


Fabrication and characterization of BHJ polymer solar cells

All the polymer solar cell devices were fabricated with the device configuration of
glass/ITO/PEDOT:PSS/polymer:PC;BM/LiF/Al. The conductivity of ITO is 15 Q/[], and
PEDOT:PSS is Baytron Al 4083 from H.C. Starck. ITO-coated glass substrates were
ultrasonically cleaned sequentially in detergent, water, acetone, and iso-propanol. The substrates
were covered by a 30 nm layer of PEDOT: PSS by spin coating. After annealing in air at 140 °C
for 10 min, the samples were cooled to room temperature. The substrates were then transferred
into a nitrogen-filled glove box. The polymers and PC;;BM were dissolved at a 1:2 weight ratio
in DCB with 2% (v/v) of DIO. The solutions were then heated at 90 °C and stirred overnight.
The photoactive layer was then spin coated onto the PEDOT:PSS layer at 1500-2000 rmp. The
top electrode was thermally evaporated, with a 0.6 nm LiF layer, followed by 80 nm of
aluminum at a pressure of 107 Torr through a shadow mask. Six cells were fabricated on one
substrate and the effective area of every cell is 4 mm?. The measurement of devices was
conducted in the glove box. Current—voltage characteristics were recorded using a Keithley 2400
Source Meter under AM 1.5 illumination with an intensity of 100 mW/cm? from a solar
simulator (Model SS-50A, photo Emission Tech., Inc.). The J—V curves were recorded at the
temperature of about 20 °C. The external quantum efficiency (EQE) spectra were characterized
using a Keithley 485 picoammeter under illumination of monochromatic light through the ITO

side of devices.
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Figure S1. DSC curve of P1-3 with a scanning rate of 10 °C/min.

Table S1. Summary of XRD data of powdery samples (P1-3)
Sample 20(°) d-spacing (A)
P1 431 854 12.16 19.54 2547 20.45 1035 7.27 454 3.49
P2 425 822 12.23 19.68 23.60 20.75 10.75 6.65 4.50 3.61
P3 439 8.65 12.66 19.61 25.62 20.11 10.22 6.99 4.52 347
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Figure S2. X-ray diffraction patterns of powdery P1-3 samples.
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Figure S3. Output and transfer characteristics of P1 (g, h), P2 (i, j), and P3 (k, 1) devices of the spin-
coated film of the blend of P1-3:PC;;BM in DCB with 2% DIO (by volume) transistors based on
OTS-modified Si/SiO, substrate. Hole mobilities are 7.00 x 104, 2.37 x 103, and 2.90 x 10*

cm?V~Is7! for P1, P2, and P3, respectively.
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Table S2. OFET Device Performances of polymers P1, P2, and P3.

i (cm?V-lg )« Lon/ofr time (min) annealing temperature (°C)
P1 6.06x10* (4.95x10%) >103 30 160
P1:PC; BM 7.00x104 (5.75x10%) ~102 30 160
P2 1.28x1073 (1.24x10%) >103 30 160
P2:PC; BM 2.37x1073 (1.34x103) >10? 30 160
P3 1.94x104 (1.37x10%) >103 30 160
P3:PC;,BM 2.90x104 (2.52x10%) >10? 30 160

@« Maximum value of hole mobilities after annealing at 160 °C for 30 min and average mobilities
are shown in parentheses for more than 3 or 3 devices are tested for each polymer with or

without PC;;BM.

