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Reduced voltage losses yield 10% and >1V fullerene free organic solar cells
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Gorman, Raja Shahid Ashraf, Sarah Holliday, Andrew Wadsworth, Nicola Gasparini, Pascal 
Kaienburg, He Yan, Aram Amassian, Christoph J. Brabec, James R. Durrant, Iain McCulloch 

 

Table S1. The correlation between Eg-qVoc and EQEmax is shown from literature using polymers with 
different types of acceptors.

Ordered by increasing Eg-qVoc . It is clear that when Eg-qVoc < 0.6 V, there is a compromise between the 
EQE and the Voc. Among all the donor:acceptor combinations PffBT4T-2DT:FBR is the only one which has 
Voc > 1.0 V with EQEs >50% and Eg-qVoc  ≈  0.5 V. PffBT4T-2DT:FBR is shown in red. The combinations with 
Voc higher than 1 V are shown in green.

Donor: Small Molecule 

Donor Acceptor Donor Eg 
(eV)

Voc 
(mV)

Eg-qVoc 
(eV) EQEmax

Supplementary 
Ref.

PffBT4T-2DT FBR 1.6 1090 0.48-0.5 0.57 (1)
PTB7-Th SF-PDI2 1.58 1000 0.58 0.35 (2)
p-DTS(FBTTh)2 S1 1.5 910 0.59 0.15 (3)
PTB7-Th IEIC 1.58 967 0.613 0.57 (2)
PBDTTT-C-T DC-IDT2F 1.58 960 0.62 0.33 (4)
p-DTS(FBTTh)2 S4 1.5 870 0.63 0.18 (3)
PBDTTT-C-T DC-IDT2F 1.58 940 0.64 0.28 (4)
DPP-Py BT(TPI-EH)2 1.72 1070 0.65 0.12 (5)
p-DTS(FBTTh)2 NIDCS-MO 1.5 850 0.65 0.47 (6)
p-DTS(FBTTh)2 S3 1.5 840 0.66 0.05 (3)
DPP-Py BT(TTI-n12)2 1.72 1050 0.67 0.28 (5)
PTB7-Th TPE-PDI4 1.58 910 0.67 0.56 (7)
PffBT4T-2DT SF-PDI2 1.65 980 0.67 0.5 (2)
P3HT DIR-2EH 1.9 1220 0.68 0.35 (8)
PBDTTT-C-T DC-IDT2T 1.58 900 0.68 0.4 (9)
PffBT4T-2DT TPC-PDI4 1.65 960 0.69 0.46 (10)
P3HT PFTBT 1.9 1200 0.7 0.34 (11)
DPP-Py BT(TPI-n12)2 1.72 1010 0.71 0.14 (5)
PBDTTT-C-T S(TPA-PDI) 1.58 870 0.71 0.51 (12)
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PffBT4T-2DT TPSi-PDI4 1.65 940 0.71 0.44 (10)
P3HT F(DPP)2B2 1.9 1180 0.72 0.25 (13)
SubPc EBB 2.1 1380 0.72 0.36 (14)
PPDT2FBT NIDCS-HO 1.76 1030 0.73 0.7 (15)
PffBT4T-2DT TPGe-PDI4 1.65 920 0.73 0.31 (10)
PBDTTT-C-T IDTT-2BM 1.58 845 0.735 0.5 (16)
p-DTS(FBTTh)2 PDI-2DTT 1.5 763 0.737 0.46 (17)
PBDTTT-C-T bis-PDI-T-EG 1.58 840 0.74 0.59 (18)
PBDTTT-C-T Compound-3 1.58 840 0.74 0.11 (19)
P3HT P2 1.9 1150 0.75 0.04 (20)
P3HT SF(DPPB)4 1.9 1140 0.76 0.48 (21)
P3HT IDT-2DDP 1.9 1130 0.77 0.11 (22)
P3HT PhDMe(DPP)2 1.9 1130 0.77 0.13 (23)
DPP-Py BT(TTI-EH)2 1.72 950 0.77 0.2 (5)
PTB7-Th ITIC 1.58 810 0.77 0.74 (24)
PTB7-Th di-PDI 1.58 800 0.78 0.67 (25)
PTB7-Th hPDI3 1.58 800 0.78 0.7 (18)
PTB7-Th hPDI4 1.58 800 0.78 0.78 (18)
PTB7-Th Helical-PDI 1.58 796 0.784 0.58 (26)
PBTI3T Phenyl-PDI 1.81 1024 0.786 0.46 (27)
PBDTTT-C-T bis-PDI-Se-EG 1.58 790 0.79 0.48 (28)
P3HT DPP1 1.9 1100 0.8 0.17 (29)
P3HT Ph(DPP)2 1.9 1100 0.8 0.09 (23)
DPP-Py ITNCN(TPI-n12)2 1.72 920 0.8 0.14 (5)
PBDTTT-C-T bis-PDI-T-MO 1.58 780 0.8 0.45 (30)
PBDTTT-C-T TPDI 1.58 770 0.81 0.47 (31)
PBDTTT-C-T Me-PDI 1.58 770 0.81 0.35 (32)
PffBT4T-2DT di-PDI 1.65 840 0.81 0.55 (2)
PBDTTT-C-T PDI-2DTT 1.58 761 0.819 0.39 (17)
P3HT N6 1.9 1080 0.82 0.016 (33)
p-DTS(FBTTh)2 S2 1.5 680 0.82 0.09 (3)
PBDTTT-C-T IDT-2BM 1.58 760 0.82 0.51 (16)
P3HT 9, 9' BF 1.9 1070 0.83 0.302 (34)
PTB7 DTBT(TDPP)2 1.65 820 0.83 0.42 (35)
DPP-Py ITNCN(TPI-EH)2 1.72 890 0.83 0.21 (5)
PTB7 DTDfBT(TDPP)2 1.65 810 0.84 0.68 (35)
P3HT Flu-RH 1.9 1030 0.87 0.41 (36)
P3HT Cz-RH 1.9 1030 0.87 0.38 (36)
PTB7 hPDI4 1.65 780 0.87 0.7 (18)
P3HT PMI-F 1.9 1020 0.88 0.21 (37)
P3HT PMI-F 1.9 1020 0.88 0.21 (37)
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PTB7 hPDI3 1.65 760 0.89 0.71 (18)
PSEHTT DBFI-MTT 1.82 930 0.89 0.48 (38)
PffT2-FTAZ-
2DT IEIC 1.907692 998 0.909692 0.57 (39)

