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Abstract

This study implements defect management strategies through passivation engineering, surface
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modification, and additive engineering, achieving effective control of bulk and surface defects in
perovskKite films. This approach significantly enhances the open-circuit voltage (Voc), fill factor (FF),
power conversion efficiency (PCE), and stability of inverted-structure devices. Interface passivation
studies using guanidinium thiocyanate (GuSCN) demonstrate its capacity to optimize the perov-
skite/electron transport layer interface characteristics, promote grain growth, and improve crys-
tallinity, thereby enhancing carrier separation and transport capabilities. Experimental results re-
veal that GuSCN modification exhibits particularly remarkable effects on wide-bandgap perov-
skites. Combined with [4-(3,6-dimethyl-9H-carbazol-9-yl) butyl] phosphonic acid (Me-4PACz) mod-
ification at the NiOx/perovskite interface, the device PCE increased from 18.51% to 20.38%. Further
analysis of the mechanism of Gu* and SCN- revealed that the introduction of Gu* would increase the
current density (Jsc) of the device while accelerating the degradation of the perovskite film, while
SCN- could simultaneously optimize FF and Voc through doping in the precursor solution, achieving
a Voc of 1.20 V and an FF of 77.95%. Although this strategy still faces limitations in Jsc, it provides
new insights into selective defect passivation. This work elucidates the impact mechanisms of in-
terfacial chemical modification and ionic interactions on device performance through defect man-
agement strategies, establishing crucial experimental foundations for developing efficient and sta-
ble wide-bandgap perovskite solar cells.
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FERH MR R T AFAE R 25 TR B 1S5 b 2 0 5 B N3 7+ A ME R, 3 1T AR A1 b vt f e
W R SFaE . B IX — ORI R, B TN SO 2 O VERHES R R I AT SO S B AL B . T
WHFLR I, B AR AN GuSCN)TE f& 2k & b Fi A= R Fe Bl J7 T 2 I 2 25005 . GuSCN i J& Ab #RATS 4K
L, BB A3E o T AR AL R T BREA, WA 2K BRI R A 2% B R mob R R . HAREH]
MU LG b 2 A 3E 7 200 SEHZ AL 1 T 2 S MR 5 . GuSCN I3 545 Ekh™ 2 1 F2 e o7 5,
BRI AL AR A A E . X FEROE T REEXPS) T 7R, 4 GuSCN b5, RMGRFEAZ
FE R E AR, thAh, GuSCN 5 E5ERAT 2 M ¥ B I B v 741 2 v] SCs #0m s fett, Il #oa 80ROk
WHTRPLMNAER B, #RFAMEELEK, SHEFEK. GuSCN BA RIUFII S e tEFE iR, v
T IR RIVE RS R R T RS S U 2, & A TR & T2

(R, A5 5% GuSCN X85 8RB &8 FL vt FR) ks 2B RNk F AL RO B IR 7S 12, TR T
ARl BRAES ERA FEI - GuSCN IEEALAR, RILILAERTBRN 1.66 eV BV N R I H 235 1 el A
o XFiBRA 1.66 eV 1] FAosCso2Pb(lo.sBro2)s E5 4R # AT B M S, M 17.67%5¢ = E) 20.92%.
NIRRT EA EESMERCR B ReE, AW BRI Gu' Rl SCN XS ERE #EA T8 . JLrb, R s ALK
(GuX, X = IUBr/COEMHAT R E A 2 1 AT &40 LLER T Gu™ XS e R 20, FIH Pb(SCN) A4} X}
BEERT HEAT 5 244 AR A SCN X B M R ISR 45 SRR I Gut 206} 58 27 BRAS £k 35 1R 11 JSC THEREF
AR, T SCNTTE GuSCN £ifb B FaFE masfF Voc M FF YR OCHEAEH b B £ 2 sgm, JF HAE
55[4-(3,6- - FH L -OH-H: -9 55 ) T L | R (Me-4PACz) I AL AR (NIO ) B 1 A4 1 in [R1VE P R 2 80t o 4
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2. #R5E GuSCN 2IFXI A RITHRRE5 AT K PHAEFR it M RERORZ N
2.1. LHITTE

