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Experimental Procedures
Substrates:

All photovoltaic devices were fabricated in superstrate configuration. Polished soda-lime glass substrates of 1.1 mm thickness were
either purchased with indium tin oxide coating (ITO, Luminescence Technology, CAS: 50926-11-9) or coated with a 230 nm IO:H front
electrode. For single-junction solar cell fabrication, 16x16 mm? substrates with pre-patterned ITO were utilized while for submodule
fabrication, 30x30 mm? substrates with unpatterned ITO were laser scribed as discussed below. 2-terminal perovskite-perovskite
tandem solar cells and modules were fabricated on the 10:H coated glass substrates.

Single-junction perovskite solar cell fabrication:

Materials, solution precursors and solvents: 2PACz (TCI, CAS: 20999-38-6), Lead iodide (Pbl,, TCI, CAS: 10101-63-0) and Lead Bromide
(PbBr,, TCI, CAS: 10031-22-8), Formamidinium iodide (FAI, Dyenamo, CAS: 879643-71-7), Methylamonium Bromide (MABr, Greatcell
Solar, CAS: 6876-37-5), Cesium lodide (Csl, abcr, CAS:7789-17-5), Fullerene-C¢, (Cgo, Sigma-Aldrich, CAS: 99685-96-8) and
Bathocuproine (BCP, Lumescence Technology, CAS:4733-39-5). Solvents including N,N-dimethylformamide 299.9% (DMF,
anhydrous, 99.8%, CAS: 68-12-2), Dimethyl Sulfoxide anhydrous 299.9% (DMSO, CAS: 67-68-5), and Ethyl Acetate anhydrous 99.8%
(EA, CAS: 141-78-6) were ordered from Sigma-Aldrich. Ethanol absolute 99.8% was ordered from VWR Chemicals.

Layer fabrication: ITO substrates (sheet resistance 15 Q/sq, Luminescence Technology, CAS: 50926-11-9) were cleaned with acetone
and isopropanol in an ultrasonic bath for 10 min each. The substrates were further treated with oxygen plasma for 3 min. As HTL,
2PACz (TCI, CAS: 20999-38-6) was deposited on the ITO substrates by spin-coating at 3000 r.p.m. for 30 s and was subsequently
annealed at 100 °C for 10 min. The 2PACz solution was prepared by dissolving 2PACz in anhydrous ethanol with a concentration of
1 mM. The prepared solution was put in an ultrasonic bath for 20 min before it was used. The perovskite precursor solution was
prepared by mixing Pbl, (1.3 M), PbBr, (0.14 M), Csl (0.07 M), MABr (0.14 M) and FAI (1.2 M) in a mixture of DMF:DMSO (4:1). The
perovskite films were spin-coated on the substrates at 1000 r.p.m. (200 r.p.m. s7!) for 10 s and 5000 r.p.m. (2000 r.p.m. s*) for 30 s.
15-20 s after the start of the second step, ethyl acetate (150 pL) was casted at the center of the spinning substrate. The samples
were then annealed at 100 °C for 45-60 min in nitrogen atmosphere. The absorber deposition was optimized to achieve a layer
thickness of 600 nm. As the electron transport layer, 25 nm of C¢ and 7 nm BCP, were thermally evaporated at a rate of 0.1-0.2 A s-
1 while maintaining a maximum pressure of 10® mbar. Finally, 75 nm of Au were thermally evaporated using a shadow mask with an
active area of 10.5 mm? to complete the perovskite solar cells with 4 pixels per substrate.

Single-junction perovskite solar module fabrication:

Materials, solution precursors and solvents: 2PACz (TCl, CAS: 20999-38-6), Formamidinium iodide (FAI, Dyenamo, CAS: 879643-71-
7), Cesium lodide (Csl, abcr, CAS: 7789-17-5), Lead iodide (Pbl,, TCI, CAS: 10101-63-0), Lead Bromide (PbBr,, TCI, CAS: 10031-22-8),
Lead Chloride (PbCl,, TCI, CAS: 7758-95-4), Methylammonium Chloride (MACI, Dyenamo, CAS: 593-51-1), Lithium Fluoride (LiF,
Sigma-Aldrich, CAS: 7789-24-4), Fullerene-Cg (Cgo, Sigma-Aldrich, CAS: 99685-96-8), Bathocuproine (BCP, Lumescence Technology,
CAS: 4733-39-5). Solvents including N,N-dimethylformamide >99.9% (DMF, anhydrous, 99.8%, CAS: 68-12-2), Dimethyl Sulfoxide
anhydrous >99.9%, Ethyl Acetate anhydrous 99.8%, Chlorobenzene anhydrous 99.8% (CB, CAS: 108-90-7) and Ethanol absolute
99.8% were ordered from Sigma-Aldrich.

Layer fabrication: The perovskite submodules with the layer stack glass/ITO/2PACz/Csg.17FAos3Pb(lg.92Bro.08)3/LiF/Ceo/BCP/Au were
fabricated following the device fabrication process described below. Glass substrates with 120 nm thick ITO coating (sheet resistance
15 Q o, Luminescence Technology) and laser scribed P1 lines were cleaned for 10 min in an ultrasonic bath with deionized (DI) water,
acetone, and isopropanol, followed by 3 min treatment with oxygen plasma. A thin 2PACz HTL prepared by dissolving 2PACz powder
in anhydrous Ethanol at a concentration of 1 mmol I'* was deposited on the ITO substrate by spin-coating at 3000 r.p.m. for 30 s,
followed by an annealing step at 100 °C for 10 min. The precursor solution of the double-cation Csg 17FAq g3Pb(lg.92Bro.0s)3 perovskite
absorber layer was prepared by dissolving 0.83 mmol FAI (143 mg), 0.17 mmol Csl (44 mg), 0.88 mmol Pbl, (444 mg, 10% excess of
Pbl,), and 0.12 mmol PbBr, (46 mg) in a 1 mL solvent mixture of DMF:DMSO 4:1 volume ratio. Afterward, as a bulk passivation
additive, 35 pL of PbCl,:MACI solution with a molar ratio of 1:1 dissolved in 1 mL DMSO was added to the reference perovskite
precursor solution. The solution was deposited on top of the HTL by a two-step spin coating process: i) 1000 r.p.m. (acceleration
2000 r.p.m. s1) for 10 s, ii) 5000 r.p.m. (acceleration 2000 r.p.m. s) for 40 s. 150 uL CB was poured on the spinning substrate 20 s
before the end of the second step. The samples were annealed at 100 °C for 30 min in an inert atmosphere. After the annealing step
was finished, 1 nm lithium fluoride (LiF), 23 nm Cg, (Sigma) and 3 nm bathocuproine (BCP, Luminescence Technology) were thermally
evaporated with an evaporation rate of 0.1-2 A s at a pressure of 106 mbar. After laser scribing the P2 lines, a 75 nm thick gold
layer was deposited via thermal evaporation. Last, the P3 line was laser scribed. All utilized laser scribing parameters followed the
ones described below.

