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Scheme S1. The synthetic routes of PF-TT and PF-BDT.
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Fig. S1 The 'H NMR spectrum of PF-TT. CDCl; is used as the deuterium reagent.
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Fig. S2 GPC trace of PF-TT. THF is used as the eluent.
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Fig. S3 The 'H NMR of PF-BDT. CDCl; is used as the deuterium reagent.
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Fig. S4 GPC trace of PF-BDT. THF is used as the eluent.



Table S1. UV-vis absorption and electrochemical properties of the three CILs.

CIL Aonset (mm) “Eg" (eV) ’Enomo (eV) ’Erumo (eV)
PF-TT 498 2.49 -5.46 -3.46
PF-BDT 480 2.58 -5.51 -3.49
PDINO 623 1.99 -5.34 -3.25

B 0Pt = 1240/ Agpser
*Enomo = —€(Eonsetox T 4.37 €V)

PErumo = —e(Eonsetred T 4.37 €V)
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Fig. S5 Source data for the measured W, of the conducting materials (ITO, Ag, PH1000) with
and without the surface modifiers.



Table S2. W, changes of ITO, Ag and PH1000 modified with and without different

CIL.
Bare PF-TT PF-BDT PDINO
ITO -4.70+0.004 ¢V -4.08+0.005 eV  -3.61+0.005 eV  -3.82+0.004 eV
Ag -43440.004 ¢V -4.10£0.004 eV -3.75+0.006 eV  -3.86+0.006 eV
PEDOT:PSS
-4.9540.009 €V -4.65+0.004 eV -3.99+0.004 eV  -4.17+0.004 eV
(PH1000)

The =+ refers to the standard deviation from 100 values.
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Fig. S6 (a) Conductivity and (b) electron mobility of the devices with a structure in the inset

based on different interlayer.
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Fig. S7 Chemical structure formula of PF, PF-TT and PF-BDT used for DFT calculations.
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Fig. S8 AFM image of the bare PM6:Y6 active layer film.



Fig. S9 The current-sensing AFM (C-AFM) of the PF-TT, PF-BDT and PFN thin films. The

thickness of the films is ~50 nm.
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Fig. S10 (a) 2D GIWAXS images and (b) 1D GIWAXS line curves of the PFN film used for

comparison.



Table S3. Molecular orientation and crystallinity information of 2D GIWAXS.
010 d-spacin Coherence length
CIL U Peak (A1) FWHM (At “°Pacng &
direction A) A)
(IP) 1.4 0.39 436 14.33
PF-TT
(0O0P) 1.41 0.33 4.45 16.93
(IP) 1.35 0.37 4.65 15.11
PF-BDT
(0O0P) 1.34 0.42 4.68 13.30
(IP) 1.40 0.57 4.48 9.80
PFN
(0O0P) 1.31 0.54 4.79 10.35

“FWHM = full-width at half-maximum.
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Fig. S11 J-V curves of PM6:Y 6-based devices with PF-TT and PF-BDT as CIL derived from

methanol, water or 2-methoxyethanol, respectively.
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Fig. S12 J-V curves of PM6:Y 6-based devices with (a) PF-TT, (b) PF-BDT and (¢) PDINO at

different film thickness.



Table S4. Parameters of PM6:Y6-based devices with different concentrations of PF-

TT, PF-BDT and PDINO. The thickness of the films are determined by a step profiler.

JIsc FF PCE

CIL Concentration Thickness Voc (V) (mA cm?) (%) (%)

1 mg/mL 9 nm 0.83 26.46 74.08 16.27

2 mg/mL 15 nm 0.82 26.42 71.63 15.52

PF-TT 3 mg/mL 30 nm 0.82 26.41 69.92 15.30

4 mg/mL 53 nm 0.82 26.50 67.99 14.82

5 mg/mL 72 nm 0.82 25.60 64.99 13.64

1 mg/mL 11 nm 0.85 26.88 74.80 17.09

2 mg/mL 22 nm 0.83 27.32 70.71 16.15

PF-BDT 3 mg/mL 35 nm 0.82 27.39 70.36 15.87
4 mg/mL 51 nm 0.82 26.42 69.39 15.05

5 mg/mL 79 nm 0.82 25.89 68.16 14.47

1 mg/mL 8 nm 0.84 25.94 72.63 15.79

2 mg/mL 12 nm 0.82 26.40 70.41 15.26

PDINO 3 mg/mL 26 nm 0.82 26.30 68.31 14.75
4 mg/mL 46 nm 0.82 24.81 64.91 13.13

5 mg/mL 64 nm 0.82 22.61 61.03 11.31
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Fig. S13 The dependence of (a) Jsc and (b) Voc of the OSCs on the light intensity. They can be

described according to the equations of Jsc <Py, (o represents the degree of recombination)

and Voco<nkT/qInPjigy (k, T and q represent Boltzmann constant, temperature in Kelvin and

elementary charge), respectively.
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Fig. S14 The contact angle measurements of different films to deionized water.
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Fig. S15 Normalized PCE degradation trend of the optimized non-fullerene OSCs with PF-TT,
PF-BDT, and PDINO as CIL under different conditions: (a) stored in a N,-filled glove-box
(shelf stability), (b) continuously heated at 85 °C (thermal stability) and (c) exposed under the

illumination of AM 1.5G, 100 mW/cm? with a white LED light in the glove box (photo
stability).



