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Figure S1. J-V characteristics of orientation-controlled P3HT/PCBM bilayer devices with various P3HT thicknesses. (a) Devices with face-on-rich P3HT layers. (b) Devices with edge-on-rich P3HT layers.
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Figure S2. Pole figures of orientation-controlled P3HT films of various thicknesses. (a) Fast-dried films. (b) Slow-dried films. Thicknesses were varied from 10 nm to 130 nm.
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Figure S3. GIWAXS results of the P3HT film used as a common interfacial layer. (a) 2D image of the P3HT film. (b) Corresponding pole figure of the P3HT (100) peak.
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Figure S4. J-V characteristics of SCLC measurements. Hole-only devices were fabricated with a single layer of P3HT film (either face-on-rich or edge-on-rich). Symbols: experimental data; dashed lines: line fitted using Mott-Gurney’s law. Carrier mobilities were calculated as described elsewhere.
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Figure S5. TA spectra of P3HT single layer samples with controlled P3HT orientation. (a): sample with the face-on-rich P3HT film; (b): sample with the edge-on-rich P3HT film.




Table S1. Photovoltaic parameters of orientation-controlled P3HT/PCBM bilayer devices with various P3HT thicknesses.
	
	P3HT thickness 
[nm]
	PCE 
[%]
	Jsc 
[mA cm-2]
	Voc 
[V]
	FF

	P3HT(face-on-rich)/PCBM
	25
	0.385
	2.35
	0.34
	0.482

	
	62
	0.245
	1.58
	0.31
	0.501

	
	100
	0.172
	1.12
	0.32
	0.477

	
	135
	0.156
	1.11
	0.32
	0.439

	P3HT(edge-on-rich)/PCBM
	25
	0.259
	1.72
	0.30
	0.502

	
	42
	0.140
	1.43
	0.31
	0.316

	
	80
	0.145
	1.17
	0.32
	0.388

	
	130
	0.149
	0.871
	0.33
	0.519





Table S2. SCLC hole mobilities [cm2 V-1 s-1] of orientation-controlled P3HT films.
	
	P3HT
(face-on-rich)
	P3HT
(edge-on-rich)

	µh, SCLC
	4.42 x 10-6
	5.58 x 10-6
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