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Figure S1. AFM images of CsPbBrj; (a and b) and CsPb 99sC0g 002Br13 (¢ and d) films.
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Figure S2. UPS spectrum (a), the cut-off energy (E...ofr) region (b), the Fermi edge
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(EF, cdge) Tegion (c), and Tauc plots (d) of TiO, ETL.
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Figure S3. UPS spectrum (a), the cut-off energy (E...or) region (b), the Fermi edge
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(EF, cdge) Tegion (c), and Tauc plots (d) of CsPbBrj; film.
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Figure S4. UPS spectrum (a), the cut-off energy (E...off) region (b), the Fermi edge
(EF, cdge) Tegion (c), and Tauc plots (d) of CsPby 995C00.002Br3 film.
Table S1. Energy levels of the TiO, ETL, CsPbBr; and CsPbg¢9sC0¢00:Br13 layers

calculated from the UPS and Tauc plots data”.

. Ecut-off EF, edge Eg EF EVB ECB
Functional layer

(eV) (eV) (eV) (eV) (eV) (eV)

TiO, 16.66 2.81 3.40 4.56 -7.35 -3.95

CsPbBr; 16.69 1.09 2.31 4.53 -5.62 -3.31

CsPbg.998C00.002Br13 16.72 1.19 2.29 4.50 -5.69 -3.40

*The Fermi levels (Er) is calculated from the equation of Ep=E.,..f (cut-off binding
energy)-21.2 eV (emission energy from He irradiation); the valence band maximum
(Evp) 1s calculated from the equation of Eyg= Eg-Ef cqge; the energy bandgap (E,) 1s

obtained from the Tauc plots; the Ecp is determined from E, and Eyg [S1].
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Figure S5. J-V curves of the CsPbBr; and CoBr, doped CsPbBr; planar PSCs.

Table S2. Photovoltaic parameters of the CsPbBr; and CoBr, doped CsPbBr; planar

PSCs.
Perovskite composition Voc/V Jso/mA cm2 FE/% PCE/%
CsPbBr; 1.301 6.79 77.08 6.81
Cst0.999C00'001Br3 1.311 6.85 79.99 7.18
CsPby 99gC00,002Br13 1.357 7.45 84.84 8.57
CSPb0,997C00.003Br3 1332 692 7992 736
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Figure S6. IPCE curves and integrated J. of the CsPbBr; and CsPbg 99sC0¢ 002 B13

planar PSCs.



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2019

=
(=]
o

@ CsPby 4500 o585

*— CsPb

4 CsPby gggC0p g54Bry
—0—CsPbBr,

(a.u)

0.997C 00.003Br3

)

CSPby 95C00 02813

=
o
0

R0 997C 00,0038
TragaCO0.001BT3

PL intensity (a.u.)

-
o
IS

Normalized intensit
=
(=]
w

520 530 540 550 560 0 20 40 60 80 100
(a) Wavelength (nm) ( ) Time (ns)

o

Figure S7. PL (a) and TRPL (b) spectra of the CsPbBr; and CoBr, doped CsPbBr;
films.

Table S3. TRPL key parameters of the CsPbBr; and CoBr, doped CsPbBr; films.

Samples Tave /NS T;/nS T, /ns A /% Ay/%
CsPbBr; 2.55 8.60 0.24 72.36 27.64
CsPbg.999C00 001 Br3 3.34 9.20 0.25 64.71 35.29
CSPb0'998C00.002Br3 1 07 1 1 5 74 296 6058 3942
CsPby .997C00,003Br13 6.34 9.74 0.26 64.09 3591
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