1 RS R L (FAD). TllALA6(CsD). TALAY(POL) SIRALAN(PoB) R B A i, #IBFTTE U/Br HL@iK
WIEHIH x 29 0.05. 0.1, 0.15 F1 0.2 ff] FA¢sCs02Pb(Bryl ) BIBRARVEWR, FHHAE 70°C RHtRE 2 h LLFE A
fifto HZHBIREERE Me-4PACz. (2-(3,6-— H1 A FE-9H-HE-9-Jk) 2, 55 [ IR (Meo-2PACz) Il 2-[(2-F K E) (K
BRI K F IR LS (2PAC) T ARAE RS P L H AL BB 1R 77, GuSCN I3 MR AE S TR (IPA) HH 1) 46 H R
(3% 2 RS R B M 71

FC I E A 20 mg/ml () NiOL BT, LA 2000 rpm (38 B e ik 30's, FEAE 120°C FiB K 20 min.
¥ Me-4PACz. Meo-2PACz 8¢ 2PACz LA 1000 rpm [P fE iedk 30s, 7E 100°C FiB K 10 min. 5K 1T LK
PRI LA 1000 rpm T BETiE 4R 10 s FF LA 4000 rpm R L e 30s, 7E 100°C NiB/K 10 min. LA 6000 rppm
)3 JEE R VAR A Bk T B A T T (GuSCN ¥ )) 30's, 7E 100°C FiE K 10 min.

i1l 2% HH B BT IR AL 2 AR it A8 P Pl B S A8 R IR LAR IR TAR B 60(Co0)(20 nm)~ 2,9- - I %E-4,7-—
ZH-1,10-FEPFIR(BCP) (5 nm)F14R(Ag) (100 nm), He& il 4 AR HL it

2.2. ERE5TE

TEASERA R FH B FB I e e TR rh, B 4% TR R B OCH M) — 3R, TN A5 0 mi SR A4 1 v R P
T3 AT PR AT B AR Th BON R B TV o AR SCR SO B AR BT BRARVE W 1/Br ELI0 A5 B Y
BREEAT P45 . & 1 AR /B U] B AN SO G T MR SE 2, AEX S idE A7 b BR fe , AR A 25 R R -
FAosCso2PbLs HIT7BEA 1.555 eV; FAgsCso2Pb(Broosloos)s FIHT A 1.595 eV FAgsCso2Pb(Bro.11o)s HH [
N 1.623 eV FAosCso2Pb(Bro.islo.85)s I B A 1.653 €V FAosCso2Pb(Broalos)s I BA 1.685 eV. &I
Kid, BEE UBr ELBIIR/N, E5ERE" I BR AN BT K, Horht FAosCsooPbls J& T~ 1E & 7 BRI A5 5K, 1/Br
I/NE] 0.9/0.1 55 ERAT 62 BRIG 21  w BRES AR 1Ova [, B T R BR A R .

TEFTA S W AR, B UBr LU SE, HAb A B 0RFE—5. FET 06, Ml 7 AR ER
B g, FERHOGAR R E # BT I, SR aE 1 R,

—1 Eg=1.555eV
Bryos Eg=1.595¢eV
Bry,, Eg=1.623 eV
—Br;,5 Eg=1.653 eV
Bry,, Eg=1.685¢eV
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Figure 1. Ultraviolet absorption spectra of perovskite films
with different I/Br ratios
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ST PCE YN 16%~17%2 18], ZFEIFA K. ERTHIHTFFE P & P GuSCN 76 55 4 M AE A A BH B
Lt B B I SO E O T R SO R SO A P TE R B O R BH i F v R R 1 R R IE A
B S5 FAsCsooPbls S AFHEA T 50 .