PSEHTT DBFI-DMT 1.82 910 0.91 0.8 (38)
P3HT CSORG5 1.9 980 0.92 0.55 (40)
P3HT PMIF-PMI 1.9 970 0.93 0.3 (37)
P3HT DBS-2DPP 1.9 970 0.93 0.3 (41)
P3HT PMI-F-PMI 1.9 970 0.93 0.3 (37)
P3HT HPI-BT 1.9 960 0.94 0.41 (42)
P3HT Ph-CN 1.9 960 0.94 0.41 (43)
P3HT p-CH3Ph-CN 1.9 960 0.94 0.32 (43)
P3HT P1 1.9 960 0.94 0.13 (20)
P3HT o-CH3Ph-CN 1.9 950 0.95 0.47 (43)
P3HT FEHIDT 1.9 950 0.95 0.17 (44)
PDBT-T1 Sdi-PBI-S 1.85 900 0.95 0.7 (45)
P3HT α-Naph-CN 1.9 940 0.96 0.41 (43)
P3HT o-DPP-PhCN 1.9 940 0.96 0.125 (46)
PSEHTT DBFI-T 1.82 860 0.96 0.65 (47)
P3HT β-Naph-CN 1.9 930 0.97 0.34 (43)
SF8TBT TTzBT-DCAO 2.21 1240 0.97 0.48 (48)
PSEHTT DBFI-S 1.82 820 1 0.24 (38)
P3HT Th-Cn 1.9 880 1.02 0.34 (43)
P3HT IDT-2BR 1.9 840 1.06 0.47 (49)
P3HT Cor-PI 1.9 830 1.07 0.24 (50)
P3HT FBR 1.9 820 1.08 0.79 (51)
P3HT Cor-NI 1.9 820 1.08 0.075 (50)
P3HT m-DPP-PhCN 1.9 730 1.17 0.05 (46)
P3HT F8IDT 1.9 720 1.18 0.3 (44)
P3HT IDT-PDI 1.9 700 1.2 0.36 (52)
P3HT BDP-BDT 1.9 650 1.25 0.13 (53)
P3HT B3 1.9 640 1.26 0.27 (54)
P3HT P(NDI-TCPDTT) 1.9 630 1.27 0.02 (55)
P3HT BDP-CPDT 1.9 620 1.28 0.1 (53)
P3HT K12 1.9 620 1.28 0.27 (56)
P3HT bis-PDI-Se-EG 1.9 590 1.31 0.28 (28)
P3HT BDP-DTP 1.9 570 1.33 0.1 (53)
P3HT MHPI-BTCN 1.9 570 1.33 0.07 (57)
P3HT p-DPP-PhCN 1.9 560 1.34 0.13 (46)
P3HT P(NDIOD-T2) 1.9 560 1.34 0.05 (55)
P3HT F4PI-BTCN 1.9 530 1.37 0.2 (57)
P3HT F4PI-(BTCN)2 1.9 470 1.43 0.19 (57)
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PInCz HPI-BT 2.8 1350 1.45 0.16 (58)
P3HT PhPI-BTCN 1.9 230 1.67 0.16 (57)
Donor:Fullerene 

