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Experimental Section

Materials

PM6 (Mn=45000 g/mol, Mw=97000 g/mol), D18-Cl (Mn=58507 g/mol,

Mw=111618 g/mol), L8-BO, BTP-eC9 and PDINN were purchased from Solarmer Materials

Inc. 2PACz was purchased from TCI Inc. All reagents and solvents were used directly as received.

OPV Fabrication

Organic solar cells were fabricated on ITO glass substrates with the conventional structure of

ITO/2PACz/Active layer/ PDINN /Ag. The ITO glass substrates were cleaned by sonication using

detergent, deionized water, acetone, and isopropanol consecutively for 20 min in each step before

fabrication. The pre-cleaned Glass/ITO substrates were treated in an ultraviolet ozone generator

for 20 min (LEBO Science UC100-SE), followed by deposition of 2PACz. The mixture of four

components are weighted and dissolved together in CF and heated at 60 ℃ for 40 min before

spin-coating. The active layer was spin coated at varied spinning speed for 30 s to form an active

layer. Then the devices were annealed at 100 °C for 10 min. A layer of PDINN (0.5 mg/ml in

methanol) was deposited by spin coating at 3500 rpm for 30 s. Then the Ag electrode with varied

thickness was deposited by thermal evaporation under a base pressure of 5×10-4 Pa at the speed of

1 Å s-1. The active cell areas with calibrated apertures are 0.06 cm2 (0.0476 cm2 covered by mask).

Device Characterization

Organic solar cells characterization under AM 1.5G spectra: The J-V measurement was

performed via the solar simulator (SS-X50, Enlitech) along with AM 1.5G spectrum, whose

intensity was calibrated by a standard silicon solar cell (SRC-2020, Enlitech) at 100 mW cm-2. The

external quantum efficiency (EQE) data was obtained from the solar-cell spectral-response

measurement system (QE-R, Enlitech).

AFM characterization

Topographic images of the films, fabricated under the same optimized conditions, were

measured from a VeecoMultiMode AFM in tapping mode, and the scanning rate for a 1 μm × 1

μm image was 1.0 Hz.



Contact Angle Measurement

Contact angles of water and diiodomethane on all films were measured using a contact angle

system (DropMeter A-200, MAIST).

Grazing Incidence Small-Angle X-ray scattering (GISAXS) characterization

GISAXS measurements were performed using a Xeuss 2.0 SAXS/WAXS laboratory

beamline using a Cu X-ray source (8.05 keV, 1.54 Å) and a Pilatus3R 300K detector. The

incidence angle was 0.2°.

Grazing Incidence Wide-Angle X-ray Scattering (GIWAXS) characterization

GIWAXS measurements were performed at beamline 7.3.3 at the Advanced Light Source.

Samples were prepared on Si substrates using identical blend solutions as those used in devices.

The 10 keV X-ray beam was incident at a grazing angle of 0.10°-0.14°, selected to maximize

the scattering intensity from the samples. The scattered x-rays were detected using a Dectris

Pilatus 2M photon counting detector.

FT-IR Measurement

Fourier transform infrared spectroscopy (FT-IR) measurements were conducted on a Nicolet

6700 FTIR-ATR (Themo Fisher scientific LLC).

IR-AFMMeasurement

IR-AFM images were obtained on nanoIR2-fs (Anasys Instruments) in the contact mode.

Transient Absorption Spectroscopy (TAS) Measurement

For femtosecond transient absorption spectroscopy, the fundamental output from Yb:KGW

laser (1030 nm, 220 fs Gaussian fit, 100 kHz, Light Conversion Ltd) was separated to two light

beams. One was introduced to NOPA (ORPHEUS-N, Light Conversion Ltd) to produce a certain

wavelength for pump beam (here we use 750 nm,<10 μ J/cm2), the other was focused onto a

YAG plate to generate white light continuum as probe beam. The pump and probe overlapped on

the sample at a small angle less than 10°. The transmitted probe light from sample was collected

by a linear CCD array.



We processed the analysis of hole transfer kinetics by biexponential fitting based on the

following formula: � = A1e−t/τ1 + A2e−t/τ2

Electroluminescence External Quantum Efficiency (EQEEL)

A digital source meter (Keithley 2400) and a picoammeter (Keithley 6482) were used for the

EQEEL measurements. The former was applied to inject electric current into the solar cells to emit

the photons, which will be collected using a Si diode and form electric current that can be

measured by the latter.

