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Experimental section

The patterned indium tin oxide (ITO) substrates with a sheet resistance of 15 Ω sq− 1 were 

pre-cleaned by sequential ultrasonic treatment in detergent, deionized water and ethanol, 

respectively. The cleaned ITO substrates were further dried by high purity nitrogen and 

treated by oxygen plasma for 1 min to improve its work function and clearance. Poly(3,4-

ethylenedioxythiophene):poly (styrene sulfonate) (PEDOT:PSS, clevios PVP Al 4083, 

purchased from H.C. Starck Co., Ltd.) solution was then spin-coated on the ITO substrates at 

5000 RPM for 40 s and baked at 120℃ for 15 min in air. The small molecules of DRCN5T 

and BTR were purchased from 1-material Inc. and fullerene derivative PC71BM was 

purchased from Solarmer Materials Inc. The conjugated polyelectrolyte poly [(9,9-bis(3-

(N,N-dimethylamino)-propyl)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene)] (PFN) purchased 

from Organtec Materials Inc. All these materials were used as received. The 

DRCN5T:PC71BM and BTR:PC71BM with 1:0.8 weight ratio were dissolved in CHCl3 to 

prepare 18 mg/mL binary blend solutions, respectively. After heated and stirred at 40℃ for 

12 h, the binary blend solutions were mixed by different volume ratios to obtain ternary blend 

solutions of DRCN5T1-x:BTRx:PC71BM0.8 (x=0, 0.5, 1.0, 1.5, 2.0, 5.0 wt%, x represents BTR 

amount in donors). PFN was dissolved in methanol with addition of 0.25 vol% acetic acid to 

prepare 0.2 mg/mL solution. All blend solutions were continuously heated and stirred at 40℃ 

for at least 12 h before spin-coating the active layers. Subsequently, the prepared binary or 

ternary blend solutions were spin-coated on PEDOT:PSS modified ITO substrates at 1200 

RPM for 40 s in high-purity nitrogen-filled glove box. The prepared active layers were 

suffered from different post-treatments: i) thermal annealing at 120℃ for 10 min with active 

layer upward (TA), ii) thermal annealing at 120℃ for 10 min with active layer up-side-down 

(DTA), iii) CHCl3 solvent vapor annealing with active layer up-side-down (DSVA). 

Afterwards, a PFN cathode interlayer was spin-coated onto active layers at 3000 RPM for 40 
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s. Finally, 100 nm Al was deposited by thermal evaporation with a shadow mask. The 

effective area of cell is ~3.8 mm2, which is defined by the vertical overlap of ITO and Al 

electrodes. 

The current-voltage (I-V) curves of the SMSCs were measured in dark and under light 

illumination using a Keithley 2400 source meter in high-purity nitrogen-filled glove box. The 

AM 1.5G illumination was provided by a XES-40S2-CE (SAN-EI Electric Co., Ltd.) solar 

simulator (AAA class, 40×40 mm2 effective irradiated area) with light intensity of 100 

mW/cm2. The light intensity was determined by standard silicon solar cells purchased from 

Zolix INSTRUMENTS CO., LTD. calibrated by National Institute of Metrology, China. The 

EQE spectra of the SMSCs were measured by a Zolix Solar Cell Scan 100. The thickness of 

both binary and ternary blend films was ~120 nm measured by an Ambios Technology XP -2 

stylus Profiler. The absorption spectra of films were obtained by a Shimadzu UV-3101PC 

spectrometer. The PL spectra of films were measured by a HORIBA Fluorologs-3 

spectrofluorometer system. The TRPL spectra were measured by using a FluoroCube-01-NL 

purchased from HORIBA Jobin Yvon. The excitation light for TRTPL was provided by a 

NanoLED-460 (HORIBA Scientific). The pulse width of NanoLED-460 is <1.3 ns and the 

typical power is 7 pJ/pulse. The fluorescence lifetime was calculated by DAS6 decay analysis 

software with Foundation Pack (including 1 to 5 exponentials) and DAS6-8 Anisotropy. The 

fluorescence lifetime can be obtained according to , where,  is the 𝐼(𝑡) = 𝐼0𝑒𝑥𝑝( ‒ 𝑡/𝜏) 𝐼(𝑡)

fluorescence intensity at time t,  is the fluorescence intensity at time t=0,  is the  𝐼0 𝜏

fluorescence lifetime. As the complexity and diversity of actual sample, the lifetime generally 

be given by multi exponential decay equation, , where is pre-
𝐼(𝑡) = ∑

𝑖

𝑎𝑖𝑒𝑥𝑝( ‒
𝑡
𝜏𝑖

)  𝑎𝑖

exponential factor of item i. In order to remove the effect of instrument response on the 

measurement results, colloidal SiO2 astigmatism (Ludox) was used as a virtual sample for the 
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calibration. In this work, the fluorescence lifetime was the averaged lifetime obtained from a 

three-exponential fit. The decay model is given by: 