Donor Acceptor Donor Eg 
(eV)

Voc 

(mV) Eg-qVoc (eV) EQEmax Supplementary Ref.

PffBT4T-2OD PC71BM 1.44 960 0.48 0.11 (59)
PNT4T-2OD PC71BM 1.47 920 0.55 0.4 (59)
PTB7 PC71BM 1.53 980 0.55 0.25 (59)
PBDTTT-EFF PC71BM 1.22 660 0.56 0.65 (60)
PTB7-Th PC71BM 1.52 960 0.56 0.64 (61)
PBDTTT-EFS PC71BM 1.28 690 0.59 0.52 (59)
P3HT PC61BM 1.5 910 0.59 0.32 (62)
P3HT ICMA 1.34 720 0.62 0.42 (63)
P3HT ICBA 1.4 770 0.63 0.56 (64)
PDBT-T1 PC71BM 1.5 860 0.64 0.6 (65)
P3HT bis-PC61BM 1.45 800 0.65 0.21 (65)
P3 PC71BM 1.36 710 0.65 0.24 (63)
P4 PC61BM 1.38 720 0.66 0.46 (66)
LBPP-6 PC61BM 1.38 720 0.66 0.5 (66)
LBPP-6 PC71BM 1.51 850 0.66 0.51 (67)
PFPDT PC61BM 1.46 780 0.68 0.47 (64)
PFPDT PC71BM 1.43 750 0.68 0.62 (68)
PBDTTT-CF PC71BM 1.35 670 0.68 0.79 (69)
PSBTBT PC71BM 1.36 680 0.68 0.4 (63)
PDTPBT-C8 PC61BM 1.6 920 0.68 0.28 (70)
DT-PDPP2T-TT PC71BM 1.6 920 0.68 0.74 (71)
PDPPFTF PC71BM 1.38 698 0.682 0.75 (72)
PDPP2TzT PC71BM 1.39 708 0.682 0.48 (73)
PDPP2TzBDT PC71BM 1.38 690 0.69 0.49 (64)
PDPP2Tz2T PC71BM 1.37 680 0.69 0.36 (63)
PDPP2TzDTP PC71BM 1.6 910 0.69 0.45 (74)
TQ1 PC71BM 1.38 680 0.7 0.62 (67)
PCPDTBT PC71BM 1.61 910 0.7 0.7 (75)
PDTG-TPD PC71BM 1.3 600 0.7 0.61 (76)
P3TI PC71BM 1.33 630 0.7 0.45 (77)
PThTPTI PC71BM 1.3 600 0.7 0.47 (77)
PilTVT PC61BM 1.28 580 0.7 0.6 (77)
PPDTBT PC71BM 1.51 800 0.71 0.71 (78)
PPDTFBT PC71BM 1.37 660 0.71 0.45 (63)
PPDT2FBT PC71BM 1.6 890 0.71 0.28 (79)
PBDTTPD(2EH/C8) PC71BM 1.45 730 0.72 0.41 (80)
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PBDTT-TT PC71BM 1.57 840 0.73 0.67 (81)
PBDTT-O-TT PC71BM 1.69 950 0.74 0.69 (82)
PBDTT-S-TT PC71BM 1.49 750 0.74 0.46 (66)
PCPDTBT PC71BM 1.52 780 0.74 0.68 (83)
PCPDT-DFBT PC71BM 1.62 880 0.74 0.69 (84)
PPDT-DFBT PC71BM 1.45 700 0.75 0.42 (85)
PMDPP3T PC71BM 1.4 650 0.75 0.36 (86)
PIDTT-DFBT-T PC71BM 1.4 650 0.75 0.41 (86)
PIDTT-DFBT-TT PC71BM 1.4 650 0.75 0.48 (86)
PDTSTPD PC71BM 1.13 380 0.75 0.39 (87)
PBDT-T8-TPD PC61BM 1.61 860 0.75 0.58 (71)
PDPP5T PC61BM 1.45 690 0.76 0.33 (80)
PDPP4TP PC71BM 1.42 660 0.76 0.65 (88)
PDPP4TOP PC71BM 1.57 810 0.76 0.3 (88)
C1 PC71BM 1.53 770 0.76 0.51 (88)
C3 PC71BM 1.53 760 0.77 0.79 (89)
PDPP4TN PC71BM 1.76 990 0.77 0.67 (90)
PDPP4TP PC71BM 1.58 807 0.773 0.66 (91)
PDPP4TBDT PC71BM 1.43 650 0.78 0.5 (88)
PDPP4TTT PC71BM 1.76 980 0.78 0.65 (90)
PDPP6T PC71BM 1.7 910 0.79 0.68 (92)
PDPP5T PC71BM 1.43 640 0.79 0.6 (88)
PBDPP-1 PC71BM 1.75 960 0.79 0.69 (93)
