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Materials 

All chemicals and solvents were reagent grades and purchased from Alfa Aesar and 

TCI. PBDB-T (Mn=30.9 kDa, PDI=2.36),1 PM6 (Mn=40.8 kDa, PDI=2.04),2 PM7 

(Mn=31.7 kDa, PDI=2.21),3 and IDT6CN-M4 were synthesized according to the 

procedure reported in the literatures. 

Experimental Section 

Measurements: The molecular weights of polymers were measured by high 

temperature gel permeation chromatography (GPC) using monodispersed polystyrene 

as the standard and 1,2,4-trichlorobenzene as the eluent at 160 °C. UV-vis absorption 

spectra were taken on an Agilent Technologies Cary Series UV-Vis-NIR 

Spectrophotometer. Photoluminescence (PL) spectra were taken on an Edinburgh 

Instrument FLS 980. A set of samples were analysed on the Thermo Scientific 

ESCALab 250Xi using UPS. The gas discharge lamp was used for UPS, with helium 

gas admitted and the HeI (21.22 eV) emission line employed. The helium pressure in 

the analysis chamber during analysis was about 2 × 10–8 mbar. Atomic force 

microscopy (AFM) measurements were performed on a Dimension 3100 (Veeco) 

Atomic Force Microscope in the tapping mode. The GIWAXS measurement were 

carried out with a Xeuss 2.0 SAXS/WAXS laboratory beamline using a Cu X-ray 

source (8.05 keV, 1.54 Å) and a Pilatus3R 300K detector. The incidence angle is 

0.2°.5 The samples for GIWAXS measurements are fabricated on silicon substrates 

using the same recipe for the devices. The silicon substrates were cleaned stepwise 

with DI water, acetone, and isopropanol in ultrasonic cleaner for 20 min and then 



treated with oxygen plasma before use. The crystal coherence length (CCL) was 

defined as CCL = 0.9 × (2π/FWHM) (Å), where FWHM is the full width at half 

maximum of the corresponding diffraction peak.  

Fabrication and characterization of polymer solar cells. Polymer solar cells with a 

device structure of ITO/PEDOT:PSS/polymer:IDT6CN-M/PNDIT-F3N-Br/Al were 

fabricated under conditions as follows: the patterned ITO-coated glass was scrubbed 

by detergent and then cleaned inside an ultrasonic bath by using deionized water, 

acetone, and isopropyl alcohol sequentially and dried overnight in an oven. Before use, 

the glass substrates were treated in a UV-Ozone Cleaner for 20 min to improve its 

work function and clearance. A thin PEDOT:PSS (Heraeus Clevis P VP A 4083) layer 

(40 nm) was spin-coats onto the ITO substrates and then dried at 150 °C for 15 min in 

air. The PEDOT:PSS coated ITO substrates were fast transferred to a N2 filled 

glove-box for further processing. The polymer:IDT6CN-M (weight ratio of 1:1) were 

dissolved in chloroform with 0.25% DIO addition, then the mixture was stirred 

overnight to obtain a blend solution with a total concentration of ～16 mg/mL. The 

blend solution was spin-cast on the top of PEDOT:PSS layer at 4000 rmp for 40 s. 

Then it was annealed at 100 °C for 5 min. Subsequently, the active layer coated 

substrates were quickly transferred to a glove-box integrated thermal evaporator for 

electrode deposition. A thin PNDIT-F3N-Br layer and Al layer (100 nm) were 

sequentially evaporated under vacuum of 5×10-5 Pa through a shadow mask. The 

active area of each device was 5.90 mm2 controlled by a shadow mask. The optimal 

blend thickness measured on a Bruker Dektak XT stylus profilometer was ~110 nm. 



The current-voltage (J-V) characteristic curves of all packaged devices were measured 

by using a Keithley 2400 Source Meter in air. Photocurrent was measured under AM 

1.5G (100 mW cm-2) using a Newport solar simulator in an Air. The light intensity 

was calibrated using a standard Si diode (with KG5 filter, purchased from PV 

Measurement) to bring spectral mismatch to unity. EQEs were measured using an 

Enlitech QE-S EQE system equipped with a standard Si diode. Monochromatic light 

was generated from a Newport 300 W lamp source. To study the charge generation 

and dissociation processes of the polymer:IDT6CN-M-based PSCs, plots of the 

photocurrent (Jph) versus effective voltage (Veff) of the PSCs were measured. Here, Jph 

and Veff are defined as Jph = JL - JD and Veff = V0 - Vappl, respectively, where JD and JL 

are the photocurrent densities in the dark and under the illumination, and Vappl is the 

applied bias voltage and V0 is the voltage at which Jph = 0, respectively.6 Usually, Veff 

determines the electric field in the bulk region and thereby determines the carrier 

transport and the photocurrent extraction. At high Veff values, charge carriers rapidly 

move toward the related electrodes with minimal recombination. The Jph reaches the 

saturation current density (Jsat) at high Veff (≥ 2 V in this case). Under the maximum 

power output conditions, recombination will be strongly competing with the carrier 

extraction as carriers slow down due to the reduced electric field. 



