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Table S1 The comparable summary of large-area / semi-transparent devices.

Area PCE AVT
Systems (cm?) (%) (%) Top electrode Ref
PM6:1D-4Cl 1 1.11 a4 UTMF 1
PBTZT-stat-BDTT-8:
4TICO 1.1 3.9 30 PH1000 2
PTB7-Th: PC;;BM 4 6.93 11.5 With Grids 3
PffBT4T-20D:
PCs,BM:PC,,BM 1.1 5.8 6 PEDOT:PSS 4
6.44 UTMF
PBDTT-F-TT: PC;;BM 1 7.21 - Cross Grids 5
6.57 Double Cross Grids
6.67 21.36 15 nm UTMF
PTB7-Th: Coi8DFIC: This
PC,,BM 1.25 7.74 18.27 UTMF + Busbar 1 Work

8.06 15.84 UTMF + Busbar 2



Table S2 Basic efficiency statistics of mainstream semitransparent systems, all are small-area (0.04

cm?) rigid device efficiency.

Systems Year | PCE (%) | AVT (%) Top electrode Ref
2.9 24.7 Au/Ag Electrodes
P3HT:PCs;,;BM 2017
3.2 19.0 Dielectric Mirrors Electrodes
5.5 34.1 Au/Ag Electrodes
PTB7:PC;;BM 2017
6.4 16.9 Dielectric Mirrors Electrodes 6
5.4 27.6 Au/Ag Electrodes
PTB7-Th:PC;;BM 2017 7.0 12.2 Dielectric Mirrors Electrodes
6.4 11.5 Au/Ag Electrodes
PTB7-Th:FNIC1 9.14 14.7
2018 Ag Electrodes 7
PTB7-Th:FNIC2 11.6 13.9
PTB7-Th:Coi8DFIC 6.17 23.99
PTB7-Th:Coi8DFIC:IEICO- | 2018 Ag Electrodes 8
9.37 17.23
4F
PTB7-Th:IEICO-4F 2019 8.35 25.3 Au/Ag Electrodes 9
8.81 21.8
PTB7-Th:PC;,BM
8.65 25
2019 Photonic Crystals Electrodes 10
10.97 20.6
PTB7-Th:IEICO-4F
11.25 21.5
8.26 28.1
J71:IHIC Dielectric Mirrors Electrodes
8.48 21.5
8.93 25.8
J71:PTB7-Th:IHIC 2019 Dielectric Mirrors Electrodes | 11
9.37 21.4
8.33 27.5 Flexible
PBDB-T:PTB7-Th:IHIC
8.76 20.6 Dielectric Mirrors Electrodes
PM6:Y6 2020 | 12.37 18.6 Au/Ag Electrodes 12
PBT1-C-2Cl:Y6 2020 11.7 19.7 Au/Ag Electrodes 13
PBDB-T-2F:Y6 2020 | 12.59 17 Ag Electrodes 14
10.68 12.54 30nm Ag This
PTB7-Th:Coi8DFIC:PC¢;BM | 2020 Wor
10.27 16.15 20nm Ag



Table S3 Device parameters of the studied organic solar cells with different types of top electrodes.

Area Voc Jsc FF PCE AVT AVT PCE
Top electrode
(cm?) (V) (mA/cm2) (%) (%) (%) loss gain
1.25 20 nm 0.67 21.52 55.84 8.05 16.49 —= —
1.25 20nm + Busbar 1 0.68 21.17 57.18 8.23 13.75 17.6% 1.02
1.25 20nm + Busbar 2 0.70 20.43 56.65 8.10 15.85 3.8% 1.006
1.25 15 nm 0.67 18.91 52.65 6.67 21.36 —_ —_—
1.25 15 nm + Busbar 1 0.68 21.39 55.41 8.06 15.84 258% 1.20
1.25 15 nm + Busbar 2 0.68 20.84 54.62 7.74 18.27 14% 1.16
1.25 15 nm + Busbar 3 0.68 19.51 52.77 7.00 20.84 2.4% 1.04
1.25 15 nm + Busbar 4 0.68 19.25 54.48 7.13 20.43 4.3% 1.06
1.25 10 nm 0.67 7.43 23.51 1.17 25.14 —= —
1.25 10 nm + Busbar 3 0.68 14.83 35.00 3.53 2371 5.68% 3.01
1.25 10 nm + Busbar 4 0.68 15.80 38.07 4.09 22.67 9.82% 3.49

Bottom electrode:

There are three steps for fabrication of bottom electrode. First of all, by blading the UV glue was
deposited on top of glass substrate, and then was processed to designed pattern by photolithographing.
Through the pattered UV films, a Ni master plate was then fabricated as a mask. Pattering the PET
substrate was the second step: blading the UV glue on the top of the PET substrate, and then forming
a mask-like pattern on PET by embossing the nickel master on top of the UV glue. Finally, the Ag nanoink
was filled into the groove by blading, and then sintered at 150°C for 15 min.

Top electrode:

The four types of UTMF+Busbar were fabricated by a template which was obtained by laser cutting
technology with an industrial compatible laser equipment (USA Newport Laser uFAB / Spirit ps 1040-
10 ). The laser cutting process is shown in Figure S4 c and d. Then, the template is placed on the top of
the UTMF as a mask.

Figure S1 Large-area flexible semitransparent organic solar cells fabrication process and diagram of

laser assist grids integration process.



Figure S2 Diagram of BFTE. (a) photo of our high transparency BFTE (b) Vapor-deposited large-area
flexible semitransparent device photo, it effective area is 1.25 cm?. (c) Optical microscopy and SEM
images of the Ag silver grids substrate. (d) In the area of hexagonal meshes, hexagon silver grids

connected like a honeycomb structure.
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Figure S3 AFM and TEM images of active layer fabricated with PET/ITO (a, c) and PET/silver grid (b, d)

substrate.
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Figure S4 (a-b) Exciton generation rate of PET/Sliver grids substrate and PET/ITO substrate devices. (c)
EQE curves of large-area flexible opaque organic solar cells and large-area flexible semi-transparent

organic solar cells.
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Figure S5 The J-V curves and transmittance of different flexible large-area semitransparent devices.
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