PBDPP-2 PC71BM 1.58 784 0.796 0.71 (91)
PBDPP-3 PC71BM 1.5 700 0.8 0.77 (94)
PTPD3T PC71BM 1.43 630 0.8 0.6 (80)
PBTIT3T PC71BM 1.5 700 0.8 0.66 (94)
DT-PDPPTPT PC71BM 1.53 730 0.8 0.7 (81)
DT-PDPP3T PC71BM 1.37 570 0.8 0.61 (95)
DT-PDPP2T-DBT PC71BM 1.43 620 0.81 0.52 (96)
DT-PDPP2T-BDT PC71BM 1.58 770 0.81 0.65 (81)
DT-PDPP4T PC71BM 1.63 810 0.82 0.48 (64)
DT-PDPP2T-TT PC71BM 1.51 690 0.82 0.65 (97)
PIPCP PC61BM 1.8 980 0.82 0.79 (98)
PIPC-RA PC61BM 1.74 910 0.83 0.79 (99)
PIT PC71BM 1.7 860 0.84 0.74 (100)
PR1 PC71BM 1.46 610 0.85 0.7 (101)
PR2 PC71BM 1.85 1000 0.85 0.56 (102)
PR3 PC71BM 1.56 708 0.852 0.78 (103)
PBDTFBZS PC71BM 1.68 820 0.86 0.61 (104)
PBT-TBDTT PC71BM 1.48 620 0.86 0.45 (67)
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PBTT-TBDTT PC71BM 1.83 970 0.86 0.71 (105)
PDPP3T-alt-TPT PC71BM 1.46 590 0.87 0.57 (101)
PBDTT-FDPP-C12 PC61BM 1.78 910 0.87 0.54 (93)
PBDTT-SeDPP PC61BM 1.54 670 0.87 0.61 (106)
PDTP-DFBT PC71BM 1.47619 600 0.88 0.54 (101)
BTT-DPP PC71BM 1.65 770 0.88 0.82 (89)
P1 PC71BM 1.46 580 0.88 0.64 (107)
P2 PC71BM 1.25 370 0.88 0.48 (95)
P3 PC71BM 1.6 720 0.88 0.77 (108)
P4 PC71BM 1.66 760 0.9 0.44 (88)
PDTTDPP PC71BM 1.76 860 0.9 0.82 (109)
PDPP2FT-C12 PC71BM 1.65 740 0.91 0.666 (110)
PDPP2FT-C14 PC71BM 1.72 810 0.91 0.69 (109)
PDPP2FT-C16 PC71BM 1.72 810 0.91 0.7 (109)
PTTDPO PC71BM 1.84 930 0.91 0.74 (111)
PTTDPS PC71BM 1.83 910 0.92 0.73 (112)
P1 PC71BM 1.81 880 0.93 0.55 (113)
P2 PC71BM 1.81 880 0.93 0.76 (112)
PTI-1 PC61BM 1.82 890 0.93 0.76 (114)
PTI-1 PC71BM 1.45 510 0.94 0.69 (106)
P3TI PC71BM 1.82 850 0.97 0.76 (115)
PM6 PC71BM 1.9 920 0.98 0.44 (116)
PNNT (12HD) PC71BM 1.86 870 0.99 0.76 (117)
TBTIT-h PC71BM 1.82 813 1.007 0.35 (118)
PBDT-TS1 PC71BM 1.41 400 1.01 0.18 (119)
PTP-1 PC71BM 1.64 630 1.01 0.62 (120)
PDPT-DFBT PC71BM 1.81 793 1.017 0.34 (118)
PDTP-DTDPP PC71BM 1.7 680 1.02 0.59 (85)
PNTz4T PC71BM 1.82 786 1.034 0.76 (115)
PNOz4T PC71BM 1.9 840 1.06 0.61 (121)
DRCN8T PC71BM 1.74 670 1.07 0.52 (120)
DRCN8TT PC71BM 1.74 670 1.07 0.63 (120)
DBP C60 1.65 560 1.09 0.65 (120)
CuPc C60 1.66 560 1.1 0.56 (120)
DPSQ C60 1.6 500 1.1 0.76 (122)
o-BDTdFBT PC71BM 1.71 560 1.15 0.59 (120)
BTR PC71BM 1.9 685 1.215 0.55 (123)
DR3TSBDT PC71BM 1.9 630 1.27 0.61 (121)
DCV5T-Me(3) C60 1.9 580 1.32 0.65 (121)
DRCN5T PC71BM 2 520 1.48 0.34 (124)
DTS(PTTh2)2 PC71BM 2 480 1.52 0.24 (124)
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Donor:Polymer