2-terminal perovskite-perovskite tandem solar cells and modules:

Materials, solution precursors and solvents: Formamidinium lodide (FAI, GreatCell, CAS: 1415238-77-5), Methylammonium lodide
(MAI, GreatCell, CAS: 14965-49-2), Tin lodide (Snl,, Sigma-Aldrich, 99.999%, CAS: 7790-47-8), Lead lodide (Pbl,, Alfa Aesar, 99.999%,
CAS: 10101-63-0), Lead Thiocyanate (Pb(SCN),, Sigma-Aldrich, 99.5%, CAS: 592-87-0), Tin Fluoride (SnF,, Sigma-Aldrich, 99%, CAS:
7783-47-3), FABr, CsBr (Alfa Aesar), Lead Bromide (PbBr,, TCI, CAS: 10031-22-8), PEDOT:PSS dispersion (Ossila, Al 4083, CAS: 155090-
83-8) and Poly(bis(4-phenyl)(2,4,6-trimethylphenyl)amine (PTAA, 2 mg ml in toluene, CAS: 1333317-99-9). Solvents including N,N-



dimethylformamide (DMF, anhydrous, 99.8%, CAS: 68-12-2), Dimethyl Sulfoxide (DMSO, anhydrous, 299.9%, CAS: 67-68-5) and Ethyl
Acetate (CAS: 141-78-6) were ordered from Sigma-Aldrich.

Layer fabrication: The fabrication followed the recipes described in our previous work.! Glass substrates coated with a 230 nm thick
10:H front electrode were cleaned in deionized water, acetone and isopropanol in an ultrasonic bath for 10 min, respectively.
Immediately before layer fabrication, the substrates were treated with oxygen plasma for 3 min. For HTL deposition, 70 ul of 2PACz
solution in ethanol was spin coated at 3000 r.p.m. for 30 s and annealed at 100 °C for 10 min. Subsequently, the wide band gap
perovskite was deposited in a glovebox with inert atmosphere. The 1 M precursor solution was prepared by mixing 82.5 mg FAI, 40
mg FABr, 31.1 mg Csl, 17 mg CsBr, 276.6 mg Pbl, and 146.8 mg PbBr, in 4:1 DMF:DMSO and deposited via 2-step spin coating at 1000
r.p.m. for 10 s (2000 r.p.m. s*) and at 6000 r.p.m. for 30 s (2000 r.p.m. s%). 19 s before the end of the deposition process, 150 pl
ethyl acetate was casted onto the wet film as antisolvent. The samples were annealed at 150 °C for 20 minutes. Afterwards, a 1 nm
thick lithium fluoride (LiF, Sigma-Aldrich, CAS: 7789-24-4) thin film as well as a 15 nm thick layer of fullerene (Cgo, Sigma-Aldrich, CAS:
99685-96-8) was thermally evaporated (OPTlvap, CreaPhys) as ETL, followed by a 35 nm layer of SnO, (Tetrakis(dimethylamino)tin(IV)
(TDMASN, Strem Chemicals, 1066-77-9) via atomic layer deposition. As recombination layer, a 15 nm thick ITO thin film was deposited
via d.c. sputtering. Subsequently, the aqueous PEDOT:PSS solution was diluted in ethanol with a 3:1 ratio and deposited via spin
coating at 6000 r.p.m. for 30 s and a annealing step at 120 °C for 20 min. The narrow band gap perovskite was prepared by adding a
1 M perovskite solution with 275 mg FAIl, 63.6 mg MAI, 372 mg Snl,, 469 mg Pbl,, 10.43 mg Pb(SCN), and 3.73 mg SnF, within a 9:1
DMF:DMSO mixture to 32 ul of a 1.5 M Csl solution in DMSO. The solution was deposited via spin coating at 6000 r.p.m. for 12 s and
the substrate immediately afterwards transferred in a vacuum chamber with 10 Pa and 150 ml volume, followed by an annealing
step at 100 °C for 7 min. Subsequently, a 5 nm thick PCBM layer was deposited from a 1,2-dichlorobenzene (Sigma-Aldrich) solution,
followed by 25 nm of Cg, 7 nm of bathocuproine (BCP, Luminescence Technology, CAS: 4733-39-5) and 75 nm of gold via thermal
evaporation. Finally, a 125 nm thick magnesium fluoride (MgF,, Sigma-Aldrich, CAS: 7783-40-6) thin film was thermally evaporated
on the front side of the glass as anti-reflection coating. The deposition of both absorber layers was optimized in order to achieve a
layer thickness of 400 nm for the WBG perovskite and of 800 nm for the NBG perovskite. For fabrication of two-terminal perovskite-
perovskite tandem solar modules only scalable fabrication methods were used. Therefore, spin coating deposition steps were
replaced with a combination of vacuum deposition and blade coating. To avoid lateral shunting between the back electrode and the
recombination layer via P2 scribing line of modules, the ITO recombination layer was replaced with a thermally evaporated 1.2 nm
thick percolated gold layer.

Laser scribing:

The scribing of individual scribing lines for fabrication of module interconnections (P1, P2, P3) and transparent areas in devices (P4)
was performed with a custom-built laser scribing setup (Bergfeld Lasertech GmbH). The setup comprises a 1 ns Nd:YVO, laser (Picolo
AOT 10-MOPA, InnolLas Laser GmbH) with wavelengths of 1064 and 532 nm at variably power output, a scanner system, a camera
for alignment and an air ventilation and filtering circuit. To ensure accurate dimensions of scribing layouts, the system was calibrated
via optical microscope (Leitz Wetzlar). Prevention of degradation of devices due to contact with ambient atmosphere was enabled
by incorporating the system in a nitrogen-filled glovebox. The P1 scribing process employed a scribing speed of 50 mm s and a laser
pulse fluence of 2 J cm. Following the deposition of the functional layers (ETL, absorber, HTL), the P2 scribing process was carried
out at a scribing speed of 33 mm s and a laser pulse fluence of 0.35 J cm2. After deposition of the back electrode, the P3 scribing
process was performed at a scribing speed of 100 mm s and a laser pulse fluence of 0.3 J cm2.2 The P4 scribing process for fabrication
of transparent areas in all single-junction solar cells and submodules employed a scribing speed of 100 mm s and a laser pulse
fluence of 0.17 J cm. For the optional second P4 scribing process, a scribing speed of 100 mm/s and a laser pulse fluence of 1.3 J
cm2 was employed. All scribing processes were carried out from the film side at a laser pulse frequency of 10 kHz and a laser
wavelength of 532 nm.

Characterization:

Microscopy images were taken with a BH2-UMA microscope (Olympus Corporation). For measurement of transmittance, diffuse
transmittance, reflectance, haze and EQE spectra of fabricated devices a Bentham PVE300 photovoltaic device characterization
system was employed. Resulting from the device’s integrating sphere and port dimensions, diffuse transmittance and haze were
measured for a deviation of greater 3.8° from the direction of incidence. Monochromatic light was modulated with a chopper
frequency of 600 Hz. The AVT, the CIELAB chromaticity coordinates (L*, a*, b*) and the color rendering indices (CRI) for translucent
device areas were calculated from measured transmittance spectra via in-house MATLAB script, following the definition and
calculation approach reported elsewhere.?* Current-density-voltage (J-V) characteristics were performed with a solar simulator
(Newport Oriel Sol3A) under global standard radiation (AM1.5G). Light intensity was calibrated via silicon reference solar cell
integrating a KG5 short pass filter. J-V scans were carried out in forward and backward direction with scanning speeds of about 0.6
V sL. Continuous tracking of the maximum power point (MPP) was conducted by utilizing a perturb-and-observe algorithm. During
measurements, solar cells and modules were not actively cooled.
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Figure S1. Power conversion efficiencies as a function of average visible transmittance for transparent
photovoltaics being based on different technological approaches. Detailed information about the data
points is summarized in Table S1 in the Supplemental Information.