Electroluminescence (EL) Measurement

A source meter (Keithley 2400) was employed to create the injected electric current leading

to the luminescence of the solar cells. After going through an optical fiber(BFL200LS02, Thorlab),

the emitted light emerged from the solar cells was collected by a fluorescence spectrometer

(KYMERA-3281-B2, Andor Technology) including two sets of diffraction gratings for the

wavelength range of 600~1100 nm and 900~1400 nm, and was measured by a Si EMCCD camera

(DU970PBVF, Andor Technology) and an InGaAs camera (DU491A-1.7, Andor Technology),

respectively.

The EL spectra were corrected for the optical losses in the fibers, the spectrometer and the

cameras, using a calibrated halogen lamp (HL-3P-CAL, Ocean Optics Germany GmbH).

Photoluminescence (PL) Measurement

A Supercontinuous White Laser (SuperK EXU-6, NKT photonics) and narrowband filters

(LLTF Contrast SR-VIS-HP8, LLTF Contrast SR-SWIR-HP8, NKT photonics) were used to

acquire the tunable excitation wavelength. After excited by the laser, the measurement processes

of the emission spectra were the same as electroluminescence spectra.

The PL spectra were corrected for the optical losses as same as EL spectra. In addition, the

PL spectra were also corrected for excluding the difference of the absorption ability caused by

thickness between different organic layers when characterize the photoluminescence quenching

efficiency.



Figure S1. Contact angles of DIO, DIB, DIO+DIB with diiodomethane (CH2I2).

Figure S2. Contact angles of PM6, D18-Cl, L8-BO, BTP-eC9 with water (H2O) and
diiodomethane (CH2I2).



Figure S3. Images of L8-BO films with the corresponding additives.

Figure S4. Images of BTP-eC9 films with the corresponding additives.



Figure S5. Energy levels of active layer materials PM6, D18-Cl, L8-BO, and
BTP-eC9.

Figure S6. The certification report of the champion OPV device.



Figure S7. Figure-of-merit chart of certified single-junction OPVs.

Figure S8. Normalized absorption spectra of PM6:D18-Cl:L8-BO:BTP-eC9 films with varied
additives.



Figure S9. AFM height and phase images of PM6:D18-Cl:L8-BO:BTP-eC9 quaternary blend
films based on the corresponding additives.

Figure S10. FTIR spectra of PM6, D18-Cl, L8-BO and BTP-eC9, where the characteristic
wavenumbers are 1650, 1464, 1603, and 1570 cm-1, respectively.



Figure S11. IR-AFM images of the calculated phase ratio of L8-BO and BTP-eC9 in comparison
to PM6 based on films without additive, and films with DIO, DIB.

Figure S12. The 2D GIWAXS patterns of donors PM6 and D18-Cl. qxy, scattering vector in the
in-plane (IP) direction; qz, scattering vector in the out-of-plane (OOP) direction. (b) IP and OOP
line cut profiles of the 2D GIWAXS data.



Figure S13. The 2D GIWAXS patterns of acceptors L8-BO and BTP-eC9. (b) IP and OOP line cut
profiles of the 2D GIWAXS data.

Figure S14. The 2D GIWAXS patterns of PM6:D18-Cl:L8-BO:BTP-eC9 quaternary blend
without additive. (b) IP and OOP line cut profiles of the 2D GIWAXS data.



Figure S15. The 2D GIWAXS patterns of PM6:D18-Cl:L8-BO:BTP-eC9 quaternary blend with
DIO additive. (b) IP and OOP line cut profiles of the 2D GIWAXS data.

Figure S16. The 2D GIWAXS patterns of PM6:D18-Cl:L8-BO:BTP-eC9 quaternary blend with
DIB additive. (b) IP and OOP line cut profiles of the 2D GIWAXS data.



Figure S17. The 2D GIWAXS patterns of PM6:D18-Cl:L8-BO:BTP-eC9 quaternary blend with
DIO+DIB additive. (b) IP and OOP line cut profiles of the 2D GIWAXS data.

