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Experimental section

Materials: BTR and Y6 were purchased from Solarmer Materials, Inc. BisPC71BM 

and PC71BM was purchased from Luminescence Technology Co. o-Dichlorobenzene 

(ODCB) was purchased from Sigma-Aldrich Co. MoO3 and Ag were purchased from 

Alfa Aesar Co. The BTR and the blend of Y6 and third component materials were 

dissolved in ODCB. The BTR:Y6 ratio was 1:1 (the total concentration was 20 mg mL-

1), and the bisPC71BM and PC71BM content was changed according to the 

measurement. The photoactive layer solution with the solvent additive of 1-

chloronaphthalene (CN) (0.5%, v/v). The ZnO solution was synthesized by a sol-gel 

method [1, 2].

Device Fabrication: The ITO glass substrates (10 Ω per square) are clean via 

sequential sonication in detergent, deionized water and ethanol and then blow-dried 

with high-purity nitrogen. Subsequently, a ZnO solution was spin-coated on ITO 

substrates at 2000 rounds per min (RPM) for 40 s and dried at 150 °C for 2 min in 

atmospheric air. Then, ZnO/ITO substrates are transfer into a high-purity nitrogen-

filled glove box. The photoactive solution was spin-coated onto the ZnO/ITO substrates 

at 1500 RPM for 40 s to prepare the photoactive layers, and thermally annealed at 120℃ 

for 5 min. Finally, the MoO3 layer and Ag electrode are deposit by thermal evaporation. 

The photoactive area, defined by the overlapping area of the ITO cathode and Ag anode, 

was approximately 9 mm2 (3◊3 mm).

    Device Measurement: AM 1.5G irradiation was provided by an XES-40S2 (SAN-

EI ELECTRIC Co., Ltd) solar simulator (AAA grade, 5.0×5.0 cm2 photobeam size) 



with a light intensity of 100 mW cm-2. The current density-voltage (J-V) curves of all 

the OSCs were measured by a Keithley 2400 unit in a high-purity nitrogen-filled glove 

box. The absorption spectra of the films are measure with a Shimadzu UV-3101 PC 

spectrometer.

The RS and RSH are calculate according to the below expressions [3, 4]:
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The J-V curves under I = 0 and V = 0 are defined as the RS and RSH value. When RS = 0 

and RSH → ∞, which is corresponding to the FF = 1.

The crystallinity is related by Bragg’s law [5, 6]:
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where  is the wavelength of X-ray radiation (0.154 nm),  is the peak position half 

angle and d is the inter-planer distance. The angles at which the peak intensities occur 

are related to the donor and acceptor molecule inter-planar distances of the thin films.

Table S1. The dependence of the VOC, LUMO levels, energy bandgap and energy loss 

on the ratio of Y6:bisPC71BM and Y6:PC71BM. 

Y6:
bisPC71BM

VOC

(V)
ELUMO

(eV)
EHOMO

(eV)
Eg

(eV)
Eloss

(eV)
1:0 0.860 -4.100 -5.650 1.240 0.380

1:0.1 0.888 -4.038 -5.639 1.302 0.414
1:0.15 0.899 -4.010 -5.634 1.330 0.430
1:0.2 0.916 -3.984 -5.629 1.356 0.440
1:0.25 0.923 -3.959 -5.625 1.381 0.458
1:0.3 0.938 -3.935 -5.621 1.405 0.467
0:1 1.040 -3.700 -5.460 1.640 0.600



Y6:
PC71BM

VOC

(V)
ELUMO

(eV)
EHOMO

(eV)
Eg

(eV)
Eloss

(eV)
1:0 0.860 -4.100 -5.650 1.240 0.380

1:0.1 0.870 -4.088 -5.660 1.252 0.382
1:0.15 0.880 -4.077 -5.664 1.263 0.383
1:0.2 0.888 -4.067 -5.669 1.273 0.385
1:0.25 0.895 -4.058 -5.673 1.282 0.387
1:0.3 0.901 -4.050 -5.677 1.290 0.389
0:1 0.940 -3.980 -5.870 1.360 0.420

Table S2. Summary of the molecular weight, n, l, and Ne values of Y6, bisPC71BM and 

PC71BM.

Electron
Acceptor

Molecular 
Weight (g mol-1)

n
(mol g-1)

l Ne

(mol g-1)
ELUMO

(eV)
Y6 1451 4.151020 1 4.151020 -4.10

bisPC71BM 887 6.791020 1 6.791020 -3.70
PC71BM 680 8.851020 1 8.851020 -3.98

0.0 0.2 0.4 0.6 0.8

-20

-15

-10

-5

0

5

C
ur

re
nt

 D
en

sit
y 

(m
A

 cm
-2

)

Voltage (V)

 100 mW cm-2   80 mW cm-2

   60 mW cm-2   45 mW cm-2

   30 mW cm-2   20 mW cm-2

   10 mW cm-2     5 mW cm-2

a

0.0 0.2 0.4 0.6 0.8

-20

-15

-10

-5

0

5
 100 mW cm-2   80 mW cm-2

   60 mW cm-2   45 mW cm-2

   30 mW cm-2   20 mW cm-2

   10 mW cm-2     5 mW cm-2

b

C
ur

re
nt

 D
en

sit
y 

(m
A

 cm
-2

)

Voltage (V)

0.0 0.2 0.4 0.6 0.8

-20

-15

-10

-5

0

5
 100 mW cm-2   80 mW cm-2

   60 mW cm-2   45 mW cm-2

   30 mW cm-2   20 mW cm-2

   10 mW cm-2     5 mW cm-2

c

C
ur

re
nt

 D
en

sit
y 

(m
A

 cm
-2

)

Voltage (V)

Figure S1. Dependence of the J-V characteristics on different light intensities (from 



100 mW cm-2 to 5 mW cm-2) for the BTR:Y6 binary PSCs, BTR:Y6:bisPC71BM and 

BTR:Y6:PC71BM-based optimized ternary PSC, corresponding to Figure S1(a), S1(b) 

and S1(c), respectively.
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Figure S2. The dark current density of the BTR:Y6 binary PSCs, BTR:Y6:bisPC71BM 

and BTR:Y6:PC71BM optimized ternary PSCs.
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Figure S3. The XRD curves of the BTR:Y6 binary films, BTR:Y6:bisPC71BM and 

BTR:Y6:PC71BM optimized ternary film.



Figure S4. AFM images of the BTR:Y6 binary films, BTR:Y6:bisPC71BM and 

BTR:Y6:PC71BM optimized ternary film (a, b, c respectively).
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