Table S1. Comparison of photovoltaic parameters of transparent solar cells and modules reported in literature. Data is sorted by absorber type and average
visible transmittance.

label transparent . AVT PCE Voc Jsc FF LUE bandgap
number authors source| absorber type PV technology device (%) (%) (MV) |(mAcm?)| (%) (%) absorber (eV)
1 Lim, S.-H. et al. 5 perovskite PV st, nws cell 3 15.7 | 1070 19.0 772 | 047 | CSo175FA07sMA07sPD 1.64
(lo.875Bro.125)3
2 Li, C. et al. 6 perovskite PV st, nws cell 3 12.2 1017 17.5 68.5 0.37 MAPDI3 1.53
3 Ying, Z. et al. 7 perovskite PV st, nws cell 4 18.2 | 1076 211 80.0 0.73 CsFAMAPD(IBr); 1.63
4 Chen, B. et al. 8 perovskite PV st, nws cell 5 16.5 1080 20.6 74.2 0.83 MAPDI3 1.60
5 You, P. et al. 9 perovskite PV st, nws cell 5 12.0 960 19.2 65.3 0.60 MAPDI5-,Cly 1.61
6 Jang, C. W. et al. 10 perovskite PV st, nws cell 5 11.2 940 18.4 64.9 0.56 MAPDI; 1.65
7 Heo, J. H. et al. " perovskite PV st, nws cell 6 15.8 | 1100 19.3 74.4 0.95 MAPbDI; 1.60
8 Gaspera, E. D. et al. 12 perovskite PV st, nws cell 7 13.6 988 20.4 67.5 0.95 MAPDI; 1.55
9 Eperon, G. E. et al. 13 perovskite PV translucent cell 7 7.6 760 15.2 61.0 0.53 CH3NH3Pbl 3.4 Cly 1.48
10 Rakocevic, L. et al. 14 perovskite PV translucent cell 7 12.5 950 18.6 72.0 0.91 CH3NH3Pbl 3. Clx n/a
11 Yang, D. et al. 15 perovskite PV st, nws cell 8 19.8 | 1137 21.9 79.5 1.58 Cso.05FA0.95Pbl3 1.52
12 this work - perovskite PV | translucent cell 8 16.2 | 1081 19.0 79.0 | 1.30 CS°-°5MA°-1F/)*O-%Pb("’-QBrO 1.59
1)3
13 Rakocevic, L. et al. 14 perovskite PV translucent cell 8 12.8 963 18.4 74.0 0.97 CH3NH3Pbl 3. Clx n/a
14 Lim, S.-H. et al. 5 | perovskite PV | st nws cell | 9 | 174 | 1083 | 215 | 751 | 157 CSO-175FA°-825)Pb('°-875Br°-12 164
5)3
15 Yuan, L. et al. 16 perovskite PV st, nws cell 10 17.5 1070 22.4 731 1.75 MAPDI3 1.59
16 Yu, J. C. et al. 17| perovskite PV | st, nws cell | 10 | 164 | 1060 | 204 | 745 | 161 CS°'°5(FCZBE'\r/:ﬁo')QS)O'QSPb( 1.65
.85 .15
17 Yuan, L. et al. 16 perovskite PV st, nws cell 12 13.2 1000 19.5 67.8 1.58 MAPDI3 1.60
: Csy(FA0.83MA 17)(1-x)
18 this work - perovskite translucent | cell | 12 | 17.7 | 1950 | 119 | 77.0 | 2.12 SnosPbosl, 1.26,
tandem PV 1.78
FA0.8CS0.2(l0.6Bro.4)s




19 Yuan, L. et al. 16 perovskite PV st, nws cell 13 14.9 | 1100 19.8 68.4 1.94 MAPDI, 5Brg 5 1.67
20 Lim, S.-H. et al. 5 perovskite PV st, nws cell 14 13.6 | 1048 16.5 78.6 | 1.90 CSO-175FA°-825)Pb('°-875Br°-12 1.64
5)3

21 | Ramirez Q‘;'Imz' C.O-e | 1 | perovskite PV st, nws cell | 14 | 130 | 970 19.1 69.9 | 1.82 MAPbI5_Cly 1.57

22 Yuan, L. et al. 16 perovskite PV st, nws cell 15 11.9 1000 17.8 66.3 1.79 MAPDI3 1.61

23 this work - | perovskite PV | translucent | cell | 15 | 139 | 1085 | 162 | 79.0 | 2.09 CS°-°5MA°-1F’)\O-%Pb("’-gBFO 159

.1)3
24 Yuan, L. et al. 16 perovskite PV st, nws cell 16 13.7 1120 16.7 73.4 2.19 MAPDI,Br 1.76
25 Yu, J. C. et al. 17 | perovskite PV | st nws cell | 17 | 128 | 1040 | 166 | 741 | 218 CS°-°5(F|A°-8§3'\:'A°-)15)0-95Pb( 165
0.85970.15)3

26 Rakocevic, L. et al. 14 perovskite PV translucent cell 17 9.6 938 14.9 70.0 1.65 CH3NH3Pbl 3.4 Cly n/a

27 Yuan, L. et al. 16 perovskite PV st, nws cell 18 12.2 1110 15.1 72.7 2.20 MAPDI,Br 1.77

28 Li, C. et al. 6 perovskite PV st, nws cell 18 9.1 1017 14.6 61.5 1.64 MAPDI3 1.53

29 Rakocevic, L. et al. 14 perovskite PV translucent cell 18 10.1 950 14.8 73.0 1.82 CH3NH3Pbl 3.4 Clx n/a

30 Gaspera, E. D. et al. 12 perovskite PV st, nws cell 19 8.8 941 13.7 68.3 1.67 MAPDI; 1.55

31 Zhang, Y.-W. et al. 19 perovskite PV st, nws cell 20 1.7 1080 14.5 74.6 2.34 MAPDI;+ BiPy - | 1.63

32 Dou, Y. et al. 20 perovskite PV st, nws cell 20 147 | 1108 17.6 752 | 2.04 |KCS005(FAossMAa1slo.osP| 4 o
b(lo.ssBro.15)s

33 Dou, Y. et al. 20 perovskite PV st, nws cell 21 14.2 | 1117 17.4 732 | 208 |KCSoos(FAossMAts)oosP| 4 5o
b(lo.esBro.15)3

34 Dou, Y. et al. 20 | perovskite PV st, nws cell | 22 | 132 [ 1073 | 172 | 717 | 2.00 |K<CS00s(FAossMAosossP| 4 g4
b(lo.s5Bro.15)3

35 Dou, Y. et al. 20 | perovskite PV st, nws cell | 23 | 123 | 1082 | 171 | 666 | 2.83 |KCSoos(FAossMAorsloosP| 4 g4
b(lo.8sBro.15)s

36 Xiao, S. et al. 2 perovskite PV st, nws cell 23 1.3 1040 15.1 72.3 2.60 MAPDI3 1.62

37 | Ramirez QL;'IrOZ' C.0.et | 15 | perovskite PV st, nws cell | 23 | 108 | 970 173 | 64.4 | 2.48 MAPbI;_Cly 1.57