Figure S18. CCL values calculated from the GIWAXS measurement with beam incidents at a
grazing angle of 0.10°-0.14° of the additive-free, DIO, DIB, DIO+DIB based quaternary blends



Figure S19. GISAXS patterns of quaternary blend based on the corresponding additives.



Figure S20. AFM height and phase images of the quaternary blend films with the DIO+DIB
additive processed at 25, 60, and 120 ℃.

Figure S21. Normalized PCE and FF of the dual-additive based devices dissolved and cast at 25,
60, and 120 ℃.

Note:
Moreover, molecular interaction and pre-aggregation are sensitive to the dissolving temperature while
spinodal decomposition and phase separation are highly sensitive to the solution temperature. To
examine how temperature influences the morphology, an experiment is designed by comparing
quaternary blends dissolved and cast at different temperatures: 25 ℃ (room temperature), 60 ℃ and
120 ℃. Although all these three blends are all dissolved macroscopically, however, the intermixing
may vary on a molecular level (Figure S20). The OPV devices with normalized PCE and FF presented
in Figure S21 for intuitive observation. Blends with too low (25 ℃) or too high temperature (120 ℃)
show inferior performance than the film cast at the optimal condition(60 ℃), especially affecting FF of
the devices, which may be due to that low temperature cannot form appropriate molecular interaction
while high temperature cause inferior film formation kinetics.



Figure S22. Normalized PCE, VOC, JSC and FF of the OPV devices with different additives. The
initial values are set to 1.

Note:
Further, an accelerated aging test is conducted with the completed devices with different additives
heated at 90 ℃ for 100 hours in the N2-filled glovebox to study the morphology stability (Figure
S22). As a result, the DIB based devices and the devices without additive show better morphology
stability than the devices containing DIO, which is difficult to evaporate and remains in the bulk
(Figure S1), further deteriorating the already-optimized morphology. Therefore, the main reasons
for the impact of DIO on long-term stability on morphology should be explored while alternative
additives should also be screened in the future.



Figure S23. Detailed film formation process of the PM6:D18-Cl:L8-BO:BTP-eC9 quaternary
blend based on various additives (a) without additive, (b) DIO, (c) DIB, (d) DIO+DIB.

Figure S24. 3D diagrams of Cl- and F- distribution in quaternary blend films based on
additive-free, DIO, DIB, and DIO+DIB.



Figure S25. I- distribution in quaternary blend films, where 25 represents the film without
annealing while 80 represents the film annealed at 80℃ for 5 min.



Figure S26. (a) The color plot of transient absorption spectra of PM6:D18-Cl:L8-BO:BTP-eC9
blend films under 800 nm excitation. (b) The corresponding 2D plots of TAS measurement.

Figure S27. Electron and hole mobility of the quaternary electron-only and hole-only devices.



Figure S28. Jph versus Veff of the corresponding devices.

Figure S29. Dependence of 1)VOC and 2) JSC on various light intensities based on the quaternary
OPVs without additive, and DIO, DIB, DIO+DIB based devices.



Figure S30. Eg plots determined from the intersection of the absorption and the PL emission.

Figure S31. The calculation of Urbach energy (EU) for PM6:D18-Cl:L8-BO:BTP-eC9 based
OPVs with the corresponding additives.



Table S1. Contact angles of the photo-active materials PM6, D18-Cl, L8-BO, BTP-eC9 and the
additives DIO, DIB, DIO+DIB.

Film θ H2O (°) θCH2I2(°) Surface tension(mJ cm−2)

PM6 105.31 61.77 27.13

D18-Cl 105.71 63.46 26.58

L8-BO 93.99 44.89 45.18

BTP-eC9 95.93 38.87 41.72

DIO 40.64 42.16 173.58

DIB 32.24 38.27 191.91

DIO+DIB 39.65 47.94 175.88

Table S2. calculated Flory–Huggins parameter (χ) of the corresponding additives with the
photo-active materials.

Film Surface tension(mJ cm−2) χD/A,DIO χD/A,DIB χD/A,DIO+DIB

PM6 27.13 63.46 74.73 64.85

D18-Cl 26.58 64.31 75.65 65.71

L8-BO 45.18 41.65 50.86 42.78

BTP-eC9 41.72 45.10 54.67 46.28

Note:
The Flory-Huggins parameter (χ) between photo-active material (donor or acceptor, D/A) and
additives is calculated as:

��/�, ��� = ( �/� − ��� )�



Table S3. Certified efficiencies of the state-of-art OPVs.