, A is value for the background and B 
𝐹(𝑡) = 𝐴 + 𝐵1𝑒𝑥𝑝( ‒ 𝑡

𝜏1
) + 𝐵2𝑒𝑥𝑝( ‒ 𝑡

𝜏2
) + 𝐵3𝑒𝑥𝑝( ‒ 𝑡

𝜏3
)

are the values for amplitude fit parameters. For a good fit χ2 value should be near to 1.0 (<1.2 

is usually ok provided the residuals are random). The XPS and UPS data were measured by 

an ultrahigh vacuum system (10−9 Pa) with a hemispherical electron analyzer, a twin anode X-

ray gun, and a He discharge lamp. The GIXD data were obtained at 1W1A, Beijing 

Synchrotron Radiation Facility (BSRF). A bent-triangle silicon crystal was used to select the 

X-rays of a 1.5476 Å wavelength and an optimal grazing angle of 0.4° was selected to 

maximum the diffraction peak intensity from the samples. The TEM images were obtained by 

a JEOL JEM-1400 transmission electron microscope operated at 80 kV. 

Fig. S1 2D-GIXD patterns of binary blend films with different post-treatments.
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Fig. S2 The XPS of the DRCN5T:PC71BM blend films without any treatment or with DTA 

and DSVA treatments.
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Calculation of the surface compositions  

The mole number ratio of PC71BM (C82H14O2) to DRCN5T (C70H86N6S7O2) can be 

calculated by using the following formula: 

                   (1)

𝑛𝐶

𝑛𝑆
=  

82 × 𝑛𝑃𝐶71𝐵𝑀 + 70 × 𝑛𝐷𝑅𝐶𝑁5𝑇

7 × 𝑛𝐷𝑅𝐶𝑁5𝑇

Where,  and  are mole number of PC71BM and DRCN5T. The weight ratio 
𝑛𝑃𝐶71𝐵𝑀 𝑛𝐷𝑅𝐶𝑁5𝑇

of PC71BM to DRCN5T can be determined by using the following formula:

                  (2)

𝑊𝑃𝐶71𝐵𝑀

𝑊𝐷𝑅𝐶𝑁5𝑇 
=  

𝑛𝑃𝐶71𝐵𝑀 × 𝑀𝑃𝐶71𝐵𝑀

𝑛𝐷𝑅𝐶𝑁5𝑇 × 𝑀𝐷𝑅𝐶𝑁5𝑇

Where,  and  are the molar mass of PC71BM and DRCN5T.
𝑀𝑃𝐶71𝐵𝑀 𝑀𝐷𝑅𝐶𝑁5𝑇
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Fig. S3 The UPS spectra of neat DRCN5T and BTR films spin-coated on ITO substrates.

Table S1 The energy parameters of DRCN5T and BTR, abstracted from the UPS spectra of 

neat DRCN5T and BTR films.

Materials hν
[eV]

Ecutoff
[eV]

Eoneset
[eV]

EHOMO
[eV]

ELUMO
[eV]

DRCN5T 36.31 5.12 31.11 5.32 3.77

BTR 36.45 5.18 31.25 5.38 3.61
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Fig. S4 Calibration report of PCE for the optimized DRCN5T:BTR:PC71BM-based ternary 

SMSCs tested in National Institute of Metrology, China.
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Fig. S5 Calibration report of effective area tested in National Institute of Metrology, China.
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Fig. S6 The thickness of BTR:PC71BM blend film.

Fig. S7 The thickness of the optimized DRCN5T:PC71BM blend film (a), the optimized 

ternary blend film (b).

Fig. S8 2D-GIXD patterns of neat DRCN5T, BTR films and the blend films with different 

amount of BTR.
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Fig. S9 The in-plane line-cut of neat BTR film.
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Fig. S10 PL spectra of DRCN5T:BTR blend solutions (5 mg/mL) with different amount of 

BTR.
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Fig. S11 J-V curves of cells with DRCN5T:BTR as active layers (without PC71BM) under 

AM 1.5G illumination (100 mW cm-2).