38 Yuan, L. et al. 16 perovskite PV st, nws cell 24 94 1120 13.6 61.6 2.26 MAPDI, sBr4 5 1.87

39 Chang, C.-Y. et al. 22 perovskite PV st, nws cell 25 10.8 950 16.3 69.7 2.70 MAPDI3 1.55




40 Jung, J. W. et al. 28 perovskite PV st, nws cell 26 10.2 | 1070 12.2 78.1 2.65 MAPDI; 1.63
41 Yuan, L. et al. 16 perovskite PV st, nws cell 27 121 1000 18.3 66.2 3.27 MAPDI3 1.60
42 Guo, F. et al. 24 perovskite PV st, nws cell 28 8.5 964 13.1 66.8 2.38 MAPDI5-,Cly 1.6
43 | Ramirez Q‘;ilroz' C.O.et | 1 | perovskite PV st, nws cell | 28 | 81 | 1030 | 112 | 702 | 2.27 MAPbls_,Cl, 1.57
44 Eperon, G. E. et al. 25 perovskite PV translucent cell 28 5.2 740 11.8 58.0 1.46 CH3NH3Pbl 3.4 Cly 1.48
45 Kwon, H.-C. et al. 26 perovskite PV st, nws cell 30 12.8 1030 16.5 74.9 3.84 MAPDI5-,Cly 1.62
46 Yu, J. C. et al. 17| perovskite PV st, nws cell | 30 | 74 | 1010 | 118 | 622 | 2.22 CSO-OS(Ff‘O-Bg'\r"AO;5)0-95Pb( 165
0.85B00.15)3
47 Eperon, G. E. et al. 13 perovskite PV translucent cell 30 3.5 710 8.1 61.0 1.05 CH3NH3Pbl 3.4 Cly 1.48
48 Yuan, L. et al. 16 perovskite PV st, nws cell 31 11.9 1050 16.3 69.4 3.69 MAPDbI, 5Brg 5 1.69
. Csy(FA0.83MA,.17)(1-x)

49 this work - perovskite translucent | cell | 31 | 11.1 | 1940 8.1 71.0 | 3.44 SnosPbosls, FAos 1.26,

tandem PV 1.78

Cso.2(lo.6Bro)s

50 this work - perovskite PV translucent |module| 32 9.0 5500 1.1 74.0 2.88 | Cso.17FA0.83Pb(lo.92Bro.0s)3 1.61
51 Roldan-Carmona, C. et al. 27 perovskite PV st, nws cell 33 7.3 1037 13.4 52.5 2.41 MAPDI3 1.55
52 Rakocevic, L. et al. 14 perovskite PV translucent cell 33 4.9 950 9.3 60.0 1.62 CH3NH3Pbl 3. Clx n/a
53 Kwon, H.-C. et al. % perovskite PV st, nws cell 34 11.7 990 15.9 74.6 3.98 MAPDbI;-,Cly 1.62
54 Yuan, L. et al. 16 perovskite PV st, nws cell 36 10.3 1080 14.6 65.5 3.71 MAPDbI,Br 1.79
55 Kwon, H.-C. et al. 26 perovskite PV st, nws cell 37 10.8 1010 14.7 73.1 4.00 MAPDI5-,Cly 1.62
56 | Ramirez Q‘;'Iroz' C.0.el | 45 | perovskite PV st, nws cell | 37 | 78 | 970 116 | 696 | 2.89 MAPbI;_.Cly 1.57
57 Rakocevic, L. et al. 14 perovskite PV translucent cell 37 5.1 938 8.6 72.0 1.89 CH3NH3Pbl 3.4 Cly n/a
58 Jung, J. W. et al. 23 perovskite PV st, nws cell 38 10.7 1060 13 77.6 4.07 MAPDI3 1.63
59 this work - | perovskite PV | translucent | cell | 38 | 80. | 1080 | 96 | 77.0 | 3.04 CS°-°5MA°-1Fﬁ‘;-BSPb("’-QBrO 159
60 Zhang, L. et al. 28 perovskite PV st, nws cell 38 10.3 980 15.7 66.0 | 3.91 MAPb(I(3-xBre)s n/a




61 Yuan, L. et al. 18 perovskite PV st, nws cell 41 8.8 1110 12.8 62.2 3.61 MAPDI, 5Bry 5 1.90
62 Kwon, H.-C. et al. 26 perovskite PV st, nws cell 42 10.3 | 1000 13.6 75.6 4.33 MAPDI3-,Cly 1.63
63 Kwon, H.-C. et al. 26 perovskite PV st, nws cell 45 8.5 960 12.6 73.5 3.83 MAPDI5-,Cly 1.64
64 | RamirezQuioz C.O.0 | 1s | perovskite PV | st nws cell | 46 | 36 | 1030 | 54 | 644 | 166 MAPbls_,Cl, 157
65 Bag, S. et al. 29 perovskite PV st, nws cell 47 4.5 880 8.2 63.0 212 MAPDbI3 1.63
66 Liu, G. et al. 30 perovskite PV st, nws cell 66 1.1 1000 2.1 52.9 0.73 Cs,AgBiBrg 2.62
67 Zuo, L. et al. 31 perovskite PV st, nws cell 68 7.5 1550 6.7 72.0 5.10 FAPDbBTr; 43Clo 57 2.35
68 Liu, G. et al. 30 perovskite PV st, nws cell 72 1.5 960 2.1 74.3 1.08 Cs,AgBiBrg 2.62
69 Liu, D. et al. 32 perovskite PV st, nws cell 72 0.2 1110 0.6 35.4 0.14 MAPDLCI; 3.03
70 Liu, G. et al. 30 perovskite PV st, nws cell 73 1.6 970 2.2 73.1 117 Cs,AgBiBrg 2.62
71 Liu, D. et al. 32 perovskite PV st, nws cell 73 0.5 1260 0.9 44.9 0.37 MAPDCI; 4Bro¢ 2.84
72 Liu, G. et al. 30 perovskite PV st, nws cell 74 1.5 970 2.2 711 1.11 Cs,AgBiBrg 2.62
73 Shin, M. J. et al. 33 inorganic PV st, nws cell 2 10 640 23.3 66.9 | 0.20 CIGS 1.23
74 Shin, M. J. et al. 34 inorganic PV st, nws cell 5 9.8 630 229 67.6 | 0.49 CIGS 1.26
75 Kim, J. et al. 35 inorganic PV st, nws cell 7 6.6 881 11.8 63.7 0.46 a-Si:H 1.92
76 Shin, M. J. et al. 33 inorganic PV st, nws cell 9 9.8 630 20.9 741 0.88 CIGS 1.30
77 Kim, K. et al. 36 inorganic PV st, nws cell 9 6.5 597 229 46.5 0.59 CIGS 1.28
ASI| THRU thin-film solar
78 module, semitransparent, 37 inorganic PV st, nws module| 10 4.5 |49000 0.17 n/a 0.45 a-Si/u-Si n/a
SCHOTT Solar GmbH
79 PS-CT series pgnels, 38 inorganic PV st, nws module| 10 10 87000 0.11 n/a 1.00 CdTe 1.54
Polysolar Limited
Amorphous Silicon PV
80 Glass, Onyx Solar Group 39 inorganic PV st, nws module| 10 4.0 n/a n/a n/a 0.40 a-Si:H n/a
LLC
g1 | PS-MC-STseries panels, | 4 | i oroanicPV | translucent |module| 10 | 18.8 |39700| 06 na | 1.88 mono ¢-Si n/a