Device VOC (V) JSC (mA cm-2) FF (%) PCE (%) Ref.

PM6:D18-Cl:L8-BO:BTP-eC9 0.881 28.34 79.76 19.92 This work

PTO2:IT-4F 0.92 21.75 72 14.59 [1]

PM6:Y6 0.83 23.2 76.8 14.9 [2]

PM6:Y6:PC71BM 0.847 24.71 76.6 16 [3]

PM6:Y11 0.836 26.3 73.32 16.11 [4]

PM6:Y6:PC61BM 0.844 25.63 74.7 16.2 [5]

PM6:N3:PC71BM 0.862 26.2 72.7 16.42 [6]

PM6:Y6:MF1 0.839 25.51 78.4 16.8 [7]

PM6:DRTB-T-C4:Y6 0.835 25.69 78.3 16.8 [8]

PM6:BTTzR:Y6 0.869 25.11 77.5 16.9 [9]

PBDB-TF::BTP-eC9 0.841 26.2 78.3 17.3 [10]

PM6:BTP-S9 0.839 26.84 77.1 17.4 [11]

PM6:Y6 0.845 26.43 79.1 17.7 [12]

PM6:L8-BO 0.87 25.38 81 17.9 [13]

D18/T9TBO-F:Y6-O 0.834 29.0 75.11 18.18 [14]

PM6:BO-4Cl:BO-5Cl 0.865 26.88 78.2 18.2 [15]

PM6:L8-BO 0.883 26.09 79 18.2 [16]

PBDB-TF:HDO-4Cl:eC9 0.864 26.68 79.5 18.3 [17]

PBDB-TF:BTP-eC9:BTP-S2 0.878 26.55 78.57 18.31 [18]

PM6/L8-BO 0.881 26.52 79 18.44 [19]

PM1:L8-BO:BTP-2F2Cl 0.869 27.19 79 18.7 [20]

PBQx-TF:eC9-2Cl:F-BTA3 0.878 26.8 79.4 18.7 [21]

PM6:BTP-eC9:BTP-S9 0.862 27.37 79 18.7 [22]

PM6:L8-BO-T2 0.881 27.07 78.3 18.7 [23]

PM6:BTP-H2:L8BO 0.892 26.42 79.7 18.8 [24]

D18/L8-BO 0.914 26.54 77.8 18.9 [25]

PBDB-TCl:AITC:BTP-eC9 0.88 26.9 79.6 18.9 [26]

PBQx-TF:eC9-2Cl 0.877 27.1 79.8 19.0 [27]

PM6:L8-BO:BTP-eC9 0.869 27.47 79.86 19.07 [28]

PBQx-TCl:PBDB-TF:eC9-2Cl 0.886 26.99 79.7 19.1 [29]

D18-Cl:BTP-eC9/PM6:L8-BO 0.901 26.86 79.67 19.28 [30]

PM6:D18:L8-BO 0.891 26.7 80.8 19.2 [31]

PM6:BTP-eC9:BTP S16:BTP-S17 0.88 27.73 79.55 19.41 [32]

PM6:D18-2F:BTP-eC9 0.863 28.67 78.79 19.50 [33]

PB2:BTP-eC9:FTCC-Br 0.887 27.54 80.72 19.7 [34]

PM6:L8-BO:BTP-eC9 0.881 27.85 80.66 19.79 [35]

D18:Z8:L8-BO 0.902 27.0 81.04 19.8 [36]

D18:L8-ThCl/L8-BO:L8-ThCl 0.907 27.4 80.44 20.02 [37]

D18-Cl:BTP-4F-P2EH 0.924 27.47 79.11 20.08 [38]



Table S4. The photovoltaic performance comparison of PM6:D18:L8-BO:BTP-eC9 and
PM6:D18-Cl:L8-BO:BTP-eC9.

