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1. Materials
PM6, Y6 and PCeBM were purchased from Solarmer Materials Inc. The

molybdenum oxide (MoOgz) was purchased from Sigma-Aldrich. Chloroform was
purchased from Shanghai Titan Scientific Co., Ltd. ZnO nanoparticles inks were
synthesized according to our previous work™. ITO-coated glass substrates were

purchased from Beijing HuaMin New Materials Technology Co., Ltd.

2. Device fabrication

Small-area OSCs were fabricated with a device structure of 1TO/ZnO:PEI/Active
Layer/MoOs/Ag. The ITO glass was sequentially cleaned with detergent, deionized
water, and ethanol, then dried at 70 <C in a baking oven. After 25 min UV treatment
for the ITO substrate, a thin layer ZnO:PEI was deposited through doctor-blading at
21 mm/s on ITO-coated glass. Then the active layer was blade-coated from a solution
of PM6:Y6 (1:1.2, wt%; 22 mg/mL) in chloroform on the ZnO:PEI layer. The ambient
temperature and substrate temperature are regulated by air conditioning, which is left
on overnight. The substrate temperature of 30 °C can be easily achieved by the
heating plate on the doctor-blade coater. The active layer was transferred to the
glovebox and annealed at 100 <C for 10 min. Next, MoO3z (~10 nm) and silver (Ag,
~100 nm) were sequentially deposited on active layers by thermal evaporation. The
large-area modules were fabricated with similar processing steps to the small-area

OSCs.
3. AFM

Height

Fig. S1. (Color online) AFM height images of doctor-bladed PM6:Y6 blend thin films

at the different temperatures. (a) 17 °C. (b) 24 °C. (c) 30 °C.
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4. 2D GIWAXS
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Fig. S2. (Color online) 2D GIWAXS patterns of doctor-bladed PM6:Y6 blend thin
films at the different temperatures. (a) 17 °C. (b) 24 °C. (c) 30 °C.

5. Device performance
Table S1. Performance parameters of doctor-bladed small-area PM6:Y6 OSCs at

the different temperatures.

Temperature (<T) Voe (V) Jsc (MA/cm?)  Jea(MA/cm?)  FF (%)  PCE (average) (%)
17 0.832 24.33 23.80 71.98 14.57 (14.35)
24 0.832 24.65 23.87 72.06 14.78 (14.58)
30 0.834 24.23 23.67 72.47 14.64 (14.46)

6. Bimolecular recombination and trap-assisted recombination
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Fig. S3. (Color online) (a) Light intensity-dependent Js, and (b) Light
intensity-dependent Vo. of PM6:Y6 OSC devices fabricated at the different

temperatures.
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Fig. S5. NPVM report for PM6:Y6 module.
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Figure 1. 1-V and P-V characteristic curves of the measured sample under STC
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3 Measurement Data and Curve of Relative Spectral Responsivity (SR) of the Measured Sample

Wavelength
(nm)

Wavelength
(nm)

Wavelength
(nm)

Wavelength
(nm)

Wavelength

Wh(%) (nm)

SR(%) SR(%) SR(%) SR(%)

300 3:23 445 34.25 590 75.56 735 92.56 880 59.17
305 4.24 450 36.98 595 76.13 740 93:15 885 52:51
310 552 455 39470 600 76.98 745 93.85 890 49.09
315 6.80 460 42.46 605 77.61 750 94.64 895 41.40

320 8.31 465 44.95 610 77.42 155 95.36 900 34.78
325 9.67 470 47.24 615 17.91 760 95.93 905 29.43
330 10.65 475 49.30 620 78.21 765 96.51 910 24.50
335 11.41 480 51.13 625 78.25 770 97.16 915 20.23
340 12.28 485 52.68 630 7795 775 97.83 920 15.75
345 13.44 490 54.09 635 77.47 780 98.13 925 13.76
350 15.01 495 55.32 640 76.84 785 98.70 930 10.92
355 16.97 500 56.48 645 76.03 790 99.10 935 8.52
360 18.53 505 57.67 650 75.44 795 99.47 940 6.57
365 20.90 510 58.63 655 75.06 800 99.84 945 5:21
370 21.88 515 59.56 660 75.06 805 99.82 950 4.17
375 2179 520 60.64 665 T9:13 810 | 100.00 | 955 3.28

