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Fig. S1 XRD patterns of various CsPbBr; films.
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Fig. S2 High-resolution XPS spectra of (a) Na 1s and (b) K 2p of the doped CsPbBr;

films.
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Fig. S3 High-resolution XPS spectra of S 2p of NaSCN and KSCN doped CsPbBr;

films.
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Fig. S4 FTIR spectra of Na/KSCN, Na/KSCN + CsBr and Na/KSCN + PbBr;.



Fig. S5 The grain size distribution of various CsPbBr; films.



3 1]
a b C
——KSCN ——KSCN
251 —KSCN -
2 2
204 /T~ & g
Q S =
= 15] / g é Ey=Eg-E, =556V
< z z
~ / Z Ep = Eqyor-21.22 €V = -4.03 eV 2
1.04 £ g
= =
= =1 Epe=153eV
1 E,=231eV 17.19 eV -
o - -
0.0 T T T T T T T T T T T
22 24 25 20 19 18 17 16 30 25 20 15 1.0 05 0.0 -05 -1.0
10 hv (V) Binding energy (eV) Binding energy (eV)
d’ ¢ f
25 NaSCN NaSCN
" NaSCN = -
20 g E
£ 2
E1s 2 2
i 2z Ey=Eq-21.22 eV =-391 eV =y
N £ £
1.0 g £ Ey=Ep-E, =559 ¢V
E =
0.5
E,=231eV
0.0 T T y T v v v v T T T
22 24 25 20 19 18 17 16 30 25 20 15 1.0 05 00 -0.5 -1.0
hv (eV) Binding energy (eV) Binding energy (eV)

Fig. S6 (a) & (d) Tauc plots, (b) & (e) the secondary electron cutoff and (¢) & (f) onset

binding energies of NaSCN and KSCN doped CsPbBr; films.
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Fig. S7 J-V curves of HTM-free CsPbBr; PSCs doped with (a) NaSCN and (b) KSCN

at different molar ratio.
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Fig. S8 J-V curves of the CsPbBr; PSCs doped with (a) NaSCN and (b) KSCN under

reverse and forward scanning. Hysteresis index (H-index) = (PCE cyerse

PCEforward)/PCEreverse X 100%.
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Fig. S9 The statistical distribution of PCE for different HTM-free CsPbBr; PSCs.
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Table S1. TRPL decay carrier lifetimes parameters of excitonic transitions for various

CsPbBrj; films deposited on glass.

Devices 71 (ns) 7, (ns) Ay A, Tave (NS)

Pristine 0.11 3.97 72.12% 27.88% 0.15
with NaSCN 0.15 545 75.82% 24.18% 0.22
with KSCN 0.15 5.47 73.14% 26.86% 0.24
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Table S2. Photovoltaic parameters of carbon-based HTM-free CsPbBr; PSCs with

NaSCN dopant at different molar ratio.

Devices Jsc (mA cm2) Voc (V) FF (%) PCE (%)
1% NaSCN 7.45 1.509 75.11 8.44
3% NaSCN 7.61 1.621 80.35 9.91
5% NaSCN 7.32 1.477 76.21 8.23

7% NaSCN 7.14 1.468 74.49 7.88
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Table S3. Photovoltaic parameters of carbon-based HTM-free CsPbBr; PSCs with

KSCN dopant at different molar ratio.

Devices Jsc (mA cm2) Voc (V) FF (%) PCE (%)
1% KSCN 7.29 1.488 75.48 8.18
3% KSCN 7.42 1.522 78.61 8.87
5% KSCN 7.74 1.624 82.57 10.38

7% KSCN 7.31 1.521 76.79 8.53
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Table S4. Summary of the photovoltaic parameters of the state-of-the-art CsPbBr;

PSCs.
: Voc Isc FF  PCE
Cell configuration V) 0(212%) (%) (%) Ref.
FTo/ ;:(‘I(())Zg&\?/‘((:’;l{ CSPbBrs 1624 774 8257 1038 M
FTO/c-T10,/m-TiO,/ CsPbBr;-SnBr, /Carbon 1.370 7.66 8222 8.63 S[1]
FTO/c-TiO,/m-TiO,/CsPbBr;/Carbon 1.220  7.40 84.10 7.37  S[2]
FTO/c-TiO,/m-TiO,/ CsPbBr;-Co/Carbon 1.380  7.48 84.00 8.37  S[3]
FTO/c-TiO,/CsPbBr3/spiro-OMeTAD/Au 1.500 5.60  62.00 540  S[4]
FTO/c-T10,/m-Ti0,/GQDs/CsPbBr;/Carbon 1.458 8.12 82.10 9.72 S[5]
FTO/c-Ti0,/m-Ti0,/CsPbBr; ¢5Cl o2/ Carbon 1.571 7.47 8293 9.73  §[6]
ITO/SnO,/CsPbBr;/PMMA/Carbon 1.580 793 76.51  9.60  S[7]
FTO/c-TiO,/CsPbBr;/Carbon 1.375 7.76 79.31 847  S[8]
FTO/Sb-Ti0,/CsPbBr;/Carbon 1.654  6.70 80.40 891  S[9]
FTO/c-TiO,/CsPbBr;/Carbon 1.490  6.89 79.00  8.11  S[10]
FTO/c-TiO,/CsPbBr;/Carbon 1.510  7.48 84.49  9.55 S[11]
FTO/c-TiO,/CsPbBr3;/Carbon 1.380 8.81 75.00 9.11  S[12]
FTO/c-Ti0,/m-TiO,/ CsPbg g75Sng 12sBrs/carbon  1.360 8.57 69.00 8.04 S[13]
FTO/c—Ti0»/m-TiO,/CsPbBr;/Carbon 1.359 856  72.00 838 S[14]
FTO/c-TiO,/T-CsPbBr;/Carbon 1.595 7.52 81.41 9.82  S[15]
FTO/ TiO,/CsPbBr;/Carbon 1.555 7.96 83.00 10.27 S[16]
FTO/c-TiO,/m-TiO,/ASF/CsPbBr;/Carbon 1.615 7.47 83.56 10.08 S[17]
FTO/c-TiO,/m-Ti0,/CsPbBr;/DCC/Carbon 1.611 7.79 80.96 10.16 S[18]
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Table SS. The stable output current density and PCE of various carbon-based

CsPbBr; PSCs without HTMs at the voltage of maximum power point in Fig. 3f.

Devices Jvpp (MA cm2) PCEwpp (%)
Pristine 5.80 6.40
with NaSCN 6.87 9.55

with KSCN 7.41 10.23
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Table S6. The V. and ny,, values of various CsPbBrs; films.

Samples VrrL (V) Nirap (1014 cm3)

Pristine 0.383 4.596
with NaSCN 0.197 2.364
with KSCN 0.172 2.064
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Table S7. EIS parameters of various carbon-based HTM-free CsPbBr; PSCs.

Devices R (Q cm?) Riec (Q cm?)

Pristine 15.25 47.64
with NaSCN 12.88 67.94
with KSCN 10.29 75.32
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