VOC (V) JSC (mA cm-2) FF (%) PCE (%)

PM6:D18:L8-BO:B
TP-eC9

0.872

(0.869 ± 0.003)

28.25

(28.01 ± 0.31)

81.80

(81.08 ± 0.53)

20.14

(19.71 ± 0.30)

PM6:D18-Cl:L8-B
O:BTP-eC9

0.879

(0.874 ± 0.01)

28.55

(28.54 ± 0.18)

81.33

(80.91 ± 0.44)

20.52

(20.31 ± 0.12)



Table S5. Structure parameters including position, FWHM, d-spacing, CCL of PM6 film.

In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm) Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.289 21.74 0.085 6.65 1.67 3.77 0.27 2.09

0.652 9.64 0.066 8.57 - - - -

Out of plane

Location(Å-1) d-spacing(Å) FWHM CL(nm) Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.305 20.60 0.079 7.16 0.305 - - -

0.958 6.56 0.222 2.55 0.958 - - -

1.664 3.78 0.371 1.52 1.664 - - -

0.305 20.60 0.079 7.16 0.305 - - -

0.958 6.56 0.222 2.55 0.958 - - -

Table S6. Structure parameters including position, FWHM, d-spacing, CCL of D18-Cl film.

In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm) Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.309 20.33 0.074 7.64 1.63 3.85 0.27 2.13

1.348 4.66 0.339 1.67 - - - -

Out of plane

Location(Å-1) d-spacing(Å) FWHM CL(nm) Location(Å-1) d-spacing(Å) FWHM CL(nm)

1.663 3.78 0.258 2.19 1.663 - - -



Table S7. Structure parameters including position, FWHM, d-spacing, CCL of L8-BO film.

Table S8. Structure parameters including position, FWHM, d-spacing, CCL of BTP-eC9 film.

In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm) Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.42 14.96 0.114 4.96 0.42 14.96 0.114 4.96

1.289 4.87 0.263 2.15 1.289 4.87 0.263 2.15

Out of plane

Location(Å-1) d-spacing(Å) FWHM CL(nm) Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.51 12.32 0.307 1.84 0.51 - - -

1.711 3.67 0.33 1.71 1.711 - - -

In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm) Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.391 16.07 0.09 6.28 1.25 5.01 0.27 2.12

0.67 9.38 0.296 1.91 1.49 - 0.39 -

Out of plane

Location(Å-1) d-spacing(Å) FWHM CL(nm) Location(Å-1) d-spacing(Å) FWHM CL(nm)

1.73 3.63 0.253 2.24 1.73 3.63 0.253 -



Table S9. Structure parameters including position, FWHM, d-spacing, CCL of the quaternary
blended film without additive.

0.1° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.309 20.33 0.082 6.90

1.313 4.79 0.245 2.31

1.58 3.98 0.67 0.84

Out of plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

1.709 3.68 0.25 2.26

0.12° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.311 20.20 0.086 6.58

1.33 4.72 0.324 1.75

1.59 3.94 0.6 0.94

Out of plane

1.721 3.65 0.262 2.16

0.13° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.311 20.20 0.087 6.50

1.323 4.75 0.329 1.72

1.59 3.94 0.56 1.00

Out of plane

1.721 3.65 0.262 2.16

0.14° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.311 20.20 0.087 6.50

1.333 4.71 0.307 1.84

1.6 3.94 0.58 0.98

Out of plane

1.723 3.65 0.27 2.09



Table S10. Structure parameters including position, FWHM, d-spacing, CCL of the quaternary
blended film with DIO additive.

0.1° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.305 20.60 0.065 8.70

1.304 4.82 0.245 2.31

1.58 3.98 0.6 0.94

Out of plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

1.715 3.66 0.252 2.24

0.12° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.308 20.40 0.069 8.20

1.318 4.77 0.26 2.17

1.6 3.94 0.59 0.96

Out of plane

1.729 3.63 0.265 2.13

0.13° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.307 20.47 0.062 9.12

1.317 4.77 0.268 2.11

1.59 3.95 0.59 0.96

Out of plane

1.729 3.63 0.267 2.12

0.14° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.308 20.40 0.059 9.58

1.322 4.75 0.27 2.09

1.6 3.94 0.53 1.07

Out of plane

1.731 3.63 0.269 2.10



Table S11. Structure parameters including position, FWHM, d-spacing, CCL of the quaternary
blended film with DIB additive.