Table S5. A summary of the photovoltaic parameters of reported non-fullerene OSCs
using thick CILs (>30 nm) and the results in this work (Corresponding to Fig. 6d). The
thickness-scaling loss of PCE is defined as APCE/Atx100% (%/nm).

Active Thicknes Voc Jsc PCE thickness-scaling
CIL FF (%) . Ref
Layer s (nm) V) (mA-cm?) (%) loss of PCE (%/nm)
PTB7-Th: 5 0.92 16.59 70 10.8
PFN-2TNDI 4.64% 1
N2200 33 0.92 15.18 69 9.5
PTB7-Th: 5 0.71 23.6 62.2 10.5
P2G 3.76% 2
IEICO-4F 35 0.71 20.9 62.7 937
PBDB-T: 12 0.94 16.12 74.17 11.23
PDI-z 7.89% 3
IT-M 40 0.90 15.01 66.78 9.02
PBDB-T: 13 0.87 15.90 69 9.56
PMI-TPP 0.45% 4
ITIC 55 0.88 15.25 69 937
5 0.88 18.83 68.2 11.30
ATF 22.56%
50 0.53 5.10 425 1.15
PBDTS- 5 0.89 19.32 70.5 12.12
STF 8.76% 5
TDZ: IT-4F 50 0.87 16.02 58.7 8.18
5 0.88 19.89 74.6 13.21
OTF 8.22%
50 0.88 17.18 62.9 9.51
20 0.88 20.77 74.63 13.33
PNDT 2.5%
PBDB-2Cl: 50 0.87 19.58 74.88 12.58
6
ITIC-2F 10 0.85 21.10 69.14 12.44
PNDTOO 1.4%
50 0.87 19.97 74.29 13.00
5 0.86 20.8 76.0 13.5
PM6:1T-4F NDI-N 7.33% 7
50 0.86 15.9 74.0 10.2
PTQI10: 5 0.91 19.09 74.87 13.01
PDINO-G 1.52% 8
IDIC-2F 32 091 18.76 73.72 12.60
PEDETA- 5 0.835 26.85 72.39 16.57
PM6: Y6 12.64% 9
DBO 30 0.816 24.22 65.83 13.41
9 0.843 25.54 74.81 15.46
. 0,
PMé:Y6 PDINO 39 0.834 19.76 71.12 11.72 12.47% 10
11 0.849 26.72 743 16.86
. 0,
PM6:Y6 NTA 35 0.822 25.04 66.9 13.77 12.88% 1
10 0.851 26.40 78.32 17.60
. 0,
PM6:Y6 PDINOH 53 0.830 24.77 70.39 14.47 7.28% 12
8 0.873 24.94 69.1 15.04
. 0,
PM6:Y6 NEA 36 0.835 25.38 55.0 11.66 12.07% 13
14 0.83 25.49 74.10 13.01
. 0,
PM6:Y6 | PTPAPDINO -3 0.83 296 0781 12.60 2.93% 14
8 0.85 25.42 74.7 16.14
. 1 0,
PM6:Y6 TOASIW12 I 0.845 a4 62 1150 18.56% 15




4 0.840 25.94 7256 | 1579
. ~ o,
PM6:Y6 PBI-2P 2 0.840 24.47 5820 | 11.97 13.64% 16
PM6: 7 0.82 231 557 | 110
PDIN-EH 1.61% 17
Y6C12 38 0.83 25 s48 | 105
10 0.84 2631 761 | 1682
. ~ 0
PM6:Y6 | PDINN-2F > 50 " 1 | 130 7.16% 18
8 0.84 2574 7393 | 16.06
. ~ 0
PM6:Y6 NDI-NI 37 0.84 24.95 7327 | 1537 2.38% 19
PNDIT-F3N- 30 0.83 26.12 7439 | 1618
PM6:Y6 43% 20
Br 60 0.83 25.17 7107 | 14.89
4 0.860 268 760 | 175
. : . 0
PM6:Y6 | SiNeTI-Br iy 5o o 3 | 153 6.88% 21
19 0.857 2638 7725 | 17.44
. ~ 0
PM6:Y6 | NDI-DABC 41 0.849 2628 7586 | 16.94 2.27% 2
PDINN: 10 0.852 2536 7355 | 1588
BTR-CLY6 7.28% 23
7%DOH 50 0.830 011 7068 | 12.97
10 0.843 2761 7509 | 17.49
- 0,
Mg gTp. | TEYPPINO 45 0.840 26.69 7289 | 1634 3.29%
o 6 0.833 2770 7431 | 17.15 24
- 0,
t-PyPDINBr 53 0.827 24.10 7259 | 1448 >:68%
PM6:BTP- 1 0.85 27.41 7928 | 18.47 This
PF-BDT 7.52%
eC9 53 0.82 2648 | 70.05 | 15.31 Work
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Fig. S16 (a) J-V curves of the printable PM6:BTP-eC9-based non-fullerene OSCs with blade-

PF-BDT PDINO

coated PF-BDT (~60 nm) and PDINO (~50 nm) CIL. A physical map is inserted in the inset

and the aperture area is 1 cm?. (b) PCE statistics distribution of 10 individual cells.
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