380 21.22 525 61.64 670 76.70 815 99.64 960 2.61

385 20.49 530 62.73 675 77.85 820 98.95 965 2.08
390 19.94 535 63.65 680 79.49 825 98.30 970 1559
395 19.70 540 64.91 685 81.24 830 98.08 975 1.20
400 19.83 545 66.01 690 82.85 835 9711 980 0.86
405 20.04 550 67.17 695 84.42 840 95.10 985 0.65
410 20.59 555 68.33 700 85.95 845 93.15 990 0.57
415 21.49 560 69.73 705 87.12 850 90.36 995 0.39
420 22.82 565 71.04 710 88.27 855 86.57 | 1000 0.33

&3

425 24.48 570 72.20 715 89.11 860 82.68 / /
430 26.59 575 73.20 720 9015 865 77.84 / /
435 28.89 580 74.00 725 90.94 870 72.56 / /
440 31.46 585 74.81 730 91741 875 66.42 / /
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Fig. S7. NPVM report for PM6:Y6 module.
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Figure 2. Relative spectral responsivity curve of the measured sample

4 Pictures of the Measured Sample
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Figure 3. Mask used during test and obverse side of the sample
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Figure 4. Reverse side of the measured sample

Uncertainty of Measurement Results:

Short-Circuit Current: Urei=1.8% (k=2); Open-Circuit Voltage: Ure=1.0% (k=2);

Maximum Power: Ure=2.2% (k=2); Efficiency: Urei=2.2% (k=2); Fill Factor: Ur=3.2% (k=2).
Relative Spectral Responsivity:

(300~400) nm: Urer = 2.2% (k=2);

(400~1000) nm: Uret = 1.8% (k=2).

YtBA: The aperture area of the measured sample was 26.75 cm?.

Explanation

Testing Method (Code and Name) for This Test

IEC 60904-1: 2020 Photovoltaic devices- Part 1: Measurement of photovoltaic current-voltage characteristics

IEC 60904-8: 2014 Photovoltaic devices- Part 8: Measurement of spectral responsivity of a photovoltaic (PV)

device
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Fig. S9. NPVM report for PM6:Y6 module.
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Fig. S10. NPVM report for PM6:Y6 module.
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Fig. S12. NPVM report for PM6:Y6:PCs1:BM module.
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1 Standard Test Condition (STC): Total Irradiance: 1000 W/m?
Temperature: 25.0 'C
Spectral Distribution: AMI.5G

2 Measurement Data and [-V/P-V Curves under STC
Forward Scan

L Voe Ivep Vyipp Pupp

(mA) V) (mA) V) el T o)

48.62 10.79 42.59 8.941 380.8 72.59 14.24

Reverse Scan

I Voe Tvep Vaiep Purp
(mA) (V) (mA) V) (mW)

48.52 10.85 42.68 8.991 383.7 72.89 14.34

FF (%) 7 (%)
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50.0 400.0
- 360.0
0.0 \. 4 320.0
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Figure 1. I-V and P-V characteristic curves of the measured sample under STC
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3 Measurement Data and Curve of Relative Spectral Responsivity (SR) of the Measured Sample

Wavelength
(nm)

Wavelength
(nm)

Wavelength
(nm)

Wavelength

Wavelength 0
G SR(%) SR(%)

SR(%) SR(%) SR (%) )

300 4.79 445 33.80 590 74.44 735 92.01 880 61.08

305 6.23 450 36.21 595 75.08 740 9251, 885 54.21

310 8.04 455 38.61 600 76.04 745 93.44 890 50.50

315 9.89 460 41.19 605 76.70 750 94.28 895 42.80

320 12.18 465 43.52 610 76.81 755 94.92 900 35.97
325 14.33 470 45.67 615 71.36 760 95.52 905 30.51

330 15.90 475 47.72 620 77.69 765 96.08 910 2542

335 16.91 480 49.69 625 77.68 770 96.71 915 21.04

340 17.79 485 51.38 630 7733 175 97.33 920 16.43

345 18.85 490 52.93 635 76.61 780 97.78 925 14.30
350 20.38 495 54.27 640 75.66 785 98.42 930 11.42