0.1° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.308 20.40 0.088 6.43

1.309 4.80 0.243 2.33

1.61 3.91 0.54 1.05

Out of plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

1.705 3.69 0.252 2.24

0.12° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.312 20.14 0.087 6.50

1.326 4.74 0.261 2.17

1.59 3.96 0.56 1.02

Out of plane

1.722 3.65 0.249 2.27

0.13° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.31 20.27 0.088 6.43

1.324 4.75 0.279 2.03

1.57 4.01 0.75 0.75

Out of plane

1.716 3.66 0.274 2.06

0.14° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.312 20.14 0.088 6.43

1.329 4.73 0.251 2.25

1.57 4.00 0.72 0.79

Out of plane

1.722 3.65 0.263 2.15



Table S12. Structure parameters including position, FWHM, d-spacing, CCL of the quaternary
blended film with DIO+DIB additive.

0.1° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.308 20.40 0.071 7.96

Out of plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

1.71 3.67 0.23 2.46

0.12° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.307 20.47 0.069 8.20

1.311 4.79 0.277 2.04

1.59 3.95 0.47 1.20

Out of plane

1.714 3.67 0.254 2.23

0.13° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.308 20.40 0.054 10.47

1.314 4.78 0.249 2.27

1.58 3.98 0.59 0.95

Out of plane

1.723 3.65 0.252 2.24

0.14° In plane

Location(Å-1) d-spacing(Å) FWHM CL(nm)

0.31 20.27 0.069 8.20

1.316 4.77 0.269 2.10

1.57 3.99 0.54 1.04

Out of plane

1.723 3.65 0.251 2.25



Table S13. μe and μh of the queternary devices calculated from the SCLC measurements based on
variant additives.

Device μe(×10-4 cm2 V-1 s-1) μh(×10-4 cm2 V-1 s-1)

wo 5.98 ± 0.69 4.50 ± 1.36

DIO 8.96 ± 1.41 8.50 ± 0.86

DIB 10.11 ±2.93 9.19 ± 1.74

DIO+DIB 12.32 ± 2.97 10.50 ± 1.81

Table S14. ηdiss and ηcoll of the queternary devices based on variant additives.

Table S15. EQEEL of the queternary devices based on variant additives.

wo DIO DIB DIO+DIB

ηdiss 0.989 0.984 0.967 0.990

ηcoll 0.891 0.916 0.884 0.937

Device EQEEL (×10-4)

wo 3.032

DIO 2.940

DIB 2.966

DIO+DIB 3.078



Table S16. The detailed energy loss analysis of the quaternary PM6:D18-Cl:L8-BO:BTP-eC9
system.
Active

layer

Eg

(eV)

Voc,sq

(V)

ΔE1

(eV)

J0, rad
(mA/cm2)

Voc,rad

(V)

ΔE2

(eV)

Voc

(V)

ΔE3

(eV)

Eloss

(eV)

wo 1.448 1.183 0.265 8.686×10-18 1.097 0.086 0.882 0.215 0.566

DIO 1.441 1.176 0.265 1.306×10-17 1.087 0.090 0.869 0.218 0.572

DIB 1.432 1.168 0.264 1.000×10-17 1.093 0.075 0.876 0.217 0.556

DIO+DIB 1.433 1.169 0.264 1.643×10-17 1.081 0.088 0.868 0.213 0.565

Note:
The analysis of ΔE3 is based on the equations below:

���,��� ≈
���

� ��
��ℎ

��,���

��3 = ���� = ���,��� − ���

Table S17. The detailed energy loss analysis of the quaternary PM6:D18-Cl:L8-BO:BTP-eC9
system.
Active

layer

Eg

(eV)

Voc,sq

(V)

ΔE1

(eV)

J0, rad
(mA/cm2)

Voc,rad

(V)

ΔE2

(eV)

Voc

(V)

ΔE3

(eV)

Eloss

(eV)

wo 1.448 1.183 0.265 0.209 0.882 1.091 0.092 0.566 1.448

DIO 1.441 1.176 0.265 0.210 0.869 1.079 0.098 0.572 1.441

DIB 1.432 1.168 0.264 0.210 0.876 1.086 0.082 0.556 1.432

DIO+DIB 1.433 1.169 0.264 0.209 0.868 1.077 0.092 0.565 1.433

Note:
The analysis of ΔE3 is based on the equations below:

��3 = ��'��
���

�
��

1
�����
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