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Fig. S1 (a) SEM image and (b) EDS mapping of perovskite film treated with a higher Ag 

concentration (30 mg/L).
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Fig. S2 Surface potential of perovskite films (a) without and (b) with Ag NPs.
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Fig. S3 UV-vis absorption spectra of Ag NPs with different sizes.
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Fig. S4 (a) TT and (b) VT spectra of perovskite films without and with Ag NPs.
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Fig. S5 UV-vis absorption spectra of perovskite films without and with toluene 

modification.
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Fig. S6 Band gap calculation of different perovskite films based on IPCE spectra.
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Fig. S7 Cross-sectional SEM image of PSC device.
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Fig. S8 PCEs of devices with different concentrations of Ag NPs.
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Fig. S9 Performance distributions of 50 PSCs without and with Ag NPs.
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Fig. S10 Dark J-V plots of PSCs without and with Ag NPs.
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Fig. S11 Hysteresis characteristics of PSCs without (a) and with (b) Ag NPs.
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Table S1 TRPL decay parameters of perovskite films without and with Ag NPs.

Perovskite A1 (%) τ1 (ns) A2 (%) τ2 (ns) τave (ns)

PVK 0.72 95.33 0.32 468.86 351.62

PVK/Ag 0.66 76.49 0.39 478.29 392.71

TRPL spectra are fitted with a bi-exponential decay model: 

, where I0 is a constant for baseline offset, τ1 is the fast 𝐼𝑡= 𝐼0 + 𝐴1𝑒𝑥𝑝( ‒ 𝑡/𝜏1) + 𝐴2𝑒𝑥𝑝( ‒ 𝑡/𝜏2)

component related to trap-assisted non-relative recombination and τ2 is the slow 

component corresponding to radiative recombination. A1 and A2 represent relative 

amplitudes of fast and slow processes, respectively. The average carrier lifetimes (τave) can 

be calculated by the following equation: .𝜏𝑎𝑣𝑒= (𝐴1𝜏21 + 𝐴2𝜏22)/(𝐴1𝜏1 + 𝐴2𝜏2)
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Table S2 Summary of average photovoltaic parameters of different devices.

Perovskite Jsc (mA cm-2) Voc (V) FF (%) PCE (%)

PVK 2.57 ± 0.12 1.08 ± 0.015 68.41 ± 1.54 1.85 ± 0.19

PVK/Ag 3.33 ± 0.08 1.11 ± 0.013 69.51 ± 1.23 2.57 ± 0.12
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Table S3 Summary of photovoltaic parameters for previously reported Cs2AgBiBr6 PSCs.

Device structure Jsc

(mA cm-2)

Voc 

(V)

FF 

(%)

PCE 

(%)

Ref.

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6/Ag/C 3.41 1.12 0.71 2.69 This 

work

ITO/SnO2/Cs2AgBiBr6/P3HT/Au 1.78 1.04 0.78 1.44 [1]

FTO/c-TiO2/Cs2AgBiBr6/P3HT/Au 1.79 1.12 0.68 1.37 [2]

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6/Spiro- 

OMeTAD/Au

3.93 0.98 0.63 2.43 [3]

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6/N719/Spiro- 

OMeTAD/Ag

5.13 1.06 0.52 2.84 [4]

ITO/Cu-NiO/Cs2AgBiBr6/C60/BCP/Ag 3.19 1.01 0.69 2.23 [5]

FTO/Ti3C2Tx@TiO2/Cs2AgBiBr6/Spiro-

OMeTAD/MoO3/Ag

4.14 0.96 0.70 2.81 [6]

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6/Spiro-

OMeTAD/Au

3.2 1.09 0.68 2.3 [7]

FTO/TiO2/Cs2AgBiBr6/Spiro-OMeTAD/MoO3/Ag 3.82 1.01 0.65 2.51 [8]

FTO/c-TiO2/m-TiO2/C-Chl/Cs2AgBiBr6/Spiro-

OMeTAD/Au

4.09 1.04 0.73 3.11 [9]

FTO/c-TiO2/

m-TiO2/Cs1.99Li0.01AgBiBr6/C

3.15 1.17 0.69 2.57 [10]

FTO/c-TiO2/Cs2AgBiBr6/P3HT/Cu 2.58 1.07 0.69 1.91 [11]

ITO/SnO2/Cs2AgBiBr6/Spiro-OMeTAD/MoO3/ITO 2.20 0.97 0.74 1.56 [12]
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FTO/c-TiO2/m-TiO2/D149/Cs2AgBiBr6/Spiro-

OMeTAD/Ag

8.24 0.73 0.70 4.23 [13]

FTO/ c-TiO2/

m-TiO2/Cs2AgBiBr6-1.0MABr / PTB7/ Au

3.5 0.95 0.76 2.53 [14]

ITO/SnO2/Cs2AgBiBr6/Zn-Chl/Ag 3.83 0.99 0.74 2.79 [15]

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6/PMMA/C 2.82 1.18 0.68 2.25 [16]

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6-GuaSCN/Spiro-

OMeTAD/Ag

5.24 1.04 0.58 3.19 [17]

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6/ Spiro-OMeTAD 

/Au

1.77 1.05 0.72 1.33 [18]

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6-

(PEA)4AgBiBr8/Spiro-OMeTAD /Au

3.50 1.07 0.66 2.47 [19]

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6-BMPyr/C 2.61 1.20 0.71 2.22 [20]

FTO/c-TiO2/Cs2AgBiBr6/PBDB-T/MoOx/Ag 3.37 1.28 0.77 3.31 [21]

FTO/m-TiO2/Cs2AgBiBr6/SnS QDs/C 3.74 1.02 0.51 1.95 [22]

ITO/SnO2/Hydrogenated-Cs2AgBiBr6/Spiro-

OMeTAD/Au

11.40 0.92 0.61 6.37 [23]

FTO/m-TiO2/Cs2(Ag0.9Zn0.1)BiBr6/C 4.23 1.00 0.51 2.16 [24]

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6-thiourea/Spiro-

OMeTAD/Au

5.14 1.03 0.58 3.07 [25]

FTO/c-TiO2/m-TiO2/Cs2AgBiBr6/PyDAnCBZ/Au 3.73 1.06 0.74 2.92 [26]
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ITO/SnO2/Cs2AgBiBr6-CBH/Spiro-OMeTAD/Au 2.03 1.05 0.59 1.57 [27]
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