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Table S1 Comparison to the state-of-the-art buffer layer/transparent conductive 

electrodes stacks for semitransparent perovskite solar cells.

 Buffer layer/TCEs PCE JSC

mA/cm2

VOC

V

FF Ref

MoOx/ITO 6.2% 14.5 0.82 0.52 [1]

MoOx/IZO 10.3% 17.5 0.87 0.68 [2]

MoOx/AZO 12.1% 16.7 1.03 0.70 [3]

MoOx/InOx:H 14.2% 17.4 1.10 0.73 [4]

ITO NPs/ITO 15.1% 19.9 1.10 0.69 [5]

MoOx/IOH/ITO 16.4% 20.1 1.07 0.76 [6]

MoOx/ITO 16.7% 22.0 1.01 0.75 [7]

Ag NPs/ITO 17.7% 21.5 1.06 0.77 [8]

n-
i-p

MoOx/IZO 19.0% 22.3 1.12 0.76 [9]

AZO NPs/ITO 12.3% 16.5 0.95 0.78 [10]

ITO 13.6% 16.7 1.08 0.75 [11]

SnOx/ZTO/ITO 15.8% 20.3 0.97 0.79 [12]

ZnO NPs/ZnO/ITO 16.4% 20.3 1.07 0.76 [13]

SnOx/ZTO/IZO 18.2% 20.8 1.12 0.78 [14]

p-
i-n

BCP:Ag/IZO 18.19% 21.1 1.08 0.801 This work



Fig. S1 The photovoltaic parameters statistics of the semi-transparent perovskite solar 

cell with and without Ag.



Fig. S2 The efficiency history of semi-transparent perovskite solar cell (illuminated 

from the glass side).



Table S2 The J−V parameters of the semi-transparent solar cells with different Ag thickness.

Ag thickness VOC (V) JSC (mA/cm2) FF (%) PCE (%)

0 nm 1.073 20.95 71.8 16.14

0.5 nm 1.075 21.02 78.7 17.78

1 nm 1.076 21.14 80.1 18.19

2 nm 1.076 20.99 80.0 18.06



Fig. S3 a) The optical transmittance of the IZO cathodes in the wavelength range of 300-

1200 nm with and without Ag layer. b) The optical transmittance of the 1nm Ag layer 

in the wavelength range of 300-1200 nm.



Fig. S4 The optical transmittance of the semi-transparent perovskite solar cell in the 

wavelength range of 300–1200 nm with and without Ag layer. The transmittance of the 

semi-transparent perovskite solar cell in the wavelength range between 800 nm to 1200 

nm is about 73.1%



Table S3 Summary of the PL lifetime parameters from fitting curves of the PL decay 

measurements.

Sample A1(%) τ1(ns) A2(%) τ2(ns) τAvg.(ns)

PVK/C60/BCP/IZO 10.73 1.76 89.27 14.68 14.48

PVK/C60/BCP/Ag/IZO 26.12 0.84 73.88 8.12 7.86



Fig. S5 Nyquist plots obtained from the electrochemical impedance spectroscopy (EIS) 

measurement of semi-transparent perovskite solar cells with and without Ag.



Fig. S6 a) The UPS spectrum and b) the Fermi edge for the thick Ag film



Fig. S7 The top-view AFM images of a) BCP, b) BCP/IZO and c) BCP/Ag.



Fig. S8 The chemical structure of BCP



Fig. S9 The XPS high resolution spectra of C 1s for Ag, BCP and Ag/BCP.



Fig. S10 The angle-resolved XPS (ARXPS) measurements with 90˚, 60˚, 30˚, and 15˚ 

photoelectron take-off angles for BCP/Ag. The bare Ag measurements with 90˚ was 

also shown as the reference.



Fig. S11 a) The HAADF image and b) the corresponding depth-profiling EELS data of 

BCP:Ag based semi-transparent device. c) The EELS line scan across the 

IZO/BCP:Ag/C60 contact stack. 
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Fig. S12 The efficiency history of four terminal perovskite/Si tandem solar cell with 

n-i-p [39, 40, 42, 43, 45, 50, 51] and p-i-n[46, 49, 52-54].
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