Ik oh BOR SE I
470 nm, 1.2 kJ /em?; (b) ToF-SIMS % £ Y 45 4k 7 T B Ay fill
JC R AETR BE 7 0 B AE B, AR 10 pm; () A& X (b) i
LR DX AR A R R T AE A (), BRITOL 2 1H) 4
TR X AR A 7R T e i 1)

Fig. 6. Iodide redistribution after light soaking: (a) A series
of time resolved photoluminescence decays from a MAPbI;
film measured over time under illumination before ToF-
SIMS measurements, and the sample was photoexcited with
pulsed excitation (470 nm, 1.2 kJ/cm?); (b) ToF-SIMS im-
age of the iodide (I') distribution summed through the film
depth (the image has been adjusted to show maximum con-
trast), scale bar, 10 pm; (c¢) line scan of the blue arrow in
panel (b) to show the iodide distribution (right axis), where
the measured spatial profile of the illumination laser (blue)

is shown on the left axisi,
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7I|+ IV — —

; :
> 6l £ 400 0.1 < E B
= SIS X &
B 5 F 80 0 > &2 2
o D =
S o} s 1200 —01 ° P

5 10 15
0k Position/pm
| MAPbDI;

S 2
> 6 £, 400 1
3 S 3 0
g af 2 £ 800 >
= o o= —1
S 2 T 1200 L

OE L L . L do

0 5 10 15 20 0 5 10 15 20 5 10 15

Position/pm Position/pm Position/pm
& 7 SKPM 7E MAPbI;/Au (a)— (c) fil MAPbI;/PMMA /SiO,/Au (d)— (f) L A B SR FAREAE R (a) A1 (d) MZEM NP

FEAN L +9 VIR ; (b), (c), (e) T (f) /& IEH+9 V IE i /5 Hedth; (g) J& 248 +9 V i i i MAPDIL;/PMMA /SiO,/Au # i it
AT HL A7 285 BE 0 A 5 () S KA S, PSSR i o FL RS 1 18 43 A1 s T B

Fig. 7. SKPM scan of a single line within the electrode gap of (a)—(c) MAPbI3/Au and (d)-(f) MAPbI;/PMMA/SiO,/Au, meas-
ured (a), (d) with a +9 V bias applied to the right electrode and (b), (c), (e), (f) at 0 V bias after turning off the +9 V bias; the
black line in (b) displays the SKPM CPD signal prior to biasing; (g) charge density in MAPbI;/PMMA /SiO,/Au after bias; (h) il-

lustration of electronic and ionic charge distribution after electric biasing/5%.

I3, BRI G T AR B LT 1k
JCER AN RE A - B 1 AR BE ). Yuan
A5 U8 BZ AR LR T 2R MAPDI; K BH H i H
WAL Z I 1 MAE 534, BEFE A8, sl mak—
A~ 1.6 V/um FIHL7 100 s, MATE T 5 7 FHAR
] X, BRI IX . Yang 55 (914 o it 75
10 nA B EHHL T 50 °C Mikfe 18, RHAIH ML X 5
LTS (X-ray diffraction, XRD) FIRETE ) 5 (X-
ray enery-dispersion spectroscopy, EDS) Jll izt 2
TIERIELL, WA 8 .

BT EBRIMNHE A
511 M T AR L A SR LR HL T
2SR EAATR, X PSCs MREI IS | 55K
R AR K/ 5 L2 B P L 2R S8R AT A T
PR 8 53 A% B A ] — BRI, A5k
JEE AR A /SR TR AL | B BRI A 2 0 4
FIEGERAT f VAR (4 4 HE R 0 AT R A i 7 k.
PSRV ) AR /s B AL 32 2 H B9
TR AR /O B, BT I A AL,
BRI SR AR A A : 1) 1) i SRR VA R A e
L3, BEAE ESER R SRAA A 25 ST Hh TS i
AT A5 BT foh A AR 1/ 8 55 T ) ke 5

