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Fig. S1. J-V characteristic plots for DT based devices (left: PHJ devices, right: BHJ devices).



PCE/% J/mAlem’ Voo!V  FF RA/Qem’ RA/Qcm’
DT 10 nm 1.32 6.58 0.67 030  6021.19 3.00
DT 20 nm 0.54 2.85 071 027 48821 3.77
DT 30 nm 1.17 453 0.79 033 596x10° 14.16
DT:Cqo 1:150nm  0.60 3.29 081 023  449¢10° 143.30
DT:Cr 1:450nm  4.13 9.89 086 048  444x10 5.29

Table S1. OPV device performances for DT based devices.
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Fig. S2. J-V characteristic plots for BT based devices (left: PHJ devices, right: BHJ devices).

PCE % J/mAlem’ Vo.!V FF RA/Qem’ RA/Qcm’
BT 10 nm 2.69 5.61 094 051  309%10’ 230
BT 20 nm 2.15 5.40 096 041  cas¢10 551
BT 30 nm 0.66 3.57 095 019 12 14x10’ 315.62
BT:Cy1:150nm 035 2.03 086 020 4 1ax10’ 367.49
BT:Cy1:450nm 2.8l 8.60 094 035  1253%10 13.36

Table S2. OPV device performances for BT based devices.
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Fig. S3. J-V characteristic plots for NP based devices (left: PHJ devices, right: BHJ devices).

PCE/% J/mAlem’ Voo!V  FF  RA/Qem’ RA/Qcm’

NP 10 nm 2.56 5.62 092 050 73910 3.56
NP 20 nm 2.16 6.04 091 039  g71x10] 20.62
NP 30 nm 1.36 5.46 088 028 45710 218.41

NP:Cy 1:150nm  0.13 1.10 077 016 45710 1301.53

NP:Cy 1:450nm 3.1 8.99 093 037  394x10 7.92

Table S3. OPV device performance for NP based devices.

Fig. S4. AFM images of a) NP, b) BT and c) DT films. The film thickness is 10 nm and scope range
is 1000 nmx1000 nm.
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Fig. S5. IPCE data for PHJ devices (active layer thickness: 10 nm) and BHJ devices (donor:C;=1:4)
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Fig. S6. X-ray diffraction spectra for Cyo, NP:C79=1:4, DT:C;0=1:4 blended thin film on the ITO. (Inset:
enlarged spectra range from 20=20 to 25). Measuring condition: detector, LYNXEYE XE (OD mode);
generator: 40 kV, 40 mA; 26 range: 10-70 degree; step: 0.02; scan speed: 0.5 sec/step; wavelength
(\): Cu Kal - 1.5418 A,
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Fig. S7. TGA data for DT. N, 10 K/min.
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Fig. S8. TGA data for NP. N,, 10 K/min.
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Fig. S9. TGA data for BT. Ny, 10 K/min.
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Fig. S10. CV data for BT, DT and NP.
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