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Experimental Section 

The polymer PBQ6 was provided by our laboratory. Polymer PYF-T-o was 

purchased from eFlexPv. All the solvents and chemicals were obtained commercially 

and used without further purification, unless otherwise stated. The pre-patterned ITO 

glass is purchased from Advanced Election Technology Co., Ltd. 

Characterization of materials 

Gel permeation chromatography (GPC) measurement was performed on Agilent 

PL-GPC 220 instrument with high temperature chromatograph, using 1,2,4-

trichlorobenzene as the eluent at 160 °C. UV-Vis absorption spectra were recorded on 

Hitachi U-3010 UV-vis spectrophotometer. For the film measurements, PBQ6 and 

PYF-T-o films were prepared by spin-coating their solutions in chloroform on quartz 

plates. 

Cyclic voltammetry measurement was performed on the Zahner IM6e 

electrochemical workstation, using a glassy carbon electrode as the working electrode, 

platinum wire as the counter electrode and Ag/AgCl as the reference electrode, at a 

potential scanning rate of 50 mV·s-1 in 0.1 M tetrabutylammonium 

hexafluorophosphate (Bu4NPF6) acetonitrile solution. The ferrocene/ferrocene (Fc/Fc+) 

pair was used as an internal reference. The EHOMO/ELUMO values were calculated from 

the onset oxidation/reduction potentials (φox/φred) obtained from the cyclic 

voltammograms, according to the equations of EHOMO/ELUMO = −e (φox/φred + 4.8 − 

φFc/Fc+) (eV), where redox potentials of φFc/Fc+ was measured to be 0.47 V versus 

Ag/AgCl. 

Device fabrication and characterization 

The all-polymer solar cells (all-PSCs) were fabricated with a structure of 

ITO/PEDOT:PSS (40 nm)/active layer/PDINN/Ag. The ITO-coated glass substrates 

were cleaned by ultrasonic treatment in deionized water, acetone, and isopropanol for 

15 min, dried under a nitrogen stream, and subsequent ultraviolet-ozone treatment for 

20 min. A thin layer of PEDOT:PSS was deposited on precleaned ITO-coated glass 

through spin-coating PEDOT:PSS aqueous solution (Baytron P VP AI 4083 from H.C. 



S3 

 

Starck) at 6000 rpm and dried subsequently at 150 °C for 15 min in air, then the 

PEDOT:PSS-coated ITO glass electrode was transferred to a nitrogen glove box. The 

blend solutions of PBQ6:PYF-T-o (1:1, wt/wt) were prepared in toluene (the total 

concentration of blend solutions was 16 mg mL-1), with the addition of 

chloronaphthalene (CN) or dithieno[3,2b:2′,3′-d]thiophene (DTT) as additive. The 

solutions were stirred and heated at 50 ℃. The blend solutions were spin-cast onto the 

PEDOT:PSS layer at a spin-coating rate of 2500 rpm. After the active layers were 

treated with thermal annealing at 90°C for 10 min, the methanol solution of PDINN 

with a concentration of 1.0 mg mL-1 was spin-coated atop the active layer at 3000 rpm 

for 30 s to form a PDINN cathode buffer layer with thickness of ca. 10 nm. Finally, top 

Ag electrode was deposited in vacuum onto the cathode buffer layer at a pressure of ca. 

1.0 × 10-6 Pa. The active area of the PSCs was 6.0 mm2, which was defined by Optical 

microscope (Olympus BX51).  

For devices fabricated in air, the ITO-coated glass substrates were cleaned by 

ultrasonic treatment in deionized water, acetone, and isopropanol for 15 min, dried 

under a nitrogen stream, and subsequent ultraviolet-ozone treatment for 20 min. A thin 

layer of PEDOT:PSS was deposited on precleaned ITO-coated glass through spin-

coating PEDOT:PSS aqueous solution at 6000 rpm and dried subsequently at 150 °C 

for 15 min in air, then the PEDOT:PSS-coated ITO glass electrode was transferred to a 

fume hood. The blend solutions of PBQ6:PYF-T-o (1:1, w/w) were prepared in toluene 

(the total concentration of blend solutions was 16 mg mL-1), with the addition of 

chloronaphthalene (CN) or dithieno[3,2b:2′,3′-d]thiophene (DTT) as additive. The 

solutions were stirred and heated at 50 ℃. The blend solutions were spin-cast onto the 

