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Supplementary Figures
TQ-3T was synthesised according to literature procedures[1]. All chemical and solvents were purchased from commercial suppliers and used without further purification. TQ-3T was synthesised in lower molecular weight (Supplementary Fig. S1) compared to previously reported in literature which benefits the processability of the blend in chloroform.
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Figure S1: Size exclusion chromatogram of TQ-3T, obtained using trichlorobenzene at 150oC. 
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Figure S2: UPS and LE-IPES spectra of pristine TQ-3T showing (a) the secondary electron cut-off and (b) the valence region of UPS spectra. (c) LE-IPES spectra showing the onset corresponding to the electron affinity.
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Figure S3: UPS and LE-IPES spectra of pristine Y6 showing (a) the secondary electron cut-off and (b) the valence region of UPS spectra. (c) LE-IPES spectra showing the onset corresponding to the electron affinity.
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Figure S4: 2D GIWAXS images and in-plane and out-of-plane scattering profiles. (a) 2D GIWAXS image of doctor blade coated TQ-3T:Y6 1:1 (wt/wt). (b) In-plane and out-of-plane scattering profiles integrated from 2D GIWAXS patterns. (c) 2D GIWAXS images of spin coated TQ-3T:Y6 1:1 (wt/wt). (d) In-plane and out-of-plane scattering profiles integrated from 2D GIWAXS patterns.
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Figure S5: Contact-mode AFM topography. AFM image (5 × 5 µm² scan area) of TQ-3T:Y6 1:1 (wt/wt) blend.
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Figure S6: Current density-voltage (J-V) characteristics of TQ-3T:Y6. J-V characteristics from -10 V to 2 V of TQ-3T:Y6 (2:1, 1:1 and 1:2, wt/wt) OPDs under AM1.5G illumination and in dark conditions.
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Figure S7: Bias-dependent spectral responsivity. Spectral responsivity of TQ-3T:Y6 (1:1, wt/wt) at -2 V (dashed line) and -10 V (solid line).
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Figure S8: Optoelectronic properties of HTL-free conventional architecture OPD based on TQ-3T:Y6. (a) Energy band diagram of HTL-free conventional architecture TQ-3T:Y6 (1:1, wt/wt) OPD. (b)  J-V characteristics in both dark and light conditions of HTL-free conventional architecture TQ-3T:Y6 (1:1, wt/wt) OPD. (c) Bias-dependent external quantum efficiency (EQE) at -10 V showing PM effect. 
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Figure S9: Optoelectronic properties of HTL-free inverted architecture OPD based on TQ-3T:Y6. (a) Energy band diagram of HTL-free inverted architecture TQ-3T:Y6 (1:1, wt/wt) OPD. (b) J-V characteristics in both dark and light conditions of HTL-free inverted architecture TQ-3T:Y6 (1:1, wt/wt) OPD. (c) Bias-dependent external quantum efficiency (EQE) at -10 V.


[image: ]
Figure S10: ‘hole-only’ OPD based on TQ-3T:Y6 with both PEDOT:PSS and MoOx as transport layers. (a) Energy band diagram of ‘hole-only’ TQ-3T:Y6 (1:1, wt/wt) OPD with both PEDOT:PSS and MoOx as transport layers. (b) J-V characteristics in both dark and light conditions of ‘hole-only’ TQ-3T:Y6 (1:1, wt/wt) OPD. (c) Bias-dependent external quantum efficiency (EQE) at -10 V showing PM effect. 
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Figure S11: Optoelectronic properties of inverted architecture OPDs based on BHJs with TQ-3T as donor and PC71BM and IEICO-4F as acceptors. (a) Energy band diagram of inverted architecture OPDs based on TQ-3T and different acceptors with a different mobility (Supplementary Table S1) compared to Y6 (also shown). (b) J-V characteristics in both dark and light conditions of inverted architecture TQ-3T:IEICO-4F (1:1, wt/wt) OPD. (c) Bias-dependent external quantum efficiency (EQE) of inverted architecture TQ-3T:IEICO-4F (1:1, wt/wt) OPD. (d) J-V characteristics in both dark and light conditions of inverted architecture TQ-3T:PC71BM (1:1, wt/wt) OPD. (c) Bias-dependent external quantum efficiency (EQE) of inverted architecture TQ-3T:PC71BM (1:1, wt/wt) OPD.
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Figure S12: Space-charge-limited-current (SCLC) curves of both hole and electron mobilities. (a) SCLC curve of hole-only mobility in TQ-3T. (b) SCLC curve of electron-only mobility in Y6. The fittings are taken for the same current-voltage region.
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Figure S13: Current density-voltage characteristics of ultrathin flexible TQ-3T:Y6 PM-OPD. J-V characteristics in both dark and light conditions of inverted architecture TQ-3T:Y6 (1:1, wt/wt) OPD, before and after peeling off their temporary glass support.
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Figure S14: Current density-voltage (J-V) characteristics of TQ-3T:Y6 fresh and aged 10 months. J-V characteristics from -10 V to 2 V of TQ-3T:Y6 (1:1, wt/wt) OPDs under AM1.5G illumination and in dark conditions.
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Figure S15: Bias-dependent photoplethysmogram (PPG) waveforms at 780 nm, 940 nm and 1100 nm. (a) Bias-dependent PPG waveform of TQ-3T:Y6 (1:1, wt/wt) based flexible OPD upon 780 nm illumination. (b) Bias-dependent PPG waveform of TQ-3T:Y6 (1:1, wt/wt) based flexible OPD upon 940 nm illumination. (c) Bias-dependent PPG waveform of TQ-3T:Y6 (1:1, wt/wt) based flexible OPD upon 1100 nm illumination.