N THRFE GuSCN BATE IEH T BRE AR I /2 A L REAR7E %6 1 B A R IRRER I A R MERE, F&
AR AR B () GuSCN Xf FAosCso o PbLAE AR AT T80 . SRR SR fE b, FATRIL IR E
FESCBES SR GuSCN B JZ IR IR BEFIBT ], 7E GuSCN 1B K 4505, F5 R AT T HEL S 2 76 76 16T [R] P
I3ffe FATHEN GuSCN B FES KA M AR FE 18 K Ja 3l 70 7 1T R bH T b P A 1 F2 Hh T s A e oe
e A G5 AL AT SCN- IR IR AR N 1 7K 3 W B, 3xX PN DR 2 S A4 A B e | T 78 3 B0 BR B A5 4K |
GuSCN TCyER I H BT 800, DR ok 7 SRS R IS AR 1B N 8 H b AR¥E 1] 2, 2755 FF 5 Voc Ja
LK UBr Ly 0.85/0.15 HIERAHE N EZ 58 BbR, IS ERAT F il S8R Voc KT UBr HLBIA
0.8/0.2 #3£F, 1H FF &3 & T UBr HLFh 0.8/0.2 814
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Figure 2. Photovoltaic characteristic (J-V) curves of perovskite solar cells with different Br contents (a) FAo.sCso.2Pbl3, (b)
FA0.8Cs0.2Pb(Bro.0510.95)3, (¢) FA0.8Cs0.2Pb(Bro.110.9)3, (d) FA0.8Cso.2Pb(Bro.1slo.s5)3, (€) FA0.8Cso2Pb(Bro.2los)s, (f) summary of
J-V curves of perovskite solar cells with different Br contents

2. A6 Br S 255K T KX PHAEE X RIFHEI-V)BH L (a) FAosCso2Pblzy (b) FAosCso2Pb(Broosloos)s (c)
FA0.8Cs02Pb(Bro.110.9)3v (d) FAogCso2Pb(Bro.islo.ss)sy (€) FAosCso2Pb(Broolos)s F(f) 4G Br 2245580 KPHAER b J-V
iiE5 S

T 26X FA0sCs02Pb(Bro.isloss)s wir AL BRI T IE MM, FIHARFEISN 1 mg/ml /) Me-4PACz.
Meo-2PACz Fll 2PACz X B MR ZHEATAEMR, B 5 28 4F J-V fiZR & 3. v DUK X = FEiixs 745
ERAT L ) E EAE R HE T Voo, (HIHFEAC T #84F FF. i Me-4PACz B1iJa #3 Voc 1-FH R i
£, Voc M 1.08 V EINE] 1.13V, Jsc M 20.64 mA/ecm? 454 20.33 mA/cm?, FF M 77.65%8/NA 75.13%,
PCE M 17.31%4 3] 17.32%. 525258 H 8 H Me-4PACz 124 FAqsCso.2Pb(Bro.islo.ss)s #5500 Hi it
(ARSI KL o
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Figure 3. J-V curves of FAosCso.2Pb(Bro.islo.ss)s de-
vices with different NiOx modification

[&] 3. FA0.8Cs0.2Pb(Bro.15l0.ss): FE A R S AL SR IEIHIF R
T J-V gk

e FACRIE IS, SR AT o, AN R B2 1) GuSCN ¥ GHEAT g iR FR K 1225, J-
V RS RN 4 57 1. 24 GuSCN KN 2.5 mM I, FHERH S (1) 30CRE B i E 18.42%.

X IV RS DT T IR I, B4R IR Voo ATHR %, M 113V FE] 1.07V, JL
- 5 AR E A BB S SR B A (1) Vo MR RIS T AR B FF 438 1 KIEEZRTE, M Me-4PACz
BURE I 75.13%3¢ = 2] T 79.61%, 1X i B GuSCN TEM] FA¢sCs02Pb(Bro.isloss)s F5ERH 3R I 32 248 T4
FF (e, (RSB RCRIF ARG B RIREIR . FIRESEH S d, RATRIZ UBr Hfl 45
ERA 284 H A AR A, X UEHA GuSCN FIE AT T BN 1.653 eV RIASERT 1M 5 Ak — AN FasE ik G
BHAL AN R T AR SR

GuSCN X} T B4 1.555 eV 1 JLs BRES A0 38 A A Btk ge R4k B 77, MAETT BN 1.653 eV I
FA05Cs02Pb(Bro.isloss)s 5 ERA |, T LA R4HE i 2 44 B B ERAS A LT SR 1) FF BRAIG IR, FL[R] IR A7 A
i RS Voc BRI M @, $2 R oRXTHTFE N 1.685 eV HJ FAsCso2Pb(Broolos)s 54K #EATHRTT .
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Figure 4. (a) J-V curves of FA0.sCso.2Pb(Bro.15l0.85)3 in the case of GuSCN modification at different con-
centrations and (b) J-V curves with and without GuSCN modification in the case of ME-4PACZ as nickel
oxide modification