Donor Acceptor Donor Eg (eV) Voc (mV) Eg-qVoc (eV) EQEmax Supplementary Ref.
PDPP2Tz-T PDPP5Y 1.44 800 0.64 0.21 (125)
PDPP5T PDPP2TzT 1.45 810 0.64 0.29 (125)
POPT CN-PPV 1.8 1040 0.76 0.22 (126)
PTB7-Th P(PDI-BDT-T) 1.58 800 0.78 0.55 (127)
NT N2200 1.58 770 0.81 0.52 (128)
PSBTBT PDI-DTT 1.45 596 0.854 0.082 (129)
M3EH-PPV CN-ether-PPV 2.4 1360 1.04 0.31 (130)
PSEHTT PNDIS-HD 1.82 760 1.06 0.47 (131)
PSEHTT PNDIS 1.82 750 1.07 0.38 (131)
PT1 PC-PDI 1.82 740 1.08 0.43 (132)
P3HT PC-NDI 1.9 700 1.2 0.1 (133)
PSEHTT PNDIT 1.82 610 1.21 0.28 (131)
P3HT PF-NDI 1.9 680 1.22 0.3 (134)

Table S2: Film absorption maxima, ionization potential (IP), electron affinity (EA), band gaps determined 
from cyclic voltammetry (Eg,CV) from the onsets of oxidation and reduction potential measured, optical 
band gaps Eg,opt, calculated from the absorption edges for PffBT4T-2DT, FBR, FTTB, EH-IDFBR, 
PCBM,IDTBR and PffBT4T-2DT:FBR. * Estimated from optical band gaps. 

λmax film 
(nm)

IP (eV) 
(±0.1)

EA (eV)
(±0.1)

Eg,CV (eV)
(±0.1)

Eg,opt (eV)
(±0.01) τ (ps)

PffBT4T-2DT 694 5.34 3.70* - 1.61 237±12

FBR 510 5.83* 3.75 - 2.08 -

EH-IDFBR 505 5.75* 3.70 2.15

FTTB 545 5.65* 3.62 2.04

IDTBR 690 5.5 3.88 1.6

PCBM 333 6.1* 4.0 1.70 -

PffBT4T-2DT 
:FBR 485 5.32 3.74 1.58 1.60 48±7
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Table S3: Photovoltaic performances of the solar cells based on PffBT4T-2DT:NFA under standard AM 
1.5G illumination. * surface of ZnO is modified with washing the layer with the solvent of zinc acetate. a 
Short circuit density measured from J-V measurements. b PCEave: average power conversion efficiency 
with standard deviation from 12 devices.