Supplementary Tables

	OPD
	Jsc (mA cm-2)
	Voc (V)
	FF (%)
	PCE (%)
	Jd (A cm-2) @ -2V

	TQ-3T:Y6 (1:1)
	3.05
	0.16
	29.7
	0.14
	2.7 × 10-4 

	TQ-3T:Y6 (2:1)
	0.82
	0.19
	34.2
	0.04
	1.3 × 10-4

	TQ-3T:Y6 (1:2)
	3.13
	0.14
	27.4
	0.12
	1.2 × 10-3

	TQ-3T:IEICO-4F
	1.41
	0.31
	46.5
	0.20
	2.7 × 10-5

	TQ-3T:PC71BM
	2.35
	0.34
	43.6
	0.35
	1.1 × 10-5

	Flexible TQ-3T:Y6 (1:1) before peeling
	0.83
	0.17
	25.6
	0.04
	1.4 × 10-4

	Flexible TQ-3T:Y6 (1:1) after peeling
	0.49
	0.16
	21.5
	0.01
	1.9 × 10-4



Table S1: Photodiode parameters extracted from J-V curves of OPDs reported in this study. The values are representative of at least 10 devices.


	Acceptor
	e- mobility (cm2/Vm)

	IEICO-4F
	1.15 × 10−4 [2]

	Y6
	1.84 × 10-4

	PC71BM
	~10-3 [3]








Table S2: Electron mobilities of acceptors used in this study. 


	Device architecture
	Spectral range (nm)
	EQE (%)
	Bias (V)
	D* or D*sh (Jones)
	Speed (τr/τf)(ms)
	Refs

	Trap-assisted carrier injection

	ITO/ZnO/P3HT:4Bx/MoOx/Ag
	300-800
	64000
	20
	4.28×1012
	-
	[4]
	ITO/TAPC/AIE:C70/C70/MoOx/C70/BCP/Al
	300-700
	25000
	6
	3.08×1012
	1.69/10
	[5]
	ITO/ZnO/PBDB-T:Y6/MoOx/Ag
	300-1000
	8133
	2
	4.23×1012
	0.02/0.59
	[6]
	ITO/ZnO/PBDB-T:Y6/QDs/Ag
	300-900
	6565
	3
	4.9×1012
	-/0.04
	[7]
	ITO/TAPC/PbPc:C70/C70/MoOx:C70/BCP/Al
	300-1000
	6000
	8
	1×1012
	16.3/33.7
	[8]
	ITO/PEDOT:PSS/Poly-TPD:P3HT:PCBM/ Al
	300-700
	3600
	20
	1×1012
	-
	[9]
	ITO/ZnO/PM6:Y6/CsPbI3 QDs/Ag
	300-900
	2000
	3
	1×1012
	0.00035/-
	[10]
	ITO/ZnO/PCE-10:COTIC-4F:BFDO-4F/MoOx/Ag
	300-1200
	5708
	2.5
	1.13×1012
	2.37/0.58
	[11]
	ITO/ZnxO:D149/PBDB-T:ITIC-Th/e-Zano/Ag
	400-900
	3000
	2
	1.5×1012
	0.03958/0.037614
	[12]
	Blocking-induced band bending

	ITO/ZnO/BHJ/BCP/Ag
	300-1200
	113702
	-2
	5.7×1013
	0.25/1.17
	[13]
	ITO/TAPC/PbPc/HAT-CN/BCP/Al
	300-1000
	5675
	6
	5×1011
	-
	[14]
	Ag/IB/HBL/C60:D6/ETL/Ag
	300-1100
	3000
	9
	1×1013
	-
	[15]
	ITO/HBL/HBL:C60/ZnPc:C60/ HATN-Cl6/Al
	400-900
	1290
	-8
	1.7×1012
	0.022/
0.027
	[16]
	ITO/HBL/C70/TAPC:C70/BCP/Al
	300-800
	122270
	-6
	5.9×1012
	-
	[17]
	ITO/ZnO/BHJ/Bphen/Ag
	600-1400
	660
	-8
	<109
	-/1
	[18]
	ITO/ZnO/TQ-3T:Y6/MoOx/Ag 
	350-1450
	1129
	-10
	1.5×1010
	0.073/
0.076
	This work



Table S3: Summary of key performance parameters of PM-OPDs
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