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Figure S1. SEC UV traces of (a) P1, (b) P2, and (c) P3 together with their 15t blocks.
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Figure S2. 'H NMR spectrum of P1 in C,D,Cly at 100 °C.
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Figure S3. 'H NMR spectrum of P2 in C,D,Cly at 100 °C.
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Figure S4. '"H NMR spectrum of P3 in C,D,Cly at 100 °C.

Table S1. Basic characteristics of P1-P3.

Composition ®

Polymer M, (kDa)* M, (kDa)® M, IM,* (w:w) Tysv (C)
PNDI2T:PBDB-T
P1 24.0 74.2 3.09 65:35 419
P2 19.8¢ 57.8¢ 2.92¢ 52:48 424
P3 18.0¢ 43.7¢ 2.43¢ 38:62 415

@ Number-average molecular weight (M,), weight-average molecular weight (M), and molecular weight
distribution (M,/M,) were determined by SEC eluted with chloroform at 40 °C based on a calibration using
polystyrene standards. ? Determined by 'H NMR. ¢ 5% weight loss under a nitrogen atmosphere. ¢ Determined by

taking non-aggregated part (12.3-18.0 ml) in SEC UV traces.
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Figure S5. TGA curves of P1-P3 at a heating rate of 10 °C/min.
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Figure S6. DSC curves of P1-P3 at a heating/cooling rate of 10°C/min.



Table S2. Thermal properties of P1-P3 determined by DSC.

Polymer T. (°C)* T,, (°C)*
P1 243 286
P2 —

P3 -

2 Determined from the 2" heating/cooling cycles at a heating/cooling rate of 10 °C/min.
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Figure S7. (a) Normalized UV-vis absorption spectra of the blend films with the same D:A

ratios to P1-P3. (b) Absorption coefficient of the films of P1-P3.
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Figure S8. Tauc plots of (a) P1, (b) P2, and (c) P3 films. The bandgap (£,) values were
calculated by the equation of (ahv)" = A(hv-E,), where h is the Plank constant, v is the photon’s

frequency, a is the absorption coefficient, and 4 is a constant.!

Table S3. Fitting parameters obtained from triexponential reconvolution of the TRPL curves

of P1-P3 films.

Ay 71 (ns) A, T2 (ns) A; T3 (PS)  Tavg (pS)°
P14 0.08 6.10 0.23 0.773 0.69 51.5 677
P2 0.08 5.74 0.23 0.765 0.69 40.4 649
P3¢ 0.08 5.08 0.24 0.725 0.68 41.7 619
t 3 -t
I(t) = f IRF(t) ) Ae ™ dt
¢ The triexponential reconvolution fitting equation for TRPL is: - i=1 2
3
ZA{[%
_i=1
Tavg 3
AT,

[’
bT4vg is calculated by the intensity weighted average of T, i=1 3
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Figure S9. (a) J-V curves and (b) EQE spectra of the fabricated SCOSC devices based on as-

cast P1-P3 films.

Table S4. Performance of the fabricated SCOSCs based on the as-cast P1-P3 films under AM

1.5G illumination (100 mW c¢m).4

Voe Jse Jse, cal® FF PCE R, R,
V) (mA cm?) (mA cm™) (%) (%) (Ohm) (Ohm)
0.901 7.97 - 53.13% 3.81% 284.33 7515
(0.890+0.011)  (7.67+0.3) (50.2042.93) (3.4340.38) (358.98+74.65) (7080+435)
0.922 3.96 ‘ol 37.98% 1.38% 985.9 5893
(0.886+0.036)  (3.84+0.12) (37.50£0.48) (1.2740.11)  (1185+200.9)  (5440+453)
0.908 2.99 . 31.89% 0.87% 1813.6 5469
(0.903+0.005)  (2.91+0.08) (31.55£0.34) (0.83+0.04)  (1927+113.4)  (5459+10)

¢ The average values were obtained from more than 10 devices. ®J;. ., represent the integrated J;. obtained from

EQE spectra.
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Figure S10. (a) The J-V curves and (b) EQE spectra of the devices based on the blend films

with the same D:A ratios to P1-P3.