PEDOT:PSS layer at a spin-coating rate of 2500 rpm with a relative humidity of 30% 

and an ambient temperature of 27 °C. The active layers were treated with thermal 

annealing at 90°C for 10 min, and then transferred to a nitrogen glove box. The 

methanol solution of PDINN with a concentration of 1.0 mg mL-1 was spin-coated atop 

the active layer at 3000 rpm for 30 s to form a PDINN cathode buffer layer with 

thickness of ca. 10 nm. Finally, top Ag electrode was deposited in vacuum onto the 
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cathode buffer layer at a pressure of ca. 1.0 × 10-6 Pa. The active area of the PSCs was 

6.0 mm2, which was defined by Optical microscope (Olympus BX51).  

The current density–voltage (J–V) characteristics of the all-PSCs were measured 

in a nitrogen glove box with a Keithley 2450 Source Measure unit. Oriel Sol3A Class 

AAA Solar Simulator (model, Newport 94023A) with a 450W xenon lamp and an air 

mass (AM) 1.5 filter was used as the light source. The light intensity was calibrated to 

100 mW cm-2 by a Newport Oriel 91150V reference cell. The input photon to converted 

current efficiency (IPCE) was measured by Solar Cell Spectral Response Measurement 

System QE-R3-011 (Enli Technology Co., Ltd., Taiwan). The light intensity at each 

wavelength was calibrated with a standard single-crystal Si photovoltaic cell. 

In the Photo-CLIVE, and TPV measurements, the PSCs were fabricated with the 

same method as mentioned above. The data were obtained by the all-in-one 

characterization platform, Paios (Fluxim AG, Switzerland). In the photo-CELIV 

measurement, the delay time is set to 0 s, the light intensity is 100%, the light-pulse 

length is 100 µs, finally the sweep ramp rate rises from 20 V/ms to 100 V/ms. In the 

TPV measurement, the light intensity is 0.10%, 0.23%, 0.53%, 1.23%, 2.83%, 6.52%, 

15.0%, 34.6% and 80.0%, respectively, relative intensity is 20.0% and settling time is 

30.0 ms, pulse length is 5.0 ms and the follow-up time is 30.0 µs. 

Mobility measurements. 

The charge carrier mobilities were measured with the device structure of 

ITO/PEDOT:PSS/active layer/MoO3/Ag for hole-mobility and ITO/ZnO/active 

layer/PDINN/Ag for electron-mobility. The hole and electron mobilities were 

calculated according to the space charge limited current (SCLC) method equation: J = 

9µɛrɛ0V
2/8d3, where J is the current density, µ is the hole or electron mobility, V is the 

internal voltage in the device, εr is the relative dielectric constant of active layer material, 

ε0 is the permittivity of empty space, and d is the thickness of the active layer. 

Atomic force microscopy (AFM) and Transmission electron microscopy (TEM) 

The morphologies of the polymer/acceptor blend films were investigated by AFM 

(Bruker multimode8 AFM) in contacting under normal air conditions at room 
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temperature with a 5 µm scanner. Samples for the TEM measurements were prepared 

as following: The active layer films were spin-casted on ITO/poly (3,4-

ethylenedioxythiophene) poly (styrenesulfonate) (PEDOT:PSS) substrates, and the 

substrates with active layers were submerged in deionized water to make the active 

layers floats onto the air-water interface. Then, the floated films were picked up on an 

unsupported 200 mesh copper grids for the TEM measurements. TEM experiments 

were performed on a JEM-2100 transmission electron microscope operated at 200 kV. 

GIWAXS measurements 

Grazing-incidence wide-angle X-ray scattering (GIWAXS) measurements 

GIWAXS measurements were performed on a XEUSS SAXS/WAXS system 

(XENOCS, France) at the National Center for Nanoscience and Technology (NCNST, 

Beijing). 

Resonant soft X-ray scattering (RSoXS) 

Resonant soft X-ray scattering was performed at beamline 11.0.1.2 Advanced 

Light Source, LBNL. Thin film samples were spin-casted on top of the PEDOT:PSS 

covered Si wafers under exactly the same condition as those for the fabrication of solar 

cell devices. Then BHJ thin films were floated and transferred onto silicon nitride 

membrane windows. The scattering was done in transmission mode and signals were 

collected in vacuum using Princeton Instrument PI-MTE CCD camera. The RSoXS 

profiles are Lorentz corrected and thickness normalized.
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Supplementary Figures 

 

Figure S1. GPC results of PBQ6 and PYF-T-o. 