4. (a) FA0sCs02Pb(Bro.isloss)s ZEARERE GuSCN 1&1H1E 5 TR J-V HIZF(b) 1§ Me-4PACz 1
AENREHERTET GuSCN 1&1H#Y I-V ik
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Table 1. FAo.sCso2Pb(Bro.1slo.s5)3 J-V characteristic parameters under different concentrations of GuSCN modification
= 1. AERE GuSCN 1&1iH1E 5 THY FAosCso2Pb(Bro.isloss)s I-V 45 S 8

Measurement Reverse or Forward Voc (V) Jsc (mA/cm?) FF (%) PCE (%)

Forward 1.07 20.68 73.96 16.43

W i
Reverse 1.08 20.64 77.65 17.31
Forward 1.11 20.42 75.64 17.21

Me-4PACz only

Reverse 1.13 20.33 75.13 17.32
125 mM Forward 1.06 20.35 70.42 15.17
GuSCN Reverse 1.07 21.58 74.41 17.14
25 mM Forward 1.06 21.48 77.94 17.76
GuSCN Reverse 1.05 22.03 79.61 18.42
5 mM Forward 1.06 20.00 76.64 16.23
GuSCN Reverse 0.99 20.37 80.98 16.25

£ Me-4PACz 1ENEMB BTG T, XSS AT GuSCN BEf, F J-v kg B an 4]
5. Hr4 GuSCN BRI N 25 mM i, #34F PCE M 18.51%R 5 #] T 20.38%, H Voc M 1.13 V &5
F7 118V, I H FF M 77.54%5E %] T 79.39%. HILA UL, GuSCN &%t F FAosCso2Pb(Broalos)s
ERERE D 2L F5 1 BB B A AR TS A

(a) 2 (b)zs
] o~
E E
g2 5204
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g g
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& 30imMGuSCN ECE=17:96% O Me-4PACz only RS PCE=18.51%
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Figure 5. (a) J-V curves of FA¢.sCso2Pb(Bro.2lo.s)s in the case of GuSCN modification at different concen-
trations and (b) J-V curves with and without GuSCN modification in the case of Me-4PACZ as nickel
oxide modification

[ 5. (a) FA0sCs02Pb(Broalos)s ZEARERE GuSCN 4515 R TH I-V BIZF(b) 4§ Me-4PACz 1EH
SILIRIEIRIE R AT GuSCN 1846y I-V fhsk

N T HRIL GuSCN XA PR AR AHLEE, FRATTAI A SEM MU iUES SR 2 i /8 38 G A rh i) TR 38
e, R 6 ME 7 Fron. i, FATWEREM T GuSCN 21 j5 AT 30 s IBKIRHLL T,
EEERE 1 L 1 WL A FLIR AT AS RN kit o IX R IR IZAR KN TR A, E5ERE™ SOk R 7e 0 2B, 3R
RMEAATEE. MR REIGK, FTUOERER K 1 min J585ER0 20 b1 Tk KA 5 5
BURALIFEW &, EAAEAE AR B SR BRI 3 min A1 5 min BFESERG™3R 1iT C I8 W] S AU ) 4
KL, ABASAEAE SR AE KA 58 4 S B /INFLIR R 2R 4% . [R] I 38 T A E — g B0 1) /N FLITRT R B0 G AE 3B K N [
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IEF] 10 min JEZBHHHE K, IF HARIR KN RIZ DA (I R b m] DLW B kRN e, ik RSB
6 IR I A3 AR K

25mM GuSCN i 30 | (b) 25mM GuSCN iE R 1min

500 nm

25mM GuSCN iE k3min | (d) 25mM GuSCN JE K 5min

500 nm 500 nm

Figure 6. 25 mM GuSCN modified SEM images of different annealing times at 100°C for (a)30
s (b) 1 min (c) 3 min and (d) 4 min

[ 6.25 mM GuSCN &4 100°C IR RIE ARFEIAY SEM Elf§(a) 30 s\ (b) 1 miny (c) 3
min FA(d) 4 min

25mM GuSCN 38K 10min

500 nm

Figure 7. 25 mM GuSCN modified SEM images
annealed at 100°C for 10 min

7.25 mM GuSCN &4 7E 100°CRHR A 10 min
#9 SEM [Elf&

SR R EESIBE T, FATRIL GuSCN  [RIMER BE % S 25 FE R 85 BR 0™ SiohE ) RS A AR K5
o XA RIS TR AR GREG, S TR T R, IR Tt TR ok (R 4%
AL IE F R FLR e A, GuSCN B E5 KA 85 PHEE 2 1A R B AR F o XA i Lo e 1
W AR T A BT VI A2 2 AL D R T kB, IR TR IR, AT T A BT T
B[] [2].