355 22.49 500 55.57 645 74.54 790 98.91 935 8.97

360 24.47 505 57.08 650 73.64 795 99.25 940 6.92

365 27.26 510 58.15 655 73.06 800 99.73 945 5.54

370 2823 515 59.20 660 72.91 805 99.83 950 4.44

375 27.86 520 60.31 665 73:33 810 | 100.00 | 955 3.49

380 26.83 525 61.29 670 74.28 815 99.88 960 2791

385 25.52 530 62.40 675 75.40 820 99.30 965 2:19

390 24.43 535 63.27 680 77.20 825 98.68 970 1.70

395 23.59 540 64.49 685 78.96 830 98.60 975 1.28

—

V201 400 23.20 545 65.51 690 80.73 835 97.56 980 0.92
'E» 4 405 22.85 550 66.62 695 82.49 840 95:13 985 0.70
ga——— 410 22.90 555 67.67 700 84.27 845 93.90 990 0.60

415 23.39 560 69.02 705 85.72 850 91.37 995 0.41
420 24.30 565 70.27 710 87.16 855 87.91 1000 0.35

425 25.55 570 71.42 715 88.19 860 84.13 / /
430 27.26 575 72.32 720 89.46 865 79.43 / /
435 29:15 580 73.06 725 90.21 870 74.41 / /
440 31.34 585 73.83 730 91.17 875 68.27 / /
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Fig. S14. NPVM report for PM6:Y6:PCs:BM module.
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Figure 2. Relative spectral responsivity curve of the measured sample

4 Pictures of the Measured Sample

Figure 3. Mask used during test and obverse side of the sample
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Fig. S15. NPVM report for PM6:Y6:PCs1BM module.
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Figure 4. Reverse side of the measured sample

Uncertainty of Measurement Results:

Short-Circuit Current: Uri=1.8% (k=2); Open-Circuit Voltage: Urr=1.0% (k=2);

Maximum Power: Ura=2.2% (k=2); Efficiency: Ur=2.2% (k=2); Fill Factor: Ure=3.2% (k=2).
Relative Spectral Responsivity:

(300~400) nm: Urer = 2.2% (k=2);

(400~1000) nm: Urel = 1.8% (k=2).

1BH: The aperture area of the measured sample was 26.75 cm?.

Explanation

% / Testing Method (Code and Name) for This Test
A

IEC 60904-1: 2020 Photovoltaic devices- Part 1: Measurement of photovoltaic current-voltage characteristics

IEC 60904-8: 2014 Photovoltaic devices- Part 8: Measurement of spectral responsivity of a photovoltaic (PV)
device
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Fig. S16. NPVM report for PM6:Y6:PCs:BM module.
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Measurement Standards Used in This Test

Uncertainty or

Name of Traceability

Thermometer

Institute/22B2-07588

i r SRR §
Name Number Messuring Ac'c N Clas.s 2 Institution/Certificate | Due Date
Range Maximum Permissible
No.
Error
DCI: Measure: DCV:Upi=0.05%4=2; DCI:
10807C0087 | (-10pA~1A); Uni=0.05%.k=2 Fujian Metrology Institute/
SourceMeter 2023-04-13
8-2 DCV: Output: DCV:U=0.05%.k=2; DCI: 22D2-01826
(20mV~20V ) Ura=0.05% k=2
Spectral Match: (300~310)
nm: Uwi=7.4% (k=2);(310~
(300~1200) 2 -
; 400) nm:  Ure=6.4% Fujian Metrology Institute/
Solar Simulator 2015-006 nm:; (800~ 2023-06-16
" (k=2):(400~1200) nm: 22Q2-00720
1200) W/m*
Ure=5.5% (k=2);Irradiance
Ratio: Ura=1.2% (k=2)
WPVS
M 1l National Institute of
onocrystalline e
0152014 | (300~1200) Un=1.3% (k=2) Metrology/ 2023-04-05
Silicon nm
GXgf2021-10725
Reference Cell
(300~400) nm Uri=1.8%~1.7%
(k=2) : (400~450) nm Ura=1.7%~ National Institute of
Si Photoelectric (300~1100)
Si-2 1.3% (k=2) : (450~1000 ) nm Metrology/ 2023-03-24
Detector nm
Ur=1.3%~1.2% (k=2) ; (1000~ GXgf2021-10903
1100 ) nm Uni=1.2%~1.7% (k=2)
Digital . . Fujian Metrology
15-B (15~65) 'C U=0.060 C (k=2) 2023-06-20
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Fig. S17. NPVM report for PM6:Y6:PCs:BM module.
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