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Figure S1. a) J–V curves of ternary organic solar cells with different weight ratios of 
PDT2FBT-ID under AM 1.5 G illumination (100 mW cm−2). b) The corresponding EQE 
spectra of ternary organic solar cells.

Figure S2. The photoluminescence properties of a) Referenced neat PTB7-Th films obtained 
from CB solution with different concentration. b) PTB7-Th/PDT2FBT-ID blend films 
obtained from CB solution with different doping ratio of PDT2FBT-ID, and the total 
concentration of PTB7-Th/PDT2FBT-ID is 8 mg/ml.
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Figure S3. Photocurrent density (Jph) versus effective voltage (Veff).

Figure S4. SCLC measured J1/2－V-Vbi curves under dark condition for ternary active layers 
with different weight ratios of PDT2FBT-ID in CB solution, a) hole-only devices and b) 
electron-only devices.

Figure S5. Hole and electron mobility of PDT2FBT-ID/PC71BM blend films from chloroform 
solution.
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Table S1. Photovoltaic parameters of PTB7-Th:PC71BM binary and PTB7-Th: PDT2FBT-
ID:PC71BM ternary organic solar cells with different D:A ratios under AM 1.5G illumination 
(100 mW/cm2). Remarkably, the ternary devices shown good stability. The best PCEs could 
maintain 85%-90% in atmosphere environment without encapsulation after three days.

PTB7-Th: 
PDT2FBT-
ID:PC71BM

Jsc

[mA cm–2]
Voc

[V]
FF
[%]

PCEmax 
(PCEave)a)

[%]

100:0:100 16.69 0.792 61.73 9.07 (9.02)
100:0:130 17.04 0.783 68.28 10.12 (10.0)
100:0:150 16.48 0.789 71.52 10.32 (10.18)
100:0:170 16.1 0.778 70.79 9.86 (9.80)
80:20:100 16.83 0.775 74.20 10.75 (10.67)
80:20:120 16.74 0.765 74.97 10.77 (10.69)
80:20:130 17.20 0.762 74.07 10.76 (10.66)
80:20:140 16.65 0.750 72.48 10.61 (10.46)
80:20:150 16.88 0.756 73.82 10.43 (10.31)
80:20:170 15.94 0.753 75.63 10.08 (10.00)

a) The average PCE is obtained from over 4-8 devices.

Table S2. Mobility parameters of ternary organic solar cells with different weight ratios of 
PDT2FBT-ID.

0% 5% 10% 20% 30% 40% 100%

μh(cm2 

V-1 s-1)
4.78×10-4 8.22×10-4 8.18×10-4 1.05×10-3 9.38×10-4 6.97×10-4 1.09×10-4 

μe(cm2 

V-1 s-1)
3.35×10-4 4.00×10-4 4.43×10-4 7.99×10-4 9.52×10-4 6.00×10-3 1.36×10-5
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Figure S6. AFM topography images and phase images obtained in tapping mode of PTB7-
Th:PDT2FBT-ID:PC71BM blend films with various weight ratio of PDT2FBT-ID.
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Figure S7. Fitting peaks of RSoXS with different weight ratios of PDT2FBT-ID.
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Figure S8. An example of Gaussian fitting for out-of-plane cut. The π-π stacking distance and 
the FWHM of the π-π stacking peak (010) were obtained from the fitting. 

Figure S9. I-V curve and Power-V curve for certification.
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Figure S10. Detail information of certification.


