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 I(t) = A e-t/ + B.

Light absorber (ns) A B

SBI 489 2.739 0.729

Cu2.5:SBI 413 0.904 0.434

Cu5:SBI 349 0.749 0.504

Cu10:SBI 256 0.732 0.203
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Fig. S1 XPS spectra of Cu 2p for the as-prepared SBI and Cu5:SBI powders.  
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Figure S2. Static PL spectra of SBI (a) and Cu2.5-SBI. 
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Fig. S2  SEM images of bare SBI (a) and Cu2.5:SBI (b) films coated on the mesoporous 
TiO2 layer using the coating solutions of various concentrations. All scale bars indicate 500 
nm.



Fig. S3  Depth profile for the atomic composition for a Cu2.5:SBI film coated on a 
mesoporous TiO2 layer. Secondary ion mass spectrometer (SIMS, AMETEK, IMS 4FE7) was 
applied for the data acquisition.  



Fig. S4  UPS spectrum for the high binding-energy region of SBI film coated on a 
mesoporous TiO2 layer while its low-binding-energy region is shown in the inset.
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Concentration for 
Cu2.5:SBI coating

VOC
(mV)

JSC
(mA/cm2)

FF
(%)

PCE
(%)

0.25M 538 6.41 57.64 1.99

0.35M 608 6.91 58.61 2.46

0.45M 577 6.47 55.18 2.06

0.55M 532 5.83 54.90 1.70

Fig. S5  J-V curves and PV parameters of various SC-Cu2.5:SBI devices depending on the 
concentration of coating solution in preparing Cu2.5:SBI films.
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Fig. S6  J−V curves of the SC-Cu2.5:SBI measured under various light intensities.



Fig. S7  (a) The modeled Ag12Bi6I30 
structure of SBI (Ag2BiI5). (b) The Ag12/5Bi6/5I6 cell 

(blue) is transformed to Ag12Bi6I30 
supercell (black) by multiplying matrix 

[[2,1,0],[1,3,0],[0,0,1]] (red arrow).
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Fig. S8  (a) The modeled structure of Cu-doped SBI. (b) The electrostatic energy based on 
the formal charge of I(-1), Ag(+1), and Bi(+3) for all possible configurations of partially 
occupied Ag12Bi6I30 (SBI). The 10 most energetically favorable configurations are selected 
based on the electrostatic energy. (c) Comparison on energetics obtained from DFT and 
electrostatic calculations for 10 selected SBI configurations. The lowest DFT energy 
configuration is shown by the blue filled square. (d) The comparison on the DFT energies of 
12 different Cu substitutions in the Cu-doped SBI model. The DFT energy for the lowest 
energy configuration is indicated by the green filled square.



Fig. S9  Accumulated orbital decomposed partial density of states of I p-orbital, Bi p-orbital,  
Ag d-orbital, Cu d-orbital of SBI (a) and Cu:SBI (b). 


