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Fig. S1. UV-vis absorption of the binary and ternary blend films.
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Fig. S2. Optimization of PM6:DTTC-4CIC9 based binary devices.
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Fig. S3. (a) J-V curves and (b) EQE spectra of the PM6:BTP-BO-4Cl:DTCC-4CIC9 based
devices with different ratio.
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Fig. S4. The variation of V¢ of all devices with different DTTC-4CIC9 contents.
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Fig. S5. (a) Water and (b) diiodomethane contact angle of PM6:BTP-BO-4Cl, PM6:BTP-BO-
4CL1:DTTC-4CIC9, and PM6:DTTC-4CIC9 blend films.
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Fig. S6. AFM phase images of PM6:BTP-BO-4Cl, PM6:BTP-BO-4Cl:DTTC-4CIC9, and
PM6:DTTC-4CIC9 blend films.
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Fig. S7. (a) The electron and (b) hole mobility of PM6:BTP-BO-4Cl, PM6:BTP-BO-
4CL:DTTC-4CIC9 and PM6:DTTC-4CIC9 blend films measured by SCLC method.
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Fig. S8. (a) Normalized absorption spectrum of neat BTP-BO-4Cl film and normalized PL
spectrum of neat DTTC-4CIC9 film, (b) PL spectra of PM6, PM6:BTP-BO-4Cl, PM6:BTP-
BO-4CL:DTTC-4CIC9, and PM6:DTTC-4CIC9 films excited at 580 nm, and (c) schematic of
the charge transfer process in the ternary blend.
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Fig. S9. Optical bandgap determination of (a) PM6:BTP-BO-4Cl, (b) PM6:BTP-BO-
4CL:DTTC-4CIC9, and (c) PM6:DTTC-4CIC9 blends. The region between dashed lines is the

part where the gap distribution probability is greater than half of the maximum, which is used
for the bandgap calculation.
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Fig. S10. Total energy loss (Ej,s) and different contributions to Ej.s in the binary and ternary
solar cells.

Table S1. Summary of photovoltaic parameters of the PM6:DTCC-4CIC9 based binary devices
fabricated under different conditions.

Ratio Voc [V] Jsc [mA cm?2] FF [%] Best PCE [%]
Device A 0.949 19.42 72.25 13.31
Device B 0.945 21.31 70.71 14.25
Device C 0.945 21.05 72.92 14.50
Device D 0.933 20.09 69.85 13.10
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Fabrication condition:

Device A: Donor concentration (Cp) is 7 mg/mL, spin-coating speed is 3000 rpm.
Device B: Cp is 8 mg/mL, spin-coating speed is 3000 rpm.

Device C: Cp is 8 mg/mL, spin-coating speed is 4000 rpm.

Device D: Cp is 9 mg/mL, spin-coating speed is 4000 rpm, annealing 100 °C for 10 min.

Table S2. Summary of photovoltaic parameters of the PM6:BTP-BO-4Cl:DTCC-4CIC9 based
devices with different ratio.

Ratio Voc Jsc Jsc? FF PCEY
[V] [mA cm?] [mAcem?]  [%] [%o]

1:1.2 0.850 26.54 25.77 75.86  17.11 (16.90 +0.14)
1:.02:0.18  0.864 27.12 26.01 7776 18.21(17.91+0.15)
1:0.9:0.3 0.871 26.75 25.73 76.40  17.80 (17.27 +0.27)
1:0.6:0.6 0.891 24.06 23.42 7527 16.14 (15.68 + 0.29)
1:0.3:0.9 0.905 23.09 22.71 7177 14.99 (14.60 + 0.32)

1:1.1 0.945 21.05 20.24 7292 14.50 (1434 +0.13)

%) Integrated Jgc calculated from EQE.
b Average values were obtained from over 10 individual devices.

Table S3. Surface energy characteristics of the PM6, BTP-BO-4Cl, DTCC-4CIC9, and BTP-
BO-4CI:DTTC-4CIC9 films and the related Flory—Huggins interaction parameters ().