PffBT4T-2DT:FBR Jsc 
a(mA/cm2) Voc (V) FF (%) PCEave b(%) EQE @λmax

(%)

1:0.8 8.1 1.0 59 4.8 (±0.20) 35

1:1 11.6 1.09 60 7.7 (±0.18) 57

1:1* 11.5 1.12 61 7.8 (± 0.20) 57

1:1.5 10.2 1.10 56 6.3 ( ± 0.20) 45

1:2 10.3 1.06 54 5.9 (±0.18) 45

PffBT4T-2DT:
PCBM

1:2 (3% DIO) 16 0.76 62 7.5 (±0.3) 70

PffBT4T-2DT:
FTTB (1:1) 10.3 1.05 45 5.0 (±0.2) -

PffBT4T-2DT:
EH-IDFBR (1:1) 4.4 1.08 38 1.75 (±0.2) -

PffBT4T-2DT:
IDTBR (1:1) 15 1.07 62 9.95 (±0.2) 76
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Table S4. PffBT4T-2DT singlet exciton lifetimes in neat polymer film and PffBT4T-2DT:FBR blend and the 
calculated and yield of charge generation for the blend. The exciton lifetime was extracted from fitting 
the transient absorption kinetics with exponential and stretched exponential functions. The latter is 
commonly used to estimate the rate of charge transfer in dispersive donor-acceptor systems with large 
acceptor density of states. The error bars represent the standard deviation from the best fit. The P3HT 
exciton lifetime and generation yield of P3HT:FBR blend is included in the table as a reference. P3HT 
data is taken from ref [53].

Lifetime
[ps]

Yield charge  
generation
[%]

PffBT4T-2DT 237 ± 12 ~
PffBT4T-2DT:FBR 48 ± 7 80 ± 4
P3HT:FBR <1 96
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Figure S 1 a Absorption coefficient data for PffBT4t-2DT and FBR films, b Cyclic voltammograms of neat 
PffBT4T-2DT, FBR and PC60BM films and PffBT4T-2DT:FBR blend film in 0.1 M TBAPF-6 /acetonitrile 
system with 50 mV/s scan rate using Ag/AgCl reference electrode, c Absorption edges of FBR and 
PffBT4T-2DT for optical band gap calculation.
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Figure S 2  a Current density - voltage curves of PffBT4T-2DT:FBR devices with different donor:acceptor 
ratios under illumination of 100mWcm-2. b EQE spectra of corresponding PffBT4T-2DT:FBR devices and 
c Current density - voltage curves of PffBT4T-2DT:FTTB and PffBT4T-2DT:IDFBR devices under 
illumination of 100mWcm-2.
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PffBT4T-2DT:FBR in CB PffBT4T-2DT:PCBM in CB
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Figure S 3 2D GIWAX patterns of PffBT4T-2DT:FBR and PffBT4T-2DT:PCBM, respectively.
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Figure S 4 a femto-second transient absorption spectra of PffBT4T-2DT:FBR recorded after 680 nm light 
excitation in the NIR spectral region from 400 fs to 1 µs. The spectra consist of two spectral signatures of 
the 1300 nm absorption peak corresponding to singlet polymer excitons and 1000 nm polaron peak and 
b micro-second TAS profile of PffBT4T-2DT:FBR excited at different wavelengths between 950 nm and 
1400 nm. The polaron peak is observed around 1100 nm and c Photoluminescence (PL) spectra based on 
neat PffBT4T-2DT, FBR and PffBT4T-2DT:FBR blend (1:1 w/w) films. The films were excited with 445 nm 
for FBR and PffBT4T-2DT:FBR, and 680 nm for PffBT4T-2DT. Each spectrum was corrected for the 
absorption of the film at the excitation wavelength. The emission maxima of the blend quenched 86 ± 2 
% relative to neat films which is consistent with the TAS measurements.
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Figure S 5 Ideality factor values as a function of voltage for PffBT4T-2DT:FBR and PffBT4T-2DT:PCBM.
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Figure S 6 Electroluminescence spectra of a) neat PffBT4T-2DT and b) PffBT4T-2DT:FBR devices at 
various injection currents. c) Normalized electroluminescence of PffBT4T-2DT:FBR devices exhibiting no 
shift upon higher injected current. d) Normalized emission data for neat and blend materials, showing EL 
from the blend is not different than PL and EL of neat PffBT4T-2DT. All spectra were measured using 
SiCCD. 
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