 

Figure S2. Absorption spectra of (a) PBQ6 and (b) PYF-T-o film processed by different 

additive treatment. (c) UV–vis absorption spectra of PBQ6:PYF-T-o films with CN or 

DTT. 

 

Figure S3. Cyclic voltammograms of PBQ6 and PYF-T-o measured in acetonitrile 

solutions of 0.1 mol L-1 n-Bu4NPF6 using ferrocene (Fc/Fc+) as an internal reference. 
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Figure S4. The certified photovoltaic performance of the all-PSC based on PBQ6:PYF-

T-o film with DTT solid additive treatment, from NIM, China. 
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Figure S5. The PCEs for the PBQ6:PYF-T-o-based devices with different weight ratio 

of DTT solid additive treatment. 

 

 

 

Figure S6. EQE spectra of the devices with different amounts of DTT solid additive 

treatment. 
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Figure S7. Average normalized PCE of all-PSCs under 150 ℃ stress for different 

duration times. 

 

 

Figure S8. J1/2-V curves of the (a) electron-only devices and (b) hole-only devices for 

the measurements of charge carriers mobilities. 
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Figure S9. Decay curves of the photocurrent in the transient photocurrent test with time. 

 

 

Figure S10. Photo-CELIV characteristics of the all-PSCs with different amounts of 

DTT solid additive treatment. 
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Figure S11. TEM phase images of (a) PBQ6:PYF-T-o/CN and (b) PBQ6:PYF-T-o/DTT 

based films. AFM phase images of (c) PBQ6:PYF-T-o/CN and (d) PBQ6:PYF-T-o/DTT 

based films.  

 

Figure S12. AFM surface scans of (a) PBQ6 and (b) PYF-T-o based films with different 

additives. 
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Figure S13. 2D GIWAXS diffraction patterns of (a) PBQ6, (b) PBQ6/CN and (c) 

PBQ6/DTT. (d) IP and (e) OOP line-cut profiles of GIWAXS images with the 

corresponding conditions. 

 

Figure S14. 2D GIWAXS diffraction patterns of (a) PYF-T-o, (b) PYF-T-o/CN and (c) 

PYF-T-o/DTT. (d) IP and (e) OOP line-cut profiles of GIWAXS images with the 

corresponding conditions. 
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Figure S15. (a) IP and (b) OOP line-cut profiles of GIWAXS images with PBQ6:PYF-

T-o/CN and PBQ6:PYF-T-o/DTT. 

 

Figure S16. Contact angles of PBQ6, PYF-T-o and DTT. 

 

Figure S17. FTIR spectra of DTT, PBQ6:PYF-T-o, PBQ6:PYF-T-o/DTT and 

PBQ6:PYF-T-o/DTT with the TA treatment at 90 °C for 10 min. 
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Figure S18. AFM surface scans of (a) PBQ6/DTT film without or (b) with TA at 90 °C 

for 10 min, and (c) PYF-T-o/DTT film without or (d) with TA at 90 °C for 10 min. 
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Supplementary Tables 

Table S1. Photovoltaic performance parameters of the all-PSCs based on PBQ6:PYF-

T-o (1:1, w/w, thermal annealing at 90℃ for 10 min) with different additives under the 

illumination of AM 1.5G, 100 mW cm-2. 

Active layer Additive 

Voc 

(V) 

Jsc 

(mA cm-2) 

FF 

(%) 

PCE 

(%) 

 CN 0.890 23.62 73.01 15.35 

 DIO 0.872 24.24 65.36 13.82 

PBQ6:PYF-T-o DTT 0.886 25.12 76.64 17.06 

 DIB 0.887 22.46 60.54 12.06 

 1-MN 0.896 22.12 72.08 14.29 

 

Table S2. Photovoltaic performance parameters of the all-PSCs based on PBQ6:PYF-

T-o (1:1, w/w, thermal annealing at 90℃ for 10 min) with different solvents (with 275% 

DTT) under the illumination of AM 1.5G, 100 mW cm-2. 