WCA DCA y

Material ©) ©) (mN m1) Blend
PM6 104.1  50.2 36.21 PM6:BTP-BO-4Cl 0.25K
BTP-BO-4Cl 101.4  39.6 42.46 PM6:DTTC-4CIC9 1.13K
DTTC-4CIC9 107.2  36.8 50.02 BTP-BO-4CL:DTTC-4CIC9 0.31K

BTP-BO-4CL:DTTC-4CIC9 101.8  37.8 43.73 PM6:BTP-BO-4CL:DTTC-4CIC9  0.35K

Table S4. Surface energy characteristics of the PM6:BTP-BO-4Cl, PM6:BTP-BO-4Cl:DTTC-
4CIC9, and PM6:DTTC-4CIC9 blend films.

Blend film WCA (°) DCA (°) y (mN m)
PM6:BTP-BO-4Cl 107.6 50.3 37.25
PM6:BTP-BO-4Cl1: DTTC-4CIC9 115.6 49.7 41.12
PM6:DTTC-4CIC9 116.8 55.7 36.77
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Table SS. Crystal coherence lengths of the (010) peak and the d-spacing for the blend films.

. q d-spacing FWHM CCL

Active Layer
Y (A1) A) (A1) (nm)
PM6:BTP-BO-4Cl1 1.725 3.64 0.3911 1.61
PM6:BTP-BO-4CL:DTTC-4CIC9 1.741 3.61 0.3867 1.63
PM6:DTTC-4CIC9 1.703 3.69 0.4978 1.26

Table S6. Crystal coherence lengths of the (100) peak and the d-spacing for the blend films.

) q d-spacing FWHM CCL

Active Layer
Y (A1) A) (A1) (nm)
PM6:BTP-BO-4Cl1 0.297 21.16 0.1046 6.01
PM6:BTP-BO-4C1:DTTC-4CIC9 0.297 21.16 0.0986 6.37
PM6:DTTC-4CIC9 0.273 23.02 0.0868 7.24

Table S7. Summary of photovoltaic parameters of the recent reported ternary PSCs.

Voc Jsc FF Best PCE

Host blend Third component V] [mA cm?] (%] (%] Ref.
PM6:Y6 IDTT-M? 0.872 25.81 73.89 16.63 !
PM6:Y6 3TP3T-4F? 0.85+0.01 259+0.3 749 £ 1.0 16.7 2
PM6:Y6 IDTP-4F2 0.863 25.7 77.2 17.1 3
PM6:Y6 MOITIC® 0.882 25.6 75.7 17.1 4

PM6:BTP-4F-12 IT-M® 0.875 25.95 78.02 17.71 3
PBQx-TF:eC9-2Cl F-BTA3% 0.879 26.7 80.9 19.0 6
PM6:BTP-CIBrl ~ BTP-20-4CI-C12Y 0.891 25.45 75.8 17.19 7
PM6:Y6 BTIC-EH-2ThBr® 0.853 26.39 77.90 17.54 8
PM6:Y6 AQx-3Y 0.870 26.82 77.2 18.01 ?

S8



Host blend Third component F\(ﬁ [mA]Sch'z] [12/1:] Bes[z/ZCE Ref.

PM6:BO-4Cl BTP-S2 -9 0.861 27.14 78.04 18.16 10
PM6:BTP-eC9 BTP-F® 0.858 26.99 79.7 18.45 1
PM6:Y6 TPD-3F9 0.88+0.01 256+0.18 73.4+0.90 17.0 12
PM6:Y6 DRTB-T-C49 0.854 24.68 80.88 17.05 13
PM6:Y6 DRTB-T-C49 0.85 24.79 81.3 17.13 14
PM7:Y7 SiCI-BDTY 0.86+0.02 27.73+£032 70.43+3.0 17.40 15
PM6:Y6 S39 0.856 25.86 79.17 17.53 16
PM6:Y6 BTTzRY 0.87 26.2 77.7 17.7 17
PM6:BTP-eC9 BPR-SCI¥ 0.856 27.13 0.776 18.02 18
PM6:BTP-eC9 PB2FY 0.863 26.8 80.4 18.6 19
PM6:BTP-BO-4Cl BTP-T-3CI 0.857 27.38 77.73 18.21 20

PM6:BTP-BO-4Cl DTTC-4CIC9 0.864 27.12 77.76 18.21 ::::i

3 ITIC derivatives; ® BTP-series acceptors; © layer-by-layer device; 9 a second donor.
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