FEATTHHRTTA, FRERIL T GuSCN X AN [ i B )45 BRAT 38 M5 7 A ) SR P O ASHE IR, 0 T
AT BRESERD™ GuSCN B AR ™ A2 KA M, WX 508 1.653 eV IS BRI B3 2 1§ FF (1
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F. FERHEBRN 1.685 eV IESERT kB T3 S A RS I O -
3. R Gu RIS IHxT 58K A PAREFLith M 5ERIF IR
3.1. LW

B il A FE A 1.2 M) FA9sCs02Pb(Broolo.s)s E5EKH R IRARVE TR, K FALAT(GuCl) IRILAL(GuBr)
BAL AT (Gul) 3% BE R [ 9 FE 35 T TPA 77 PP e ) H S Bk B R VA A

B 1) 94 52 > 20 mg/ml 1) NiOx B AR, LA 2000 rpm 338 g4 30 s, FF7E 120°C FiB /K 20 min.
% Me-4PACz LA 1000 rpm ()33 JE €4 30s, 7 100°C NiB-K 10 min. F54KH R IAA TR LA 1000 rpm 135
FEWELR 10s LA 4000 rpm [FEEHELR 30s, 7E 100°C FiB-K 10 min. LA 6000 rpm FrI38 B e bR A5 L0 18 1
WK 30s, £ 100°C NiB-K 10 min. /o8 FH 28 K P TE S & IR ZEHE Coon BCP FI Ag il 2% A ERA 2844

3.2. £R5Te

N T ARG GuSCN X TH5 R0 B v/ E I g R 2%, FRAT14: 0% Gu'fll SCNT TR 9T . Bk
T Gu B TIR 7, AT 54E A GuCl. GuBr Al Gul =F#48EXF FAqsCso2Pb(Broalos)s F54kH"
RIMPAT MM

FEAEFH GuCl RS ER R AT BRI R T, AR A Wfel SR B IR BRI EE L W77, GB K
T PR IS [R] S T vk i) £ H A 8 HLRE SR A AR M, IR K e R B R IR C & e 4. PRItk
BAVEREAT T GuCl B4 E RN BT SRRV P R T, (R IH A FM2A5 3 1E 3 BRI 234

¥ GuBr T TPA F L AN R P VA, ZEASERAT 2 T I8 Ik e AR K 1) T 28 58 RO A5 AR 3R
GG AT B FE M IPE R, -V 2RI 8 From . 25 SRR ARV FE I GuBr Joidb 85 80 147 R
B4 AR 21, IF HBE%E GuBr AR 1) BT, 28 4F AV Re UK FEAIC, AT GuSCN 214 1) 18.51%
PR 2] 4 mg/ml GuSCN &1Mif5 1) 8.95%. PHHLFRATINA GuBr JiEXT FAosCso2Pb(Broalos)s 5860 2 E] R
BFIE IS o SR FHAH B ARV 0% Gul #4740 2, 4358 H 5 mM. 7.5 mM H1 10 mM ¥R 6
PRER RMEAT M, S5RWE 9. BIRIKREEN 7.5 mM SRR TIREEN 5 mM AT 10 mM 234,
PCE 7 18.07%, {HAME T A GuSCN & 1fi# 4 ) PCE, LA LA 8 256 AR R S BUME T RAS MG 245
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Figure 8. J-V curves of devices modified by different con-

centrations of GuBr
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Figure 9. (a) J-V curves of devices with different concentrations of Gul modification and (b) J-V curves
of devices with and without Gul modification when Me-4PACz was modified with NiOx

9. () ELRE Gul 1&5RBTANEE ¢ 1-V FIZLFN(b)7E Me-4PACz 1R WIRITE T Gul 181fh8s
Ry J-V B%

FEXF GuCls GuBr 1 Gul = FbA BHEEAT 85 ERH™ 2 1 R B BB FE AR AR b, AT BLEATIIARXS Voc
1 FF 7722 IR TH RO 1] Tsc B /o R L, AT HEWT , Gut AN B £ 9E S 2 GuSCN X} FA(sCso2Pb(Bro2los)s
PHERH 2 AHAE Voc M1 FF BRI AR R RE SO i) 2R A, H AT B2 S BERF Jse BIMA A .