3.6

0, Deng 45 52 FEABER R TS AR vt Y 2R T TG
P L-o-B 5 Bt A (L-o-Phosphatidylcholine),
—J7 AL TR AR T Y Schottky BEG, —
7 TE A0 ) 505 R A YR R /2 A )2 A T ) B
Wu %8R 2, 3, 5, 6-PU3K-7, 7, 8, 8-PUFUIHLME
“HEE (2, 3, 5, 6-tetrafluoro-7, 7, 8, 8-tetra-cyan-
oquinodimethane, FAT CNQ) #fi fb &5 £k 4" 5 i |
F4T CNQ J& s 0y s i o, {2k 17 5tm
FAL ] AP BB, AU TR S im0 TR R SRR Ak T 24
55, 193 TR m AR W A BT MAPDI, B
PSCs IRCE# T 20.0%, JUT-BCA REH LS. S50
S5 LW B At T A B B R T SR AT
v, BRSPS A s B, 2) fi S TR
TR 3 A FR I TR A ) e — B3, B S
SRR 45 i PR AL S B R B s b i,
Aristidou 5 (™ 5k F L £E (phenylethylammonium
iodide, MAI or Trimethylsulfonium iodide, (fllft
IR | WAL R e B L — Y BR A ) ) SRR
WA, WS T PSCs R E M, FR KM
MAPbDI; 4514 v i) LI 57 2 768 480 0 T B i) DG Bt R
A7, AR b PR AT DA /D e, s S TR A,
AT 5 SR RS A A A S 1. Buim 45 B
PREVE A HTAR A, — D7 et 7R IR EE, — 5
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A B C D
d
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4 * Pbl,
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20/(°)

b) A'side on'PH| (c)
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o 1 2 3 4 5 6 7 8 9 10
Energy/keV

5l 8 #£ Pb/MAPbDL;/Agl/Ag Bt (a) HIAMER T B F I B 1l (b) itk A, BHIMIE R (c) Bl SEM & A (d) 78
10 nA FLHH FRA 1 )G A, B# I XRD; (e) B 1fi Pb JL% iy EDSI

Fig. 8. (a) Flow directions of the charged ion species in a Pb/MAPbI;/Agl/Ag cell under electrical bias; (b) images for surfaces A
and B; (¢) SEM image of surface B on the Pb pellet; (d) XRD patterns of surfaces A and B of the Pb disk after applying a direct
current of 10 nA for a week; (e) EDS spectrum for surface B of Pbl'‘l.
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Fig. 9. Photocatalysis of TiO, material under UV illumination: (a)—(d) there are abundant defects in TiO, material. During the ab-

sorption and deabsorption of the O, molecular, the positive charge (Ti*t) is formed, which will extract electrons from halogen negat-

ive ions, thus destroying the electrical balance of perovskite structurel®sl.
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Fig. 10. Temperature dependence of capacitance for (a) device with CsBr and (b) control device without CsBr. Arrhenius plot of

the characteristic frequencies to extract the defect activation energy for (c) device with CsBr and (d) control device without

CsBri7.
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Fig. 11. ToF-SIMS elemental depth profiles (a) before and (b) after a thermal treatment at 85 °C for 24 h; (c) depth profiles of Ag ,

I and CN after different temperature of thermal treatment!'20).
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Abstract

The low-cost, high-efficiency and easy fabrication of perovskite solar cells make them an ideal candidate for
replacing industrialized silicon solar cells, and thus reforming the current energy supply structure. However, the
industrialization of perovskite solar cells is now restricted due to its poor stability. In this article, the intrinsic
ion migration behavior in the perovskite film under light irradiation is introduced, which is mainly responsible
for hysteresis, fluorescence quenching/enhancement and the failure of solar cell. In addition, the typical
ultraviolet light instability of TiO,/perovskite interface, and the light instability of hole transport layer and
metal electrodes are also discussed subsequently. As a light-dependent device, improving its light radiation

stability is essential for making it suitable to various environmental applications.
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