 

Solvent 
Voc 

(V) 

Jsc 

(mA cm-2) 

FF 

(%) 

PCE 

(%) 

o-xylene 0.886 23.25 72.63 14.96 

toluene 0.886 25.12 76.64 17.06 

THF 0.887 23.65 71.54 15.01 

1,2,4-TMB 0.882 22.54 71.31 14.18 

CF 0.886 24.50 77.02 16.72 
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Table S3. Photovoltaic performance parameters of the all-PSCs based on PBQ6:PYF-

T-o/DTT with different weight ratios (thermal annealing at 90℃ for 10 min) under the 

illumination of AM 1.5G, 100 mW cm-2. 

Active layer 

D/A weight 

ratio 

Voc 

(V) 

Jsc 

(mA cm-2) 

FF 

(%) 

PCE 

(%) 

 0.7:1 0.883 24.45 73.94 15.96 

PBQ6:PYF-T-o 1:1 0.886 25.12 76.64 17.06 

 1:1.3 0.885 24.66 74.17 16.13 

 

Table S4. Photovoltaic performance parameters of the all-PSCs based on PBQ6:PYF-

T-o (1:1, w/w, thermal annealing at 90℃ for 10 min) with different weight ratio of DTT 

solid additive treatment under the illumination of AM 1.5G, 100 mW cm-2. 

weight ratio 

of DTT (%) 

Voc 

(V) 

Jsc 

(mA cm-2) 

FF 

(%) 

PCE 

(%) 

200 0.886 24.02 72.67 15.47 

225 0.884 24.42 73.38 15.84 

250 0.885 24.95 75.04 16.57 

275 0.886 25.12 76.64 17.06 

300 0.887 24.63 76.45 16.70 

350 0.886 24.38 75.52 16.31 

400 0.888 23.82 76.06 16.09 

500 0.885 23.65 75.62 15.83 
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Table S5. Effect of PBQ6 molecular weight on the photovoltaic performance of the all-

PSCs based on PBQ6: PYF-T-o, under the illumination of AM1.5G, 100 mW cm-2. 

 

Mn (kDa) 

of PBQ6 

Voc 

(V) 

Jsc 

(mA cm-2) 

FF 

(%) 

PCE 

(%) 

8.8 0.897 23.50 73.27 15.44 

28.7 0.886 25.12 76.64 17.06 

38.1 0.876 24.56 74.12 15.95 

 

Table S6. Summary of photovoltaic performance parameters of the all-PSCs processed 

with halogenated solvent. 

Active layer 

Voc 

(V) 

Jsc 

(mA cm-2) 

FF 

(%) 

PCE 

(%) 

Ref. 

PTzBI-Si:N2200 0.86 15.8 73 10.0 1 

PM6:PZ1 0.96 17.1 68.2 11.2 2 

PM6:PYT 0.93 21.78 66.33 13.44 3 

PBDB-T:PTPBT-ET0.3 0.899 21.33 65.3 12.53 4 

PM6:L14 0.96 20.6 72.1 14.3 5 

PBDB-T:PF5-Y5 0.946 20.65 74.0 14.45 6 

PM6:PY-IT 0.933 22.30 72.3 15.05 7 

PTzBI-oF:PFA1 0.87 23.96 72.67 15.11 8 

PBDB-T:PJ1 0.90 22.7 75.3 15.4 9 

PBDB-T:PZT-γ 0.896 24.7 71.3 15.8 10 

JD40:PJ1 0.91 23.2 75 15.8 11 

PBDB-T:PYT 0.891 23.03 73.98 15.17 12 

PM6:PY-IT 0.937 21.90 73.6 15.11 13 

PM6:PY-DT 0.949 23.73 74.4 16.67 14 

PM6:L15:MBTI 0.957 22.91 73.83 16.18 15 

PM6:PY-IT:N2200 0.947 22.60 74.9 16.04 16 
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PM6:PYT:PY2F-T 0.90 25.2 76 17.2 17 