Polysolar Limited




VOLTARLUX ASI-Glas,

82 |Glaswerke Arnold GmbH &| #1 inorganic PV translucent |module| 10 5.7 (111000 0.08 n/a 0.57 a-Si/y-Si n/a
Co. KG
83 Shin, M. J. et al. 34 inorganic PV st, nws cell 11 8.4 620 20.4 66.3 0.92 CIGS 1.34
84 Kuk, S. et al. 42 inorganic PV translucent cell 12 12 670 20.6 69.0 1.44 CIGS n/a
85 Yang, R. et al. 43 inorganic PV st, nws cell 13 5.0 864 9.9 58.1 0.65 a-Si:H 1.75
86 Cho, J.-S. et al. 44 inorganic PV st, nws cell 16 7.5 810 14.2 65.3 1.20 a-Si:H 1.83
87 Cho, J.-S. et al. 44 inorganic PV st, nws cell 17 7.7 810 14.1 67.3 1.31 a-Si:H 1.83
88 Lim, J. W. et al. 45 inorganic PV st, nws cell 18 59 720 14 .1 58.3 1.06 a-SiGe:H 2.05
89 Saifullah, M. et al. 46 inorganic PV st, nws cell 18 59 710 14.6 57.4 1.06 CIGS 1.50
90 Cho, J.-S. et al. 44 inorganic PV st, nws cell 19 7.3 820 13.1 676 | 1.39 a-Si:H 1.87
91 Shin, M. J. et al. 34 inorganic PV st, nws cell 19 6.9 640 16.6 64.7 1.31 CIGS 1.30
92 Shin, M. J. et al. 33 inorganic PV st, nws cell 19 6.5 580 17.5 63.5 1.24 CIGS 1.34
93 Moon, S. H. et al. 47 inorganic PV st, nws cell 20 1.7 495 8.9 40.8 0.34 CIGS 1.64
94 Tsai, C. Y. etal 48 inorganic PV translucent cell 20 6.0 418 24.2 60.0 | 1.20 a-Si/u-Si n/a
95 P%g;;?:f;gi’;ﬁ's’ % | inorganic PV st,nws  |module| 20 | 89 |[87000| 0.1 na | 1.78 CdTe 154
Amorphous Silicon PV
96 Glass, On)l/_xL(S:oIar Group 39 inorganic PV st, nws module| 20 3.4 n/a n/a n/a 0.68 a-Si:H n/a
97 Park, J. et al. 49 inorganic PV translucent cell 20 14.5 638 28.9 79.0 2.90 c-Si 1.10
98 Lim, J. W. et al. 45 inorganic PV st, nws cell 22 5.5 760 12.3 58.6 1.21 a-Si:H 2.05
99 Cho, J.-S. et al. 44 inorganic PV st, nws cell 23 6.0 830 10.6 68.2 1.38 a-Si:H 1.92
100 Lim, J. W. et al. 50 inorganic PV st, nws cell 24 6.9 920 10.7 70.3 1.66 a-Si:H 1.68
101 PS-CT series panels, % | inorganic PV stnws  |module| 30 | 7.8 |87000| 0.08 na | 2.34 CdTe 1.54

Polysolar Limited




Amorphous Silicon PV

102 Glass, Onyx Solar Group 39 inorganic PV st, nws module| 30 2.8 n/a n/a n/a 0.84 a-Si:H n/a
LLC
103 Aleo Solar PV Isolierglas 51 inorganic PV translucent |module| 35 13.2 | 26800 0.6 n/a 4.62 mono c-Si n/a
Isolante, Aleo Solar GmbH
104 Mutalikdesai, A. et al. 52 inorganic PV st, nws cell 37 0.4 101 14.7 27.2 0.15 CdTe 1.54
105 | PSCT series panels, % | inorganic PV st,nws  |module| 40 | 67 |87000| 008 | nia | 268 CdTe 154
Polysolar Limited
106 Kim, S. et al. 53 inorganic PV st, nws cell 41 1.1 596 3.9 47.3 0.45 a-Si:H 217
107 | PSCT series panels, % | inorganic PV st,nws  |module| 50 | 56 |87000| 006 | nfa | 280 CdTe 154
Polysolar Limited
108 Sung, Y.-M. et al. 54 organic PV st, nws cell 1 13.3 810 24.6 66.5 0.13 PM6:Y6 1.40
109 Chen, K.-S. et al. 55 organic PV st, nws cell 2 7.6 770 15.6 63.3 0.15 PBDTTT-C-T:PC71BM 1.66
110 Sung, Y.-M. et al. 54 organic PV st, nws cell 3 12.6 800 24.5 64.5 0.38 PM6:Y6 1.40
111 Wang, C.-K. et al. 56 organic PV st, ws cell 6 12 870 19.6 70.4 0.72 PM7/PTTtID-CI/IT-4F 1.47
112 Sung, Y.-M. et al. 54 organic PV st, nws cell 8 7.3 860 12.1 69.6 0.58 DTDCPB:Cg 1.73
113 Hu, Z. et al. 57 organic PV st, nws cell 9 14.2 854 23.0 72.3 1.28 PM6:Y6 1.42
114 Chen, K.-S. et al. 55 organic PV st, nws cell 11 71 760 14.5 64.4 0.78 PBDTTT-C-T:PC71BM 1.66
115 Hu, Z. et al. 57 organic PV st, nws cell 13 13.3 853 21.7 71.9 1.73 PM6:Y6 1.42
116 Li, X. et al. 58 organic PV st, nws cell 14 13.6 850 21.1 75.8 1.90 PM6:Y6 1.40
117 Song, W. et al. 59 organic PV st, nws cell 14 12.0 844 19.6 72.8 1.68 PM6:Y6:C6 1.41
118 Xiao, T. et al. 60 organic PV st, nws cell 15 8.9 772 18.3 63.0 1.34 PTB7-Th:FNIC1 1.52
119 Wageh, S. et al. 61 organic PV st, nws cell 16 2.9 540 9.7 554 0.46 P3HT-PCBM 1.95
120 Song, W. et al. 62 organic PV st, nws cell 17 12.6 810 21.2 73.2 214 PBDB-T-2F:Y6 1.39
121 Song, W. et al. 62 organic PV st, nws cell 18 1.7 810 20.7 69.6 2.11 PBDB-T-2F:Y6 1.39
122 Hu, Z. et al. 57 organic PV st, nws cell 19 12.4 852 20.4 71.4 2.36 PM6:Y6 1.42
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123 Bai, Y. et al. 63 organic PV st, nws cell 20 12.3 817 20.6 73.0 2.46 PM6:Y6 1.42
124 Chang, L. et al. 64 organic PV st, nws cell 21 13.8 820 25.3 66.5 2.90 PM6:N3 1.41
125 Riede, M. et al. 65 organic PV st, nws cell 24 4.9 1.58 5.2 61.0 117 Fgg\?gfggg n/a
126 Yi, L. et al. 63 organic PV st, nws cell 25 11.0 750 20.9 70.0 | 2.75 PCE-10:A078 1.34
127 Yao, M. et al. 65 organic PV st, nws cell 25 10.2 736 20.3 68.3 2.55 PTB7-Th:FOIC 1.40
128 Bai, Y. et al. 66 organic PV st, nws cell 26 12.9 825 21.6 724 | 3.35 PBDB-T-2F:Y6 1.40
129 Chang, L. et al. 64 organic PV st, nws cell 28 8.9 810 16.8 65.1 2.49 PM6:N3 1.41
130 Chen, K.-S. et al. 55 organic PV st, nws cell 28 5.6 760 11.9 61.9 1.57 PBDTTT-C-T:PC+1BM 1.66
131 Chang, L. et al. 64 organic PV st, nws cell 29 7.8 800 15.2 64.7 2.26 PM6:N3 1.41
132 Xia, R. et al. 67 organic PV st, nws cell 30 10.8 718 21.9 68.7 | 3.24 PTB7-Th:IEICO-4F 1.35
133 Yao, M. et al. 65 organic PV st, nws cell 34 9.1 733 18.5 67.1 3.09 PTB7-Th:FOIC 1.40
134 Li, Y. et al. 68 organic PV st, nws cell 36 8.8 680 18 71.9 3.17 | PCE-10:BT-CIC:TT-FIC 1.37
135 Jose da Silva, W. et al. 69 organic PV st, nws cell 36 6.9 890 11.6 66.5 2.48 PSEHTT:ICBA 1.86
136 Jose da Silva, W. et al. 69 organic PV st, nws cell 37 6.1 890 10.2 66.8 2.26 PSEHTT:ICBA 1.86
137 Song, S. et al. 70 organic PV st, nws cell 38 57 700 12.4 66.2 217 PTB7-Th:IEICO-4F 1.33
138 Jose da Silva, W. et al. 69 organic PV st, nws cell 39 4.9 880 8.3 67.9 1.91 PSEHTT:ICBA 1.86
139 Corzo, D. et al. n organic PV st, nws cell 42 9.6 690 26.1 53.2 4.03 PTB7-Th:IEICO-4F 1.35
140 Li, Y. et al. 63 organic PV st, nws cell 43 8.1 730 16.3 68.1 3.48 PCE-10:A078 1.34
141 Li, Y. et al. 68 organic PV st, nws cell 44 8.0 680 16.2 726 | 3.52 | PCE-10:BT-CIC:TT-FIC 1.37
142 Li, Y. et al. 63 organic PV st, nws cell 46 10.8 750 20.4 70.6 | 4.97 PCE-10:A078 1.34
143 Li, Y. et al. 63 organic PV st, nws cell 47 7.1 730 14.3 68.0 | 3.34 PCE-10:A078 1.34
144 Jose da Silva, W. et al. 69 organic PV st, nws cell 47 2.4 860 41 68.2 1.13 PSEHTT:ICBA 1.86
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145 Li, Y. et al. 68 organic PV st, nws cell | 49 | 72 | 670 148 | 72.6 | 3.53 | PCE-10:BT-CIC:TT-FIC | 1.37
146 Liu, Q. et al. 72 organic PV st, nws cell | 50 | 83 | 746 167 | 66.8 | 4.15 | PTB7-Th:FOIC:PC71BM | 1.38
147 Liu, Q. et al. 72 organic PV st, nws cell | 51 74 | 749 147 | 66.7 | 3.77 | PTB7-Th:FOIC:PC71BM | 1.39
148 Jose da Silva, W. et al. 69 organic PV st, nws cell 53 1.8 890 3.8 54.8 0.95 PSEHTT:ICBA 1.86
149 Lee, J. et al. 73 organic PV st, ws cell 53 5.7 750 10.6 69.5 3.02 DPP2T:IEICO-4F 1.32
150 Lunt, R. R. et al. 74 organic PV st, ws cell 55 1.7 450 4.0 70.0 | 0.94 C1A1Pc 1.47
151 Chaturverdi, N. et al. % organic PV st, nws cell 58 9.1 680 22.6 59.1 5.28 PTB7-Th:IEICO-4F 1.32
152 Lee, J. et al. 73 organic PV st, ws cell 60 3.9 749 7.3 70.2 2.34 DPP2T:IEICO-4F 1.33
153 Chen, C. C. et al. 76 organic PV st, ws cell 61 4.0 770 9.3 56.0 2.44 PBDTT-DPP:PCBM 1.55
154 Zuo, L. etal. 31 organic PV st, ws cell 62 5.9 690 12.9 66.0 | 3.66 PTB7-Th:6TIC-4F 1.33
155 Zuo, L. et al. 31 organic PV st, ws cell 53 10.7 2200 6.1 74.0 5.67 P;ﬁ;kg}f‘:g:: 3.56
156 Yang, C. et al. ” organic PV st, ws cell 74 1.2 990 1.5 81.0 0.89 CO;8DFIC 1.50
157 Zhao, Y. et al. | organic PV st, ws cell | 84 | 04 | 520 13 | 650 | 0.34 Fz.?g':’)'f‘h;lzfgl'ﬁ: 2.81
158 Zhao, Y. et al. e organic PV st, ws cell 86 0.4 500 1.2 66.0 0.34 Cy7 1.52
159 | Lopez-Lopez, C.etal. | ® | Y€ S‘f;{/s”ized st, nws cell | 1 52 | 780 | 124 | 537 | 005 N719 2.00
160 | Lopezlopez C.etal | & | WeSesiized | g nyg cell | 9 | 45 | 780 | 103 | 56.0 | 041 N719 2.00
161 Colonna, D. et al. o | dye Sf;{/s”ized st, nws cell 9 43 | 720 9.9 60.0 | 0.39 N719+SDA 1.82
162 Colonna, D. et al. mo | dyesonsiized | gt nws cell | 10 | 52 | 770 | 119 | 570 | 052 N719 2.01
163 | Lopezlopez C.etal | & | WeSesiized | g nyg cell | 10 | 49 | 765 | 114 | 561 | 0.49 N719 2.00
164 | Aftabuzzaman, M.etal. | & | e Sf;{/s”ized st, nws cell | 13 | 101 | 851 149 | 80.2 | 1.31 SGT-021 1.68
165 | Aftabuzzaman, M. etal. | & | WeSeSIzed | g nyg cell | 14 | 99 | 850 | 149 | 785 | 1.37 SGT-021 168
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dye sensitized

