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Materials: PNDIS-HD and PPDIS were synthesized by Stille coupling copolymerization[S1, S2], and the weight average molecular weight (Mw) was 42.6 kDa and 32.7 kDa with a polydispersity index (Mw/Mn) of 1.5 and 1.7, respectively. N,N′-bis(2-decyltetradecyl)-1,7-dibromo-3,4,9,10-perylene diimide (PDI) was purchased from Sunatech Inc., and the donor polymer PBDTTT-CT (Mn > 20 kDa, Mw/Mn ∼ 3) was purchased from Solarmer Energy, Inc., and both were used as received.

Synthesis of poly{([N,N′-bis(2-decyltetradecyl)-1,7-dibromo-3,4,9,10-perylene diimide]-alt-(5,5′-selenophene)}(PPDIS). N,N′-bis(2-decyltetradecyl)-1,7-dibromo-3,4,9,10-perylene diimide (PDI) (300.0 mg,0.25 mmol), and 2,5-bis(trimethylstannyl)selenophene (112.2mg, 0.25 mmol) with Pd2(dba)3 (4.5 mg, 0.005 mol %) and P(o-tolyl)3 (6 mg, 0.02 mol %) were added into a 100 mL three-neck round-bottom flask. The flask equipped with a condenser was then degassed and filled with argon three times. Afterward, 12 mL of chlorobenzene was added and degassed one time. The highly concentrated reaction mixture (34.3 mg/mL) was refluxed under magnetic bar stirring for 72 h under argon and cooled down to room temperature. The polymerization mixture was poured into 200 mL methanol and 5 mL hydrochloric acid solution and stirred overnight. The polymer precipitated out as a solid and was filtered using a filter paper. The polymer was purified by Soxhlet extraction with methanol, acetone, and hexane, sequentially. PPDIS (293 mg; yield = 96%), GPC: Mw = 32.7 kDa, Mn = 19.2 kDa, Mw/Mn = 1.7. 

Material Characterization: Optical absorption spectra were measured on a Perkin-Elmer model Lambda 900 UV/vis/near-IR spectrophotometer. Solid-state absorption spectra were obtained from the spin coated thin films on glass substrates.

HOMO/LUMO energy levels were estimated from cyclic voltammetry (CV) experiments. The CV experiments were done on an EG&G Princeton Applied Research potentiostat/galvanostat (model 273A) in an electrolyte solution of 0.1 M tetrabutylammonium hexafluorophosphate (Bu4NPF6) in acetonitrile at a scan rate of 40 m/Vs. Platinum (Pt) wires were used as counter and working electrodes, and Ag/Ag+ (Ag in 0.1 M AgNO3 solution, Bioanalytical System, Inc.) was used as a reference electrode. Ferrocene/ferrocenium (Fc/Fc+) was used as an internal standard, and the reference potential was converted to the saturated calomel electrode (SCE) scale. Each sample for CV was prepared by dip-coating the solution in chloroform onto Pt wires.

X-ray diffraction (XRD) patterns were obtained from a Bruker F8 power XRD with a Cu Kα radiation as the X-ray source, and the film samples were prepared by drop-casting of highly concentrated polymer solutions (30 mg/mL) in chlorobenzene onto glass substrates and followed by annealing on a hot plate at 175 ˚C for 10 minutes.
AFM characterization of surface morphology was done on the active layers of the actual BHJ solar cells by using a Veeco Dimension 3100 Scanning Probe Microscope (SPM) system.

Fabrication of Ternary Blend All-Polymer Solar Cells: ITO glass substrates were cleaned sequentially in ultrasonic baths with acetone and isopropyl alcohol for 20 minutes, dried using nitrogen gas, and stored in a vacuum oven. The ITO glass substrate was O2 plasma treated for 90 seconds right before coating the ZnO layer. The ZnO precursor solution was spin-coated onto the ITO glass at 5000 rpm for 40 sec, annealed at 250 ˚C on a hot plate in air for 1 hr to make 20 – 30 nm thick ZnO layer and the glass/ITO/ZnO substrate was transferred into an argon-filled glove box. A 0.05 wt % polyethylenimine solution in 2-methoxyethanol was spin-coated onto the ZnO layer and dried at 110 °C on a hot plate for 10 minutes right before use. Each ternary blend active layer (PBDTTT-CT:PNDIS-HD:PPDIS) solution (25 mg/mL) in chlorobenzene:DIO (97:3 v/v) solvent was spin-coated at 1000 rpm for 20 seconds. After spin-coating, the wet film was film-aged inside the glove box at room temperature for 96 hours (4 days) followed by thermal vacuum deposition of MoO3 (7.5 nm) and Ag anode (100 nm). All the active layers have thicknesses of 90 ± 10 nm. Five pixels, each with an active area of 4 mm2, were fabricated per ITO substrate. The photovoltaic cells were tested under AM 1.5G solar illumination at 100 mW/cm2 in ambient condition using a Solar Simulator (model 16S, Solar Light Co., Philadelphia, PA) with a 200W Xenon Lamp Power Supply (Model XPS 200, Solar Light Co., Philadelphia, PA) calibrated by NREL certified Si photodiode (Model 1787–04, Hamamatsu Pho-tonics K.K., Japan) and a HP4155A semiconductor parameter analyzer (Yokogawa Hewlett-Packard, Japan). After the J-V measurement, the external quantum efficiency (EQE) was measured by using a solar cell quantum efficiency measurement system (Model QEX10, PV Measurements, Inc., Boulder, CO) with a 2 mm2 (2 mm×1mm) size masked incident light source and TF Mini Super measurement apparatus for multiple devices in a single substrate. The EQE system was calibrated with a Si photodiode before each measurement.
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Figure S1. X-ray diffraction patterns of solution cast neat films of PNDIS-HD, PPDIS and PBDTTT-CT on glass substrates annealed at 175 ˚C for 10 min.

Table S1. X-ray diffraction data and the mean crystalline domain size (Lc) of acceptor polymers (PNDIS-HD and PPDIS) and donor polymer (PBDTTT-CT).
	Sample
	(100)

(˚)
	d100
(Å)
	(010)

(˚)
	d010
(Å)
	Lc
(nm)

	PNDIS-HD
	4.1
	21.5
	22.6
	3.9
	10.2

	PPDIS
	4.2
	21.0
	20.4
	4.3
	5.4

	PBDTTT-CT
	4.5
	19.6
	22.4
	4.0
	9.2
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Figure S2. Relationship between RMS surface roughness (obtained from AFM) and PCE.
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Figure S3. AFM phase images of ternary [PBDTTT-CT][PNDIS-HD]1-x[PPDIS]x blend solar cells: (a) x = 0 wt%; (b) x = 10 wt%; (c) x = 30 wt%; (d) x = 50 wt%; (e) x = 75 wt%; (f) x = 100 wt%.
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Figure S4. Optical absorption spectra of ternary [PBDTTT-CT][PNDIS-HD]1-x[PPDIS]x blend solar cells.
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