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S1. Supplementary Figures

Fig. S1. (a) Low magnification and (b) high magnification SEM images of the Ag NWs. The Ag 

NW has a diameter of ~30 nm and length of 100-200 µm. 
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Fig. S2. (a) Photograph of the Ag NW ink and (b) the Ag NW network covered glass substrate. 

The Ag NW ink was spin-coated on the glass substrate under the ambient conditions. The middle 

part in the Ag NW network covered glass substrate was cleaned with cotton and then sintered at 

150 °C for 20 min under nitrogen atmosphere.  
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Fig. S3. (a) Transmittance spectra of the Ag NW networks prepared with different speed of spin-

coating. (b) The resistance of the Ag NW networks as a function of the transmittance (@ 550 nm) 

of the Ag NW networks. The resistance was measured using four-point probe equipment in the 

area of 1.4×1.4 cm2 and more than 13 points were collected in such area for the statics. The FTO 

and ITO glass substrate were also tested and plotted in the figure for comparison. The results show 

that the transparent Ag NW network-based electrode has comparable or even better conductivity 

and transparency than the FTO or ITO-based electrode.  
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Fig. S4. The flexible PEN/Ag NW substrate is adhered on a pre-stretched elastomer to study the 

evolution of the conductivity with compression. 
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Fig. S5. Resistance of the PEN/Ag NW network on the (a) glass/PDMS supporting substrate and 

peeled away from the glass/PDMS and adhered on a pre-stretched elastomer. During transforming 

the PEN/Ag NW electrode no significant difference in the resistance was observed. 
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Fig. S6. Schematically present the fabrication processes of the flexible CQD solar cell. The 

glass/PDMS is used as a supporting substrate for the solar cell fabrication, such as spin-coating, 

annealing and Au deposition. After completed the device fabrication, the solar cell is peeled away 

from the glass/PDMS supporting substrate. Details are described in the Experimental section in 

the manuscript. 
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Fig. S7. SEM image of (a) the Ag NW network and (b) the network covered with AZO NP layer.

Fig. S8. Transmission spectra of the glass substrate covered with Ag NWs and Ag NWs/AZO. 
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Fig. S9. (a) TEM image of PbS CQD capped by oleic acid. (b) Absorption and normalized 

photoluminescence spectra of PbS CQD. 
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Fig. S10. AFM images of (a) the deposited AZO nanoparticle layer and (b) PbS CQD solid layer. 
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Fig. S11. Cross-sectional SEM image of the CQD solar cell fabricated on the traditional glass/ITO 

substrate. 

 

Fig. S12. Cross-sectional SEM image of the CQD solar cell fabricated on the glass substrate with 

the Ag NWs as front transparent electrode. The Ag NWs were draw out from the Ag NWs/AZO 

layer during cutting the sample for the measurement and left holes in the Ag NWs/AZO layer.
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Fig. S13. J-V curves of the flexible CQD solar cell with Ag NWs as front electrode. The forward 

(from Jsc to Voc) and backward (from Voc to Jsc) scanning were performed for the measurements 

and no hysteresis is observed.  The voltage step of 10 mV with a delay of 10 ms is applied to 

record the J-V curves.
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Fig. S14. J-V curves of the flexible CQD solar cell with different voltage scanning step. The 

voltage scanning step with a value of 1-100 mV and a delay of 10 ms were applied for the 

measurement. There is no noticeable difference when different voltage scanning step was applied 

for the measurement. 

Fig. S15. Integrated photocurrent density from the IPCE results for the CQD solar cell with 

different substrate and front transparent electrode. The calculated photocurrent density is in good 

agreement with the photocurrent density measured from the J-V measurement. 
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Fig. S16. The flexible CQD solar cell is sticked to a pre-stretched elastomer via wan der Walls 

bonding. The pre-stretched elastomer is slowly relaxing and the I-V curves are recorded under 

AM1.5G 100 mW cm-2. For the cyclic compression-stretching measurement, the elastomer is 

repeated stretched and relaxed and then the I-V curves are recorded. 

Fig. S17. IPCE spectra of the CQD solar cell under compression.
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Fig. S18. (a) Low magnification and (b) high magnification SEM image of the flexible CQD solar 

cell under 30% compression.
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Fig. S19. SEM image of the flexible CQD solar cell re-stretched back to flat from (a) 10% 

compression, (b) 30% compression and (c) 60% compression.  
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Fig. S20. I-V curves of the flexible CQD solar cell with cyclic compression-stretching.
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Fig. S21. (a) Voc, (b) Jsc and (c) FF metrics plotted at each 30% compression-stretching during 40 

cycles. 
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Fig. S22. IPCE spectra of the CQD solar cell under compression-stretching.