166 | Aftabuzzaman, M.etal. | @ y st, nws cell | 15 | 96 | 850 | 147 | 772 | 1.44 SGT-021 1.68
167 | Aftabuzzaman, M. etal | & | WeSESIzed | g g cell | 17 | 98 | 855 | 151 | 755 | 167 SGT-021 1,68
168 Chalkias, D. A. et al. ss | dye S‘;’{/Sitized st, ws cell | 18 | 86 | 750 167 | 684 | 155 N719 (EtOH) 2.00
169 Colonna, D. et al. oo | dyesonsiized | ot nws cell | 23 | 42 | 650 | 99 | 640 | 097 N719+SDA 1.82
170 Colonna, D. et al. mo | dyesonsiized | gt nws cell | 23 | 36 | 650 | 82 | 680 | 0.83 N719 2.01
171 Chalkias, D. A. et al. s | dye Sf;{/smzed st, ws cell | 24 | 7.8 | 794 174 | 563 | 1.87 N719 (EtOH) 2.00
172 Colonna, D. et al. oo | dyesorsiized | gt nws cell | 25 | 26 | 650 | 56 | 71.0 | 065 N719+SDA 1.82
173 Huaulmé, Q. et al. m | dye sonsitized st, ws cell | 27 | 37 | 521 | 107 | 658 | 1.00 NPI 177
174 Colonna, D. et al. o | dye Sf;{/smzed st, nws cell | 30 15 | 640 3.3 70.0 | 0.45 N719 2.19
175 Chalkias, D. A. et al. ss | dye S‘;’{/Siﬁzed st, ws cell | 31 6.4 | 698 135 | 67.9 | 1.98 TPA-1 (EtOH) 2.23
176 Chalkias, D. A. et al. m | dye sonsitized st, ws cell | 33 | 61 | 711 | 125 | 683 | 201 TPA-2 (EtOH) 23
177 Chalkias, D. A. et al. ss | dye Sf;{fitized st, ws cell | 36 | 6.1 | 766 145 | 54.7 | 2.20 TPA-1 (EtOH) 2.23
178 Chalkias, D. A. et al. s | dye S‘;’{/Siﬁzed st, ws cell | 37 | 35 | 648 8.0 67.5 | 1.30 Cz-2 2.46
179 Chalkias, D. A. et al. m | dye sonsitized st, ws cell | 38 | 57 | 769 | 136 | 542 | 217 TPA-2 (EtOH) 2.31
180 Kim, K. et al. s | dye SePr{/Sitized st, nws cell | 43 | 7.8 | 720 153 | 70.8 | 3.35 PdTPBP/BPEA 1.95
181 Naim, W. et al. o7 | dye S‘g{fi“zed st, ws cell | 69 | 31 | 422 112 | 656 | 2.14 VG20-Cyg 1.39
182 Naim, W. et al. w | dye sonsitized st, ws cell | 76 | 23 | 406 | 86 | 659 | 1.75 VG20-Cre 1.41
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Figure S2. Laser scribing layouts for fabrication of transparent areas of various shapes. a) Scribing
layout for design 1 —small circular transparent areas. b) Scribing layout for design 2 —transparent areas
in shape of stripes. c) Scribing layout for design 3 — large circular transparent areas. d) Scribing layout
for design 4 — square transparent areas. e) Scribing layout for design 5 — large circular transparent
areas with ITO ablation. f) Scribing layout for design 6 — square transparent areas with ITO ablation. To
obtain the desired AVT of translucent areas of devices, scribing velocity v, as well as spacing of scribing
lines/circles/squares a;-ag are calculated via a developed MATLAB scripts. Standard scribing velocity v,
for design 2-6 is 100 mm/s. ITO scribing velocity is 100 mm/s.
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Figure S3. Measured transmittance spectra and resulting optical parameters for a standard glass
substrate of 1.1 mm thickness and a standard glass substrate with deposited indium tin oxide (ITO) as
transparent front contact. Average visible transmittance (AVT), color rendering index (CRI) and CIELAB
chromaticity coordinates (L*, a*, b*) are calculated as discussed in the manuscript.
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Figure S4. Statistical comparison of photovoltaic parameters (a) PCE, (b) FF, (c) Voc, and (d) Jsc of
perovskite solar cells before (opaque) and after fabrication of laser scribed transparent areas.
Parameters are extracted from J-V measurements in forward and backward scan direction. Statistics
are based on 4 reference and 58 translucent solar cells with 0.105 cm? aperture area.
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Figure S5. Analysis of the effect of laser scribing transparent areas in perovskite solar cells on series
resistance Rs, short-circuit current density Jsc and resulting ohmic losses. Dashed lines depict the trend
of respective characteristic for AVTs of devices of up to 35%. The factor of 0.75 used in the formulae
for plotting the trends is stating the discrepancy between theoretical optimum and observed AVTs for
given introduction of inactive areas as shown in Figure 2b of the manuscript. For AVTs above 35%, an
over-proportional increase in series resistance is resulting in significantly increased ohmic losses.
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Figure S6. Assessment of short-term stability of translucent perovskite solar cells as introduced in
chapter 2.1 in the manuscript. A translucent perovskite solar cell with intermediate transmittance level
as well as an opaque reference solar cell were measured for more than 10 h under constant
illumination (maximum power point tracking at nominal operating cell temperature). The results
indicate no immediate or accelerated degradation induced by the laser scribing process, as (a)
normalized PCE, (b) normalized voltage at MPP and (c) normalized current-density at MPP
demonstrate a stable and very similar behavior.
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Figure S7. Light microscopy images at different magnifications (horizontal) of opaque perovskite solar
modules with laser scribed transparent areas of different shapes (vertical).
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Figure S8. (Part a) Vertical scanning interferometry analysis of perovskite solar modules with laser
scribed transparent areas of different shapes. Shown data demonstrates that transparent areas are
free of residues. Furthermore, the flake formation of the metal back contact layer is mitigated and only
minimal upward bending at the crater edges can be observed. Transparent areas with additional ITO
ablation via 2-step approach show a homogeneous and thorough centric removal of ITO and no
detrimental effect on crater edge areas. It should be noted that the sharp peaks are measurements
artifacts caused by the “batwing effect” and do not represent actual defects. These batwing artifacts

