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Fig. S1. TGA curves of BTTCTT-ICF.

Fig. S2. UV-vis absorption spectra of BTTCTT-ICF in thin film before and after annealing 

at 200 °C.



Fig. S3. UV-vis absorption spectra of PM6: BTTCTT-ICF blend film before and after 

thermal annealing at 200 °C.

Fig. S4. Cyclic voltammograms of BTTCTT-ICF in thin film.



Fig. S5. (a) J-V characteristics and (b) EQE spectra of the OSCs based on PM6: BTTCTT-

ICF with conventional structures under illumination of an AM 1.5 G at 100 mW cm-2.

Fig. S6. The normalized PCEs for the devices based on PM6: BTTCTT-ICF blend films 

after thermal annealing at 200 °C for different time.



Fig. S7. J-V curves and SCLC fittings of hole-only devices for (a) as-cast and (b) thermal 

annealed PM6: BTTCTT-ICF blend films; electron-only devices for (c) as-cast and (d) 

thermal annealed PM6: BTTCTT-ICF blend films.

Fig. S8. (a) Jsc versus light intensity, (b) Voc versus light intensity and (c) Photocurrent 

versus effective voltage of OSCs based on PM6: BTTCTT-ICF with inverted device 

structure.



Fig. S9. 1H NMR of compound 2.

Fig. S10. 13C NMR of compound 2.



Fig. S11. 1H NMR of compound 3.

Fig. S12. 13C NMR of compound 3.



Fig. S13. 1H NMR of compound 4.

Fig. S14. 13C NMR of compound 4.



Fig. S15. 1H NMR of BTTCTT.

Fig. S16. 13C NMR of BTTCTT.



Fig. S17. 1H NMR of BTTCTT-CHO.

Fig. S18. 13C NMR of BTTCTT-CHO.



Fig. S19. 1H NMR of BTTCTT-ICF.

Fig. S20. 13C NMR of BTTCTT-ICF.



Table S1. Optical and electrochemical data of BTTCTT-ICF.

UV (λmax [nm])
Acceptor

Solution Film

εmax
a

[M−1 

cm−1]

Eg 
opt b

[eV]
HOMOc

[eV]
LUMOc

[eV]
Eg

ec d

[eV]

BTTCTT-
ICF 683 711 3.6×105 1.54 -5.64 -4.08 1.56

a. Molar extinction coefficient at λmax in solution.
b. Optical bandgaps calculated from the absorption edge of thin film.
c. HOMO/LUMO energy level estimated from the onset of oxidation potential and reduction potential 
by CV measurement, respectively.
d. Electrochemical bandgaps calculated from HOMO/LUMO energy levels.

Table S2. The photovoltaic performance of the devices based on PM6: BTTCTT-ICF 

with different solvent (D/A = 1:1).

Solvent Voc

[V]
Jsc

 [mA cm-2]
FF
[%]

PCE
[%]

o-DCB 0.88 11.58 44.08 4.49

CB 0.8 14.45 47.65 5.51

CF 0.91 15.75 45.06 6.46

Table S3. The photovoltaic performance of the devices based on PM6: BTTCTT-ICF 

with different donor/acceptor (D/A) ratio (The solvent is CF).

D/A Voc

[V]
Jsc

 [mA cm-2]
FF
[%]

PCE
[%]

1:1 0.91 15.75 45.06 6.46

1:1.2 0.91 15.99 48.59 7.07

1:1.5 0.92 14.89 52.30 7.16

1:1.8 0.91 14.37 50.66 6.63



Table S4. The photovoltaic performance of the devices based on PM6: BTTCTT-ICF at 

different thermal annealing temperature (The solvent is CF, D/A = 1:1.5).

Thermal 
annealing 

temperature
[°C]

Voc

[V]
Jsc

 [mA cm-2]
FF
[%]

PCE
[%]

-- 0.92 14.89 52.30 7.16

80 0.92 15.05 54.30 7.52

120 0.91 15.08 54.81 7.52

160 0.91 14.45 58.72 7.73

200 0.89 15.41 58.64 7.98

240 0.85 14.30 51.45 6.25

Table S5. The photovoltaic performance of the devices based on PM6: BTTCTT-ICF 

with different device structures.

Active layer Voc

[V]
Jsc

 [mA cm-2]
FF
[%]

PCE
[%]

as-cast a 0.92 14.89 52.30 7.16

thermal annealing a, c 0.89 15.41 58.64 7.98

as-cast b 0.93 15.65 63.53 9.25

thermal annealing b, c 0.91 16.77 68.08 10.39
a. Conventional device structure: ITO/PEDOT: PSS/active layer/PDINO/Al.
b. Inverted device structure: ITO/ZnO/active layer/MoO3/Ag.
c. Thermal annealing at 200 °C for 10 min.



Table S6. The photovoltaic performance of the devices based on PM6: BTTCTT-ICF 

with different additive contents in inverted structures (The solvent is CF, D/A = 1:1.5, 

200 °C thermal annealing).

Additive contents Voc

[V]
Jsc

 [mA cm-2]
FF
[%]

PCE
[%]

none 0.91 16.77 68.08 10.39

0.1% DIO 0.91 16.53 68.04 10.23

0.3% DIO 0.9 16.35 68.25 10.04

0.5% DIO 0.87 16.75 67.82 9.88

0.1% CN 0.9 16.55 69.57 10.36

0.3% CN 0.89 16.80 66.30 9.91

0.5% CN 0.9 16.34 66.44 9.77

Table S7. Summarized photovoltaic performance of the devices based on star-shaped 

FREAs.

Acceptor Donor Voc

[V]
Jsc

[mA cm-2]
FF
[%]

PCE
[%] Ref.

Tr(Hex)6-3BR PTB7-Th 1.02 5.92 33.4 2.10 1

Para-TrBRCN PTB7-Th 0.95 13.75 63.5 8.29 2

Meta-TrBRCN PTB7-Th 0.94 16.75 64.5 10.15 2

TrBTIC P3HT 0.88 13.04 71.9 8.25 3

TITT-3IC PTB7-Th 0.80 10.32 46.86 3.87 4

TITT-3ICF PTB7-Th 0.68 12.64 49.62 4.26 4

BTCDT-IC J61 0.92 9.75 59.0 5.30 5

BTCDT-ICF J61 0.73 16.93 65.6 8.11 5

FBTIC PM6 0.947 14.1 75.4 10.1 6

TF1 PBDB-T 0.91 15.9 69 10 7

TF2 PBDB-T 0.90 15.4 68 9.4 7

BTTCTT-ICF PM6 0.91 16.77 68.08 10.39 This work



Table S8. The photovoltaic performance of the devices based on PM6: BTTCTT-ICF 

after thermal annealing at 200 °C for different time.

Thermal annealing 
time
[min]

Voc

[V]
Jsc

 [mA cm-2]
FF
[%]

PCE
[%]

10 0.91 16.77 68.08 10.39

20 0.9 16.98 65.71 10.04

30 0.89 17.13 64.87 9.89

45 0.88 17.07 62.84 9.44

60 0.87 17.52 60.97 9.29

120 0.86 17.96 58.61 9.05

180 0.86 17.86 58.44 8.98

360 0.85 17.53 54.38 8.10

720 0.85 17.73 53.30 8.03

Table S9. The hole mobility (μh) and electron mobility (μe) of PM6: BTTCTT-ICF as-cast 

and thermal annealed blend films.

μe [cm2 V-1 s-1] μh [cm2 V-1 s-1] μh/μe

as-cast 3.57×10-6 1.90×10-4 53.2

thermal annealing 1.59×10-5 2.80×10-4 17.6
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