B 7 EEA J-V RERAE AN, IEXT X =M RME A S5 I8 B 3 1 25 A A Sk AT RAEHT 7K

AR EE 7 18 1 mg/ml 5 2 mg/ml B =FPAHRME R 5 (85 R R H 247 XRD W, W4 SR o
Kl 100 1£ GuCl &M 5 AT AR 1) X S 2 AT T (XRD)SS R il UK IR T 1S R A LT Pb 5
FRERAT 6 AHIATSUE[3]-[6]. X BEHIFE GuCH B JERIA 758K RIH 21 S TRMEHR T, S8R
) Pb 15 TR T [RNMAFE] T Pbly, BN 1 RIEZEM, BEMN e R RE ™ A T 52 M [ 7]

M GuCl 2mg/ml
M GuCl 1mg/ml
,_JW_J~J-—JJ ﬂ GuBr 2mg/ml
GuBr 1mg/ml
,__,__,L_J—-uuLJL._h‘J___,\ Gul 2mg/ml
_)MJ Gul 1mg/ml
_,&__,l.—i—-um A AREBH

20 40 60 80
206 (degree)

Intensity (a.u.)
-

Figure 10. XRD patterns of FAo.sCso.2Pb(Bro.2lo.s)3 per-
ovskite films modified by Gul, GuBr and GuCl at differ-
ent concentrations

10. AERE Gul. GuBr. GuCl f&if
FA05Cs0.2Pb(Bro2lo.s)s $EEAHSEE AT XRD iz &

NTHRIE GuCl. GuBr fl Gul =Rkl 6 A5 ERA" R ISR AIFEN, B 5 A5 ERA 31T 3
LT BB (SEM)IINR, 25 3 aniel 11 FilE 12,
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WA Met& i

300 nm

Figure 11. SEM of FAosCso2Pb(Brozlos)s perov-
skite films when modified only by Me-4PACz

B 11. 2 B Me4PACz f& i B B
FA0.8Cs0.2Pb(Bro2los)s 55K SEIERY SEM ik &

ANEMEHI SEM &5 RBUAK, 5 RH Me-4PACZ B FIESERD Sk 0 B ARAE, 1X 35 Bix =
T i TS BRI A KK FEBY . 3F BAE GuCl B 5 185 KR 2 1 AT LA B0 5% 31 /NJOkE, 45
7 XRD PREE R, XL/ NIURL AT RE A2 Pl KL .

€)) Gul (1 mg/mlinIPA) | (b) GuBr (1 mg/mlinIPA) | (c) GuCl (1 mg/ml in IPA)

300 nm 300 nm 300 nm

(d) Gul (2 mg/ml in IPA) (e) GuBr (2 mg/ml in IPA) ' GuCl (2 mg/ml in IPA)

300 nm 300 nm 300 nm

Figure 12. SEM of FA0.sCso.2Pb(Bro.2lo.s)3 perovskite films under different concentrations of Gul, GuBr, and GuCl modifica-
tion (a) 1 mg/ml Gul, (b) 1 mg/ml GuBr, (¢) 1 mg/ml GuCl, (d) 2 mg/ml Gul, (¢) 2 mg/ml GuBr and (f) 2 mg/ml GuCl

12. RERE Gul. GuBr. GuCl #8155 T FAosCso2Pb(Broolog)s $55KA SEAEHY SEM UK El(a) 1 mg/ml Gul. (b)
1 mg/ml GuBr. (c¢) 1 mg/ml GuCl, (d) 2 mg/ml Gul. (e) 2 mg/ml GuBr F1(f) 2 mg/ml GuCl

EATREREAYT, HH Gul. GuBr. GuCl =MEHExT A5 4k0 AT 1846, (BXF Voc 55 FF %A 1IE
R, AP N GuSCN X 455K #5475 Voc 1 FF BRI AR A A 1) Gu' sl i, H
Gur &8I Jse PEAEBMEROR, )5 22 TAE Aokt SCN- 1 et F AT 4R AT