appear for interferometry measurements when the height difference (e.g. for sharp edges) are smaller
than the coherence length of utilized light source.%8
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Figure S8. (Part b) Vertical scanning interferometry analysis of perovskite solar modules with laser
scribed transparent areas of different shapes. Shown data demonstrates that transparent areas are
free of residues. Furthermore, the flake formation of the back contact layer is mitigated and only
minimal upward bending at the crater edges can be observed. Transparent areas with additional ITO
ablation via 2-step approach show a homogeneous and thorough centric removal of ITO and no
detrimental effect on crater edge areas. It should be noted that the sharp peaks are measurements
artifacts caused by the “batwing effect” and do not represent actual defects. These batwing artifacts

appear for interferometry measurements when the height difference (e.g. for sharp edges) are smaller
than the coherence length of utilized light source.®
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Figure S9. Exemplary presentation of parameter and design optimization for ideal laser scribing of
transparent areas in perovskite solar cells and submodules. Small circular transparent areas (a) are
fabricated with insufficient laser fluence (left) resulting in incomplete ablation, with too high laser
fluence (middle) leading to strong detrimental flake formation and optimal laser fluence (right). Large
circular transparent areas (b) and with additional centric front contact ablation (c) show fabrication
results for insufficient laser fluence (left), for spatially-inhomogeneous laser pulsing (middle) due to
incompatibility of lasing on-/off delays and scanner jump speed, and for optimized parameter sets
(right). Optimization can require the adaption of laser fluence, scribing speed, lasing on-/off-delays,
scanner jump speed, laser scribing layouts and back contact properties.

s &

EOON

_100_ |,

22



Figure S10. lllustration of the moiré effect, observable for images of translucent areas due to the
superposition of two periodic structures (i.e. array of transparent areas and pixel-based monitors as
display). a) Front side image of a translucent submodules with a periodic array of transparent areas
(top) and spatially randomized transparent areas (bottom). The appearance of a visual pattern based
on the moiré effect is significantly mitigated by the spatial randomization of transparent areas.
Microscope images of the periodic array (b) and of the spatially randomized transparent areas (c).
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Figure S11. Transmittance spectra of translucent perovskite-based solar submodules with different
transparent area formats as introduced in the manuscript on page 6 and 7, and in Figure 3.
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Table S2. Optical parameters of translucent perovskite solar cell layer stacks with 4 cm? aperture area before and after fabrication of laser scribed transparent
areas. The study focused on optical parameters to quantify the perceptual quality of fabricated translucent areas. The graphs of figure 3b and 3cin the manuscript
are based on this data set.

s::::;tf transparent area shape A\(,;:;’ta' CRI L* a* b* AV('I:)/Zi;fuse AVTspecu(.;) ')“V"'total'1
1 circles (small) 29 92.2 59.5 1.9 11.7 4.4 84.5
2 lines 25 93.3 56.2 0.5 8.3 1.6 93.6
3 circles (large) 28 91.7 59.1 0.9 8.6 2.0 93.0
4 circles (large), 2-step 29 96.9 60.2 1.1 5.0 1.5 95.0
5 squares (large) 33 96.5 63.6 2.4 6.5 0.9 97.4
6 squares (large), 2-step 32 97.2 62.4 1.1 4.7 1.0 96.8
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Table S3. Optical and photovoltaic parameters of the translucent perovskite submodule with 4 cm? aperture area before and after fabrication of laser scribed
transparent areas, as presented in figure 4 in the manuscript. Regarding photovoltaic parameters, J-V characteristics of backward scans and forward scans (in
brackets) are reported.

before scribing after scribing comparison
relative rocess
transparent | AVT,ua CRI L* a* b* PCE FF Voc Jsc PCE FF Voc Jsc PCE loss e':ficiency
area shape (%) (%) (%) (V) (mA cm??) (%) (%) (V) (mA cm??) (%) (%)
?a”rags 55 | es1 | 625 | 06 | 5o | 152 | 6 | 554 | 1991 9.0 74 | 550 | 11.11 40.8 78.9
2-sfep, ' ) ) ) (13.2) (66) (5.52) (19.71) (8.3) (70) (5.40) (11.01) (42.4) (75.9)
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Figure S12. Photon balance consistency check of the translucent perovskite submodule, as presented
in figure 4 of the manuscript. The presented EQE spectra is measured with a reference solar cell
fabricated in the same batch and adapted to the measured current-density of the translucent
submodule.
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Table S4. Optical and photovoltaic parameters of the translucent 2-terminal perovskite-perovskite tandem solar cells with 8.1 mm? aperture area before and
after fabrication of laser scribed transparent areas, as presented in figure 5 in the manuscript. Regarding photovoltaic parameters, J-V characteristics of backward
scans and forward scans (in brackets) are reported.