S6



Table S3. OPV Performances of P1

active layer solvent Jye (mAcm2) Voo (V) FF PCE (%)

P1:PC7BM (1:1) DCB 5.85 0.77 0.40 1.80
DCB 5.69 0.77 0.39 1.71

DCB 5.61 0.75 0.39 1.66

P1:PC;BM (1:1) DCB 5.59 0.76 0.40 1.70
DCB 4.89 0.72 0.40 1.44

DCB 5.51 0.72 0.39 1.53

P1:PC;BM (1:1) DCB 5.77 0.75 0.40 1.73
DCB 5.39 0.74 0.40 1.59

P1:PC;BM (1:2) DCB 7.58 0.79 0.44 2.62
7.52 0.78 0.42 2.50

P1:PC7BM (1:2) DCB 7.40 0.78 0.44 2.59
7.75 0.79 0.44 2.74

P1:PC;BM (1:2) DCB 7.64 0.79 0.45 2.71
7.61 0.78 0.45 2.70

7.89 0.78 0.45 2.75

P1:PC;BM (1:2) DCB+ 2% DIO 5.36 0.77 0.48 1.99
5.05 0.76 0.48 1.85

P1:PC7BM (1:2) DCB+ 2% DIO 5.03 0.76 0.51 1.97
5.12 0.75 0.51 1.96

P1:PC;BM (1:2) DCB+ 2% DIO 4.79 0.76 0.50 1.83
4.76 0.75 0.50 1.80
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Table S4. OPV Performances of P2

active layer solvent Jse (mAcm?) Voe (V) FF PCE (%)
P2:PC;BM (1:1) DCB 5.33 0.84 0.36 1.63
5.44 0.82 0.37 1.63
5.46 0.80 0.37 1.63
P2:PC;BM (1:1) DCB 5.43 0.85 0.38 1.75
5.36 0.84 0.38 1.69
P2:PC; BM (1:1) DCB 5.48 0.80 0.38 1.66
5.38 0.78 0.38 1.62
P2:PC;BM (1:2) DCB 5.79 0.83 0.47 2.25
5.64 0.82 0.47 2.18
5.66 0.80 0.46 2.07
P2:PC;BM (1:2) DCB 5.82 0.82 0.46 221
5.56 0.81 0.47 2.13
5.49 0.81 0.46 2.05
5.55 0.80 0.46 2.04
P2:PC7BM (1:2) DCB+ 2% DIO 6.70 0.84 0.54 3.01
7.57 0.85 0.53 3.41
7.02 0.84 0.54 3.18
P2:PC;BM (1:2) DCB+ 2% DIO 6.60 0.84 0.54 3.02
7.33 0.85 0.54 3.38
P2:PC;BM (1:2) DCB-+ 2% DIO 6.41 0.84 0.52 2.83
7.13 0.83 0.51 3.06
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Table S5. OPV Performances of P3

active layer solvent Jy. (mAcm2) Voe (V) FF PCE (%)
P3:PC7BM (1:1) DCB 3.87 0.90 0.37 1.30
4.10 0.87 0.42 1.48
4.18 0.89 0.38 1.42
P3:PC;BM (1:1) DCB 4.03 0.88 0.39 1.39
4.06 0.87 0.40 1.40
4.07 0.86 0.39 1.37
P3:PC;BM (1:1) DCB 4.04 0.89 0.38 1.37
4.01 0.90 0.38 1.38
3.83 0.89 0.37 1.26
P3:PC7BM (1:2) DCB 7.07 0.93 0.42 2.75
7.09 0.90 0.43 2.75
7.06 0.90 0.42 2.69
P3:PC;BM (1:2) DCB 6.76 0.83 0.43 2.39
7.18 0.89 0.42 2.68
7.07 0.86 0.42 2.57
P3:PC7BM (1:2) DCB 7.02 0.92 0.43 2.79
6.96 0.94 0.41 2.70
6.80 0.84 0.40 2.53
P3:PC7BM (1:2) DCB+ 2% DIO 2.99 0.82 0.53 1.29
2.89 0.80 0.52 1.21
P3:PC7BM (1:2) DCB+ 2% DIO 3.63 0.76 0.53 1.47
3.63 0.75 0.54 1.49
P3:PC7BM (1:2) DCB+ 2% DIO 3.58 0.78 0.54 1.50
3.50 0.76 0.54 1.45
P3:PC7BM (1:2) DCB+ 2% DIO 3.33 0.80 0.53 1.43
3.27 0.79 0.54 1.39
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Figure S4. Graphical representation of photovoltaic performance of P1-3.
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