Fig. S23. Device efficiency metrics plotted at each 30% compression-stretching in parallel to the 
Au electrode.  
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S2. Supplementary Tables

Table S1. Photovoltaic parameters and specific weight of different lightweight solar cells. 

Solar Cells Voc

(V)

Jsc (mA cm-2) FF PCE

(%)

Specific Weight

(W g-1)

Ref.

PSC 0.926 17.6 0.73 11.9 22.88 1

α-Si/nc-Si 1.26 10.04 0.64 8.12 0.135 2,3

CdTe 0.765 20.9 0.71 11.4 2 4

CIGS PI 0.712 34.8 0.757 18.7 3.04-3.12 5

α-Si 0.888 14.3 0.7 8.8 0.125-0.957 6,7

InP 0.62 29.6 0.55 10.2 2 8

Poly-c Si 0.654 38.1 0.795 19.8 0.322 9

Mono-c Si 0.696 42.0 0.836 24.4 0.3965 9,10

3-mil Si - - - 14.1 0.676 11

InGaP/GaAs - - - 20.9 0.319 11

InGaP/GaAs/Ge - - - 23.9 0.360 11

CIGS glass 0.712 36.1 0.779 20.04 0.0264 12

OSC 0.58 11.9 0.61 4 10 13

CQD 0.64 24.6 0.63 9.9 15.2 This work

Abbreviation: CIGS, copper indium gallium selenide; OSC, organic solar cell; PSC, perovskite 

solar cell. 
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Table S2. Summarized photovoltaic performance of flexible quantum dot solar cells. 

Device structure Voc

(V)

Jsc (mA 
cm-2)

FF PCE

(%)

Ref.

PET/ITO/PbS-MPA/MoO3/Au a) 0.59 22.9 0.54 7.2 14

Ti/ZnO/CdS b) 3.7 0.41 0.49 0.74 15

Ti/ZnO/ZnSe/CdSe b) 0.64 15.3 0.53 5.1 16

Ni/TiO2/CdSe b) 0.58 9.9 0.61 3.6 17

Ti/Zno/CdS/CdSe b) 0.36 23.7 0.4 3.4 18

PET/ITO/ZnO/PbS-MPA/P3HT/Au a) 0.56 12.1 0.5 3.4 19

PET/SWCNTs/PEDOT:PSS/CQDs/PCBM/Ag 

a)

0.55 18.7 0.55 5.6 20

PET/MoO3/Au/MoO3/PbS-MPA/ZnO/Al a) 0.59 19.5 0.59 6.8 21

ZnO/CdSe b) 0.58 2.70 0.47 0.74 22

PET//ITO/MZO/PbS-TBAI/PbS-EDT/Au  a) 0.62 24.5 0.62 9.4 23

PEN/Ag NWs/AZO/PbS-PbX2/PbS-EDT/Au  a) 0.64 24.6 0.63 9.9 This 

work

a) Heterojunction colloidal quantum dot solar cell
b) Sensitized quantum dot solar cell
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Table S3. Summarized photovoltaic performance of the solar cell with Ag NWs as front transparent 

electrode. 

Device Voc (V) Jsc (mA cm-2) FF PCE %) Ref.

OSC 0.75 8.6 0.39 2.5 24

0.77 17.9 0.65 8.8 25

0.67 13.1 0.57 5.2 26

0.59 19.5 0.59 6.8 21

- 1.54 - 0.38 27

0.46 2.91 0.60 1.1 28

- 8.37 - 1.9 29

 0.44 7.20 0.43 1.3 30

0.55 7.7 0.61 2.6 31

0.59 8.6 0.46 2.4 32

0.76 10.7 0.53 4.3 33

0.71 10.45 0.41 3.04 34

0.76 17.83 0.64 8.57 35

DSSC 0.76 15.1 0.65 7.4 36

- 9.7 0.69 4.6 37

Si 0.59 24.5 0.4 5.7 38

PSC 0.96 13.2 0.39 4.9 39

0.92 16.5 0.49 7.5 40

CQD 0.64 24.6 0.63 9.9 This work
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