before scribing after scribing comparison
relative rocess
transparent | AVTa CRI L* a* b* PCE FF Voc Jsc PCE FF Voc Jsc PCE loss el:ficiency
area shape (%) (%) (%) (V) (mA cm??) (%) (%) (V) (mA cm?) (%) (%)
s(‘lj'a“razs b | es1 | 305 | o5 | 34 | 207 | 75 1.94 14.33 17.7 | 77 1.95 11.85 145 79.3
2—s§ep, : : : 1 (7.3) | (64) | (1.93) | (13.93) | (15.0) | (68) | (1.94) | (11.36) (13.3) (86.2)
squares
18.4 73 1.94 13.01 11.1 71 1.94 8.10 39.7 77.3
| 1 . 1. . 4.4
(Zif:;' 3 95.5 | 6131 06 (15.2) | (64) | (1.93) | (1237) | (9.3) | (61) | (1.94) | (7.85) (38.8) (79.1)
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Figure S13. Photon balance consistency check of the translucent perovskite-perovskite tandem solar
cell, as presented in figure 5b of the manuscript.
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Figure S14. Photon balance consistency check of the translucent perovskite-perovskite tandem solar
cell, as presented in figure 5c of the manuscript.
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Table S5. Optical and photovoltaic parameters of the translucent 2-terminal perovskite-perovskite mini-module with 12.25 cm? aperture area before and after
fabrication of laser scribed transparent areas, as presented in the manuscript. Regarding photovoltaic parameters, J-V characteristics of backward scans and
forward scans (in brackets) are reported. Layer fabrication followed the recipe reported in our previous work.!

before scribing after scribing comparison
relative rocess
transparent | AVTua CRI L* a* b* PCE FF Voc Jsc PCE FF Vo (V) Jsc PCE loss e':ficiency
area shape | (%) (%) (%) (V) | (mAcm?) | (%) (%) oc (mA cm?) (%) (%)
squares
16.7 73 13.15 12.18 10.3 68 12.72 8.33 38.3 39.2
(;agf:; | 794 487 16 183 0) | (ea) | (1308) | (1176) | 89) | (61) |(1273)| (®811) | (364 | (412)
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Figure S15. J-V characteristics of a translucent 2-terminal perovskite-perovskite tandem mini-module
with 12.25 cm? aperture area, before (opaque) and after (translucent) fabrication of transparent areas
at 12% AVT.
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Figure S16. Photon balance consistency check of the translucent perovskite-perovskite tandem mini-
module with 12.25 cm? aperture area, as presented in the manuscript. The EQE spectra of top and
bottom sub-cell is measured with a reference tandem solar cell and adapted to the measured current-
density of the translucent tandem mini-module.
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-> Calculation for large circular
transparent areas

Possible improvements:
- Utilization of 1 MHz pulsed

r _ 0.3 m00.022¢ m =003sc laser (max ~10 MHz)
kR,@ 0.8 (0.012 c m 4 500 c 1P . - Utilization of 3 x 3
galvanometer scanners per m?

_ . - Reduction of line and pulse
=22mim overlap ratio from 0.6 to 0.4

e Manufacturing rate of translucent area s: Number of parallel scanners

A V:T Targeted average visible transmittance l,: Overlap of adjacent scribing lines

Ne + Transmittance efficiency of transparent areas T Laser pulse rate

A Transparent area of respective design dg: Diameter of pulse ablation crater

L& Scribing length per transparent area d,: Overlap of adjacent scribing pulses

v Scribing speed

Equation S1. Estimation of the manufacturing rate of translucent areas considering variable levels of
average visible transmittance, different scribing layouts and parameters, as well as the utilized setup
components. The first calculation is based on conditions utilized for this work. We note that the current
process is strongly limited by the laser pulse rate (10 kHz). Furthermore, decreasing the utilized overlap
ratio of pulses and lines of 60% offers additional potential for increasing manufacturing rate. The
second calculation takes possible improvements of the laser scribing process (overlap) and the
adaption of components (1 MHz pulsed laser; 9 galvanometer scanner) into account. The resulting
manufacturing time per squaremeter is assumed to be compatible with modern industrial PV

manufacturing lines.
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Table S6. Optical and photovoltaic parameters of the translucent submodules with 4 cm? aperture area and transmittance gradients before and after fabrication
of laser scribed transparent areas, as presented in figure 6 in the manuscript. Regarding photovoltaic parameters, J-V characteristics of backward scans and

forward scans (in brackets) are reported. All transparent areas were laser scribed in the shape of squares (large) and with the 2-step process.

before scribing after scribing comparison
direction of relative
. AVTyoea PCE | FF Voc Jse PCE | FF Voc Jse

transmittance | spot CRI L* a* | b* PCE loss
gradient P (%) (%) (%) (V) (mAcm?) | (%) (%) (V) | (mAcm?) (%)
horirontal M1 31 949161708 |48 160 | 72 | 561 1976 | 120 | 74 | 558 11.61 25.0
M2 2 906313 08 | 35 |(149) | (69) | (5.55) | (19.61) |(11.3)| (71) | (5.52) | (11.57) (24.2)
sertical M1 33 |9%.41630103 40| 133 | 76 | 5.49 1598 | 103 | 66 | 5.39 11.57 226
M2 s | 880|250 21| a2 | (11.9) | (69) | (537) | (15.98) | (9.8) | (65) | (5.26) | (11.45) (17.6)
il M1 28 1957159210 48] 159 | 65 | 526 1889 | 112 | 72 | 536 11.53 13.2
M2 8 | 935|241 19| 39 | (119 | (61) | (5.17) | (18.84) |(10.2)| (68) | (5.17) | (11.65) (14.3)
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Figure S17. J-V characteristics of the translucent perovskite submodules with 4 cm? aperture area after
fabrication of transmittance gradients, as presented in figure 6 in the manuscript.
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Figure S18. Short-term stability of the translucent perovskite submodules with 4 cm2 aperture area

after fabrication of transmittance gradients under continuous illumination during MPP tracking at
nominal operating cell temperature (NOCT) conditions without active cooling.
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Figure S19. Comparison of normalized subcell currents before (opaque) and after (translucent)
fabrication of transmittance gradients and without (w/o) and with (w) adaption of subcell width for
current matching of subcells in the translucent perovskite submodules. a) The transmittance gradient
is horizontal (in parallel to interconnection lines) and no current mismatch should occur. The only
minimal higher current mismatch for translucent subcells than for opaque subcells demonstrates high
homogeneity of fabricated transparent areas over the entire substrate area. b) The transmittance
gradient is vertical (perpendicular to interconnection lines) and without adaption a current mismatch
will occur. The much smaller current mismatch for translucent submodules with adapted cell widths
demonstrates the feasibility of transmittance-related current-density estimations and subsequent
design alterations for device optimization. c) The transmittance gradient has its origin in the center of
the substrate, proceeds radially to the substrate edges and will generate a current mismatch without
adaptions. The much smaller current mismatch for translucent submodules with adapted cell widths
further confirms the feasibility of device optimizations via design alterations.
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