Table S5. Performance of the devices based on the blend films with the same D:A ratios to P1-

P3 under AM 1.5G illumination (100 mW cm2).

D:A Voc Jse Jsc, cat” FF PCE

%) (mA em?)  (mA em?) (%) (%)
1:2 0.814 3.41 3.21 61.9% 1.65%
1:1 0.815 4.52 4.50 61.4% 2.26%
2:1 0.833 6.74 6.24 63.6% 3.57%

“ Jee.cas Tepresents the integrated Ji. obtained from EQE spectra.
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Figure S11. Changes of (a) series resistance (R;) and (b) shunt resistance (Ry;) for the fabricated

SCOSCs based on the as-cast films or the annealed films (at 100 °C).
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Figure S12. The SCLC curves for (a) P1-, (b) P2-, and (c) P3-based electron-only devices and



(d) P1-, (e) P2-, and (f) P3-based hole-only devices.
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Figure S13. The relationship of V. on light intensity for P3 devices.

Table S6. Detailed parameters of energy loss for P1 and P2 devices.

E g q VacSQ q Vacrad AE total AE 1 A4 EZ A4 E3 Eloss

@y P2 ey @) @) @) @) @) (V)

P1 1.656 3.05%10°  1.379 1.208 0.757 0277  0.171 0269  0.717

P2 1.653 1.87%10°  1.375 1.187 0.765 0.278  0.188 0.280  0.746

@ Determined from FTPS-EQE. ® Determined from the difference between E, from FTPS-EQE

and V. from J-V characteristic. ¢ Calculated by the summation of 4E;, AE,, and AE;.



Table S7. 1D GIWAXS parameters of P1-P3 and pure segments at out-of-plane direction.

d-spacin FWHM Coherence length
Polymer Peak g (A1) pacing 5

A) A) A)
(100) 0.27 23.26 0.19 33.07
PBDB-T
(010) 1.65 3.81 0.38 16.53
(100) 0.25 25.12 0.20 31.42
P3
(010) 1.65 3.81 0.39 16.11
(100) 0.27 23.26 0.19 33.07
P2
(010) 1.63 3.85 0.39 16.11
(100)
P1
(010) 1.61 3.90 0.39 16.11
(100) 0.17 36.94 0.14 36.96
PNDI2T

(010) 1.60 3.93 0.16 39.27




Table S8. 1D GIWAXS parameters of P1-P3 and pure segments at in-plane direction.

d-spacing FWHM Coherence length

Polymer Peak q (A
(A) (A) (A)
(100) 0.29 21.66 0.11 57.12
PBDB-T  (200) 0.65 6.99 0.1 57.12
(010) 1.30 4.83 0.84 7.48
(100) 0.27 23.26 0.09 69.81
(200)2 0.44 14.27 0.14 44.88
P3
(200)° 0.65 9.66 0.09 69.81
(010) 1.36 4.62 0.40 15.71
(100) 0.26 24.15 0.08 78.54
(200)“ 0.46 13.65 0.09 69.81
P2
(200)? 0.65 9.66 0.11 57.12
(010) 1.37 4.58 0.37 16.98
(100) 0.26 24.15 0.07 89.76
(200)2 0.47 13.36 0.06 104.72
P1
(200)° 0.65 9.66 0.06 104.72
(010) 1.33 4.72 0.42 14.96
(100) 0.24 26.17 0.03 209.44
(200) 0.47 13.36 0.05 125.66
PNDI2T
(300) 0.69 9.10 0.08 78.54
(010) 1.33 4.72 0.26 24.17

(200) peaks of P1-P3 originate from the PNDI2T block; ? (200) peaks principally stem from

the PBDB-T block.
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Figure S14. The AFM (a, b) height images (5 um X 5 pum) and (c, d) phase images (5 pum X

5 um) of the P1 and P2 films spin-coated on the ZnO ETL and annealed at 100 °C for 10 min.
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