 

Fig. S1 UPS spectra of the active layer materials in films. 

 

 

 



 

Fig. S2 Summary of the photovoltaic parameters from 30 independent PSCs based on 

(a) PBDB-T:IDT6CN-M, (b) PM6:IDT6CN-M, and (c) PM7:IDT6CN-M.   

 

Table S1. GIWAXS test performance parameters of the PBDB-T, PM6, PM7, and 

IDT6CN-M pure films and the related as-cast or thermal annealed blend films. 

 in plane out of plane 

location 

(Å-1) 

d-spacing 

(Å) 

CCL 

(Å) 

location 

(Å-1) 

d-spacing 

(Å) 

CCL 

(Å) 

PBDB-T 0.29 21.67 58.5 1.69 3.72 20.2 

PM6 0.29 21.67 54.4 1.75 3.59 22.4 

PM7 0.29 21.67 51.1 1.70 3.70 18.4 

IDT6CN-M 0.34 18.48 31.7 1.83 3.43 29.4 

PBDB-T:IDT6CN-M 0.30 20.94 90.5 1.79 3.16 26.2 

PM6:IDT6CN-M 0.30 20.94 92.6 1.78 3.18 30.2 

PM7:IDT6CN-M 0.30 20.94 89.7 1.74 3.25 27.9 

 



 

Table S2. The photovoltaic data of the single-junction PSCs with Voc over 1.0 V. 

D:A Voc (V) Jsc (mA cm-2) FF PCE (%) Eloss (eV) Ref. 

PM6:IDT6CN-M 1.04 16.6 77.1% 13.3 0.56 This work 

PM7:IDT6CN-M 1.05 16.4 77.5% 13.3 0.55 This work 

PvBDTTAZ:O-IDTBR 1.08 16.26 63.6% 11.6 0.55 [7] 

P3HT:BTA1 1.02 7.34 70% 5.24 0.83 [8] 

PB3T:IT-M 1.00 18.9 63% 11.9 0.60 [9] 

PBT7-Th:DTNR 1.08 15.72 56% 9.51 0.50 [10] 

PCDTBT:P-BNBP-T 1.30 5.41 45.51% 3.20 0.53 [11] 

P3TEA:SF-PDI2 1.11 13.27 643% 9.5 0.61 [12] 

DRCNST:TPH 1.04 11.59 51% 6.16 0.56 [13] 

PCE10:IDTBR:IDFBR 1.03 17.2 60% 11.0 0.52 [14] 

PIDTT-TID:PC71BM 1.00 12.6 53% 6.7 0.49 [15] 

PffBT4T-2DT:IDTBR 1.07 15.0 62% 9.95 0.51 [16] 

P3TEA:FTTB-PDI4 1.13 13.87 65.9% 10.37 0.53 [17] 

P3HT:SF(DPPB)4 1.14 8.29 55% 5.16 0.63 [18] 

PBDB-T:ITCC 1.01 15.9 71% 11.4 0.66 [19] 

P3HT:BTA2 1.22 6.15 60% 4.5 0.78 [20] 

PffBT4T:EH-IDTBR 1.04 13.6 66.1% 9.4 0.55 [21] 

PBDTSF-FBT:ITIC 1.03 17.09 66.3% 11.66 0.68 [22] 

PBDT-ODZ:ITIC-Th 1.06 17.10 68.1% 12.34 0.50 [23] 



PTZ1:PMI-F-PMI 1.30 7.0 63.5% 6.0 0.61 [24] 

J61:BTA3 1.15 10.84 66.17% 8.25 0.60 [25] 

DBT-T1:6a 1.001 12.53 71.7% 9.28 0.77 [26] 

PBCIT:ITIC 1.01 13.95 60.05% 8.46 0.63 [27] 

DR3TSBDT:DTBTF 1.15 7.42 45% 3.64 0.59 [28] 

P3HT:F4TBT4 1.26 5.83 56.1% 4.12 0.65 [29] 

PBDTS-TDZ:ITIC 1.10 17.78 65.4% 12.80 0.48 [30] 

PTB7-Th:IDTT-T 1.015 15.7 57% 9.1 0.57 [31] 

PBPD-Th:ITIC 1.01 18.1 59% 10.8 0.54 [32] 

PTZ6:ITIC 1.01 14.1 72.3% 10.3 0.58 [33] 

P4TIN:PC61BM 1.06 15.17 52% 8.36 0.61 [34] 

PBDB-T:IDT-BOC6 1.01 17.52 54% 9.60 0.62 [35] 

PBTA-PSF:ITIC 1.01 18.51 74.4% 13.91 0.67 [36] 
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