4. £33 SCN #2271 $58K 0 K PHBE R A 14 BE AU S
4.1. LIHTE

4 Me-4PACz DA [EIREE(O, 1, 2, 4 mg/ml)¥E T RE HHC H NiOL B HVE, B 1000 rpm HEE FE gl
30s, JFTE 100°C NIE/K 10 min. ¥ Pb(SCN), #HEAS R EE /R EE(0, 0.25, 0.5, 1, 2 mol%) s T E 0 Vi i
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TC ) HH 5 B AT I IR A T A

T 1 5 A 20 mg/ml ) NiOy B VAW, LA 2000 rpm (35 B g iR 30 s, FH7E 120°C FiB-K 20 min.
¥ Me-4PACz LA 1000 rpm R FE el 30s, 7E 100°C FiBK 10 min. 7E Me-4PACz JZ23 [ EA 1000 rpm ]
THE RS ERE T IR VAR 10 s 5 FE LA 4000 rpm FOSEFEHELR S5 s JETMN 150 pL SRR, JF4kaLiEin
25's, fE£ 100°C NiE-K 10 min J&3R7F AL AR 28D Ceon BCP M1 Ag fiJim il 2% th PR A5 F5 ERA 218

4.2. ER5Vi

T IRIT SCNIHESERE Hth ISR BB AE T, SR Pb(SCN), MRS BRI SR A4 I R E AT 55 2=
Fo TR EABBUE RIS ST XS SR 5T IR VE AT 8 4%, B AIRIE /15 0.25 mol%. 0.5
mol%-. 1 mol%#1 2 mol%, WA J-V L& 13(a)fim. MUBAIKRE N 1 mol%H, FF 537 KSRz
T, M 71.31%3R 53] T 82.09%, {HHT Voc Ml Jsc B FF%, PCE RAESEIFER, XIMM 16.42%F4 3]
16.02%. AT EMEMME H FF TS, X2 20 NERER FF #4780 46 T 80t Ah 1A,
13(b)e MEIHAT EUK AN B Z B384 FF ARECR, A5, HEARALT 80%, (H4B4% 1 mol%[H
Pb(SCN), J& #5F1¥) FF 43 A s ingery,  HAF4ME T 80%.
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Figure 13. (a) J-V curves of devices with different Pb(SCN)2 doping concentrations and (b) statistical
distributions of FF parameters of devices with optimal Pb(SCN). doping concentrations and without

doping
& 13.(a) R[E Pb(SCN), B4R EHIEE#F I-V FhZLFN(b) FRAKL Pb(SCN) IBZIK B RTS8 281
B FF ¥ &t N

TRFF 1 mol% Pb(SCN), [45 2%, Xof #1173 X AL i J 2 B AL B2 HEAT AR A, 58 FH AN [E1R B2 1) Me-4PACz
B EA LR AT R I ABME, WA J-V 2R W 14(a). 24 Me-4PACz HIBIHIIRERE 1 mg/ml K
Voc IR HE, M 1.04 VIEE] 1.20 V, HFF M 82.09%[%KF] 77.95%, #4K PCE M 16.02%3%2
i H] 18.09%. XA BRI 24 AME M 1 mg/ml Me-4PACz HI 881 Voc #EAT G0, Giit o An & 14(b)
Fi7ne 1E Me-4PACz B G #81F Voc ISP MEM/NT 1.0 VIERE] 1.15 vV BLE, H A8 g s 2.
XAREHT SCNHHE AT TR G, Rk SCNTEE T HA T 5 FATE 1745 4([8]-[10], M xHE5%k
A A A R BE EE B B R B 2R 1 R

T HEINE ML L Me-4PACz A1 Pb(SCN), IMEA, XITGMEM . A Me-4PACz &1 5 AR H Me-
4PACz &1 H Pb(SCN), B 4% [ =R 2 24T 04, J-V M2k W1 15(a), JEARFFESHNE 2. Me-4PACZ
B R 28 1) FF A P,  miE s IEal 34T Pb(SCN), 574, £ Voe HIRIRHE N Tsc, B4k
PCE KIBE Freas o B = A SFAF IR FE A Voc 474011, UM EE Me-4PACz F1 Pb(SCN): X #54F FF
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M Voc FIEZM, Gt Ai B 15(b)s K 15(c). 4550 E/RTE Me-4PACz 1&1fiJ5 FF [V ¥MEE BT R,
18 Voc [ F-H1E RIEFE I . 1M7E Pb(SCN), 2% )5 FF (V- ¥E K8 R = 2] 76%, 1B AT BN B,

