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Fig.S1  'H NMR spectra of the copolymers in CDCls.
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Fig. S2 Output and transfer characteristics of PBDTTDTBO (a) output; (b) transfer;

PBDTTDTBT (c) output; (d) transfer; PBDTTDTBTz(e) output; (f) transfer;
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Fig. S3 J-V curves of the PSCs based on polymers/PCBM with different ratios (1:1,

1.1.5 and 1:2) under illumination of AM1.5G, 100 mW/cm?.
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Fig. S4. The EQE curves of the PSCs based on polymers:PCBM with different ratios (1:1,

1.1.5and 1:2) in ODCB.
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Table S1. Optical and electrochemical properties of PBDTTDTBO, PBDTTDTBT
and PBDTTDTBTz , the related data of their corresponding BDT or BDF based

polymers for comparison.

Absorption spectra Cyclic voltammetry

Sol? Film® p-doping n-doping

Polymers Mnax Amax  Aonset [ OPt E o d  Erd/umot  EEC
¢ Eo/HOMO® Ej g

(m)— M) wviev) (V)/(eV)

(eV)

PBDTTDTBO 590 592 732 1.69 0.54/-525 -1.43/-3.28 1.7

PBDT_DTerefl 570 590 755 164 049/'520 '111/'360 160

PBDFDTBorefZ 578 580 717 170 048/'519 “/'349 -

PBDTTDTBT 583 640 748 1.66 0.44/5.15  -1.41/-3.30 1.5

pBDTDODTBTrefS 548 600 758 164 --/-5.17 --/-361 156

PEDEDODTBT®2 569 583 709 173 0.40/-511  --/-3.38 -
PBDTTDTBT; 540 556 697 178 0.21/-492  -170/-301 191
PBDTDTBTz 524 527 635 195 0.35-506  -/-3.11 -

PBDEDTBTz*? 527 536 642 193 0.28/-499  --/-3.06 -

®Measured in chloroform solution. "Cast from chloroform solution. ‘Bandgap estimated from the

onset wavelength of the optical absorption. "HOMO= -e( E* +4.71) (eV); LUMO= -e( E"*" +4.71)

(eV) using Ag/Ag" as the reference electrode.
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Table S2. Photovoltaic properties of PSCs based on BDTT, BDT and BDF based
copolymers with the best blend ratios, the hole mobilities of the polymers:PCBM

blend and FET hole mobilities of the polymers.

Active layer Voe Jse FF PCE Mobility(cm?/\V/s)

(V) (mAcm? (%) (%) SCLC* OFET’

PBDTTDTBO:PC;;BM=1:1.5 0.84 11.45 61.3 59  4.9*107 0.02

PBDT-DTBX:PCiBM=12t ~ O7% 525 588 290 20107 -

PBDFDTBOPC/BM=1:27 0% 504 700 288 22707 -

PBDTTDTBT:PC;1BM=1:15 0.75 10.29 640 494 24*10" 0.017

PBDTDODTBT:PC,BM=1:2%¢ 070 89 590 402 71507 -

PBDFDODTETPC, BM=1ome 08 987 653 445 6.72*107  0.002

PBDTTDTBTz:PC;;BM=1:1.5 0.54 9.47 60.6 31 54*10" 0.015

0.61 45 620 1.7 - -
PBDTDTBTz:PC;1BM=1:4""

PBDEDTET2:PCoBM=L1:2 044 492 575 124 369%10° -
. 71 =1

®Measured by using the space-charge-limited current (SCLC) method. ®Measured by using the
organic field-effect transistor (OFET) method.
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Table S3. Photovoltaic properties of PSCs based on BDTT based polymers:PCBM.

Active layer Voc Jse FF PCE

V) (mA/em?) (%) (%)
PBDTTDTBO:PCs:BM=1:1 0.89 10.68 61.4 5.83
PBDTTDTBO:PCs:BM=1:1.5 0.88 10.48 62.3 5.75
PBDTTDTBO:PCsBM=1:2 0.87 7.82 65.3 4.44
PBDTTDTBO:PC7;1BM=1:1 0.86 11.50 58.0 5.73
PBDTTDTBO:PC1BM=1:1.5 0.84 11.45 61.3 5.90
PBDTTDTBT:PCs;BM=1:1 0.76 9.56 66.9 4.76
PBDTTDTBT:PCs;:BM=1:1.5 0.77 9.27 61.8 441
PBDTTDTBT:PCs;BM=1:2 0.76 8.45 62.5 4.02
PBDTTDTBT:PC71BM=1:1.5 0.75 10.29 64.0 4.94
PBDTTDTBTz:PCs:BM=1:1  0.58 6.89 53.2 212
PBDTTDTBTz:PCs;BM=1:1.5 0.56 7.91 55.3 2.45
PBDTTDTBTz:PCs:1BM=1:2  0.55 6.80 56.8 212
PBDTTDTBTz:PC;;BM=1:1.5 0.54 9.47 60.6 3.10
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