PM6:PTQ10:PY-IT 0.94 23.79 75.2 16.52 18 

J71:N2200 0.910 13.12 78 9.31 19 

PM6:PN1 1.00 15.2 69 10.5 20 

PBDB-T:BSS10 0.86 18.55 64 10.1 21 

PM6:PFBDT-IDTIC 0.96 15.27 68 10.3 22 

PTzBI-Si:N2200 0.85 17.2 77.9 11.5 23 

PBDTTT-E-T: DCNBT-TPIC 0.70 22.52 64.8 10.22 24 

PM6:PF3-DTCO 0.943 15.75 68.2 10.13 25 

PM6:PF2-DTSi 0.99 16.48 66.1 10.77 26 

PBDB-T:PJ1 0.90 22.6 71 14.4 27 

CD1:PBN-12 1.17 13.39 64 10.07 28 

PBDB-T:PN-Se 0.907 24.82 71.8 16.16 29 

PM6:PY-IT:PYCl-T 0.920 24.64 73.31 16.62 30 

PTzBI-oF:PM6:PFA1 0.880 24.36 76.14 16.3 31 

PBQ6:PYF-T-o 0.886 25.12 76.64 17.06 This Work 

 

Table S7. Summary of photovoltaic performance parameters of representative all-PSCs 

processed by various non-halogenated solvents. 

Active layer Solvents 

Voc 

(V) 

Jsc 

(mA cm-2) 

FF 

(%) 

PCE 

(%) 

Ref. 

HFAQx-T:N2200 THF 0.92 12.47 65 7.45 32 

PBDT-TS1:PPDIODT Anisole 0.76 15.72 55.11 6.58 33 

PiI-2T-PS10:P(TP) Toluene 0.98 9.93 51 5.10 34 

PBDT-TS1:PPDIODT o-MA 0.74 13.77 52.46 5.6 35 

PTB7-Th:PDI-V THF 0.74 15.5 70 8.1 36 

PTzBI:N2200HW 2-MeTHF 0.849 15.17 70.36 9.16 37 

PTzBI-Si:N2200 2-MeTHF 0.865 73.76 15.76 10.1 38 

PTzBI-Si:N2200 CPME 0.85 77.9 16.5 11.0 39 
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PTzBI-Si:N2200 2-MeTHF 0.88 75.78 17.62 11.76 40 

J51:PTB7-Th:N2200 CPME 0.82 67.8 17.27 9.6 41 

PBDT5-TPD4:P(NDI2HD-T) 2-MeTHF 1.02 55.75 14.42 8.2 42 

PTzBI-Si:N2200 CPME 0.87 72.7 14.6 9.3 43 

PTzBI-oF:PS1 2-MeTHF 0.92 66.70 22.47 13.8 44 

PBDB-T:PJ1:PJ2 o-XY 0.91 72.98 21.46 14.28 45 

PM6:L14 o-XY 0.953 74.10 22.10 15.62 46 

PBQ6:PYF-T-o Toluene 0.886 25.12 76.64 17.06 This Work 

 

Table S8. The charge carriers mobilities of devices with thermal annealing at 90°C for 

5 minutes. 

blend 
μe 

[*10-4 cm2 V-1 s-1] 

μh 

[*10-4 cm2 V-1 s-1] 
μh/μe 

PBQ6:PYF-T-o/CN 7.33 4.44 0.607 

PBQ6:PYF-T-o/DTT 8.41 6.19 0.736 

The mobilities are average values measured from 6 devices. 

 

Table S9. GIWAXS test performance parameters of the related neat and blend films. 

 

π-π stacking distance (010) π-π stacking coherence (010) 

Location 

(Å-1) 

d-spacing 

(Å) 

FWHM 

(Å-1) 

CCL 

(Å) 

PBQ6 1.68 3.74 0.24 23.6 

PBQ6/CN 1.70 3.69 0.23 24.4 

PBQ6/DTT 1.71 3.68 0.21 27.1 

PYF-T-o 1.60 3.94 0.31 18.6 

PYF-T-o/CN 1.59 3.96 0.29 19.7 

PYF-T-o/DTT 1.60 3.93 0.29 19.9 

PBQ6:PYF-T-o/CN 1.68 3.74 0.23 25.3 
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PBQ6:PYF-T-o/DTT 1.69 3.73 0.21 26.8 

 

Table S10. Summary of the domain size and domain purity 

blend 

Peak 1 

(nm-1) 

Log period 

(nm) 

ISI 1 

Peak 2 

(nm-1) 

Log period 

(nm) 

ISI 2 

PBQ6:PYF-T-o/CN 0.058 108 5.0 e-23 0.165 38 4.4 e-23 

PBQ6:PYF-T-o/DTT 0.085 74 8.7 e-23 0.183 34 6.0 e-23 
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