BARER Voc FITTHMEMN 112V EAIRER 1.16 V BLLE, FFHESMABAES.
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Figure 14. J-V curves of the devices with and without Me-4PACZ modification at the Pb(SCN)2 dop-

ing concentration of 1 mol% were obtained

14. Pb(SCN ) B4R E A 1 mol%RT AN [E] Me-4PACz 1&4HIRERIZE#F J-V BhEFN(b) BT Me-

4PACz 1EIRERHERY J-V HiZ
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(©)..
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Figure 15. (a) J-V curves with different Me-4PACz modification and Pb(SCN). doping and Statistical distribution plots of J-
V characteristic parameters for different Me-4PACz modifications with Pb(SCN)2 doping (b) FF and (¢) Voc
[& 15. (a) F[E] Me-4PACz {15 Pb(SCN: 22 ER TR J-V HiZ A [E] Me-4PACz 1£1F5 Pb(SCN) 218 T HY

IV #MS 8 S 27 E(2) FF #(b) Voc

Table 2. J-V characteristic parameters with different Me-4PACz modification and Pb (SCN)2 doping
# 2. I[E Me-4PACz 1£455 Pb(SCN): #8215 THY J-V $ it S8

Measurement Reverse or Forward Voc (V) Jsc (mA/cm?)  FF (%) PCE (%)

F Me-4PACz Forward 1.11 20.61 71.05 16.24

(TB7#) Reverse 111 20.70 7131 16.42

1 mg/ml Forward 1.12 21.15 76.38 18.08
Me-4PACz

(BB Reverse 1.13 21.17 77.54 18.51

1 mg/ml Forward 1.18 19.34 70.96 16.16
Me-4PACz

(#2% 1 mol% Pb(SCN)2) Reverse 1.20 19.34 77.95 18.09
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IR RKE, SCNXTE5ERN 1) FF Al Voc 38 BRI, HEAANWEEM K Me-4PACz BEX
R Voo IS BT — 2P 3R A 2R . FEFRATTIAY GuSCN X FA(sCso2Pb(Broalos)s F5ERH K RH HE HL.ith
E Voc A1 FF (1 BE e AR 32 2205 SCNTTAE Gu™.

5. B&

RILIRE T GuSCN MBS AN [ 5 BRAS B A B B8 FEIb IR PR FH o A 7 e M FORIR, 3RAT14) A
T Gu' Al SCN I MERCR, iE3id GuCl. GuBr 5 Gul FIREMEIHSLI %22 Gu™/EF, KH Pb(SCN), %
ZIRIT SCN R

(1) GuSCN f&4fixt T BN 1.555 eV [ FAosCso2Pbls 550 25 4F 1 REAFAE S 2R, XFF 1.653 eV
K] FAosCso2Pb(Brosloss)s F5ERH 2544 AT LA = 3 FF, X+ 1.685 eV B FAosCso2Pb(Broalos)s F5EkH 23 1F
A LAEI 25 Voc 1 FF, K PCE M 18.51%%2 =51 20.38%.

(2) GuCl. GuBr 5 Gul BJAGEXS FAosCso2Pb(Broalos)s #5ERH s A REAZ B4 = /E M, A& GuSCN
B = SR

(3) SCN B 4=n] LASE a8 1F 10 FF, 1X—45 KB SCN~ & GuSCN itk M £ Z R, o SCN-
HTFHKT IE A, IS5 FAS S, SEmxH4ekn Srasbireith, Rk astttag. HH
SCN™ &AL BB i ARl Me-4PACz Wik [A4E I JG nl LI 2 5 A 3R

Rl GuSCN %o 58 7y BRAS B0 S A o PE 8OR £ ZE 0 1 Gu Al SCN Rl Bfifk =2k, JHodh SCNXf
FERAT 2 () Voo A1 FF P2 AR BCUF st B 7, GuiE B Tse ButE R FEMEH

oM
R R TR 9200 15 3R BES (046 5
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