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Fig. S1. Molecular structures of polymer donor PM6 and small-molecule acceptor Y6.



Fig. S2. Cross-sectional analysis of field emission scanning electron microscopy (FE-SEM) images for different 

thicknesses of the active layer: thickness-controlled ITO/PEDOT:PSS/PM6:Y6.



Fig. S3. Absorbance spectra characteristics of each PM6:Y6 film according to the different thicknesses of the 

PM6:Y6 active layer. 

 



Fig. S4. EQE spectrum comparison of OPDs under each thickness with the reference and the other condition.



Fig. S5  (a) Dark J-V, (b) EQE, (c) responsivity (-0.1 V), (d) detectivity (-0.1 V), characteristics of all PM6:Y6 

OPDs. 



Fig. S6. Reported performance chart of non-fullerene based NIR OPDs.



Figure S7. (a-c) Supplementary topography analysis of atomic force microscopy (AFM) 3D images of the 

PM6:Y6 with different thicknesses: (a) 180 nm, (b) 220 nm, (c) 300 nm.



Figure S8. (a-e) Phase analysis of atomic force microscopy (AFM) images of the PM6:Y6 film depending on 

various thickness. 



Fig. S9. (a-j) Normalized response characteristics of 140 nm PM6:Y6 OPD at 0 V; the frequency measurement 

range is from 0.1 to 1700 kHz. 



Fig. S10. (a-j) Normalized response characteristics of 260 nm PM6:Y6 OPD at 0 V; the frequency measurement 

range is from 0.1 to 1700 kHz. 



Fig. S11. Photoresponse times of thin and thick OPDs.



Table S1. Performance parameters of PM6:Y6-based devices according to active-layer thickness at −0.1 V.

Cell
JD@−0.1 V

（A/cm2）

Rmax @−0.1 V

 (A/W)

D*
max @−0.1 V

(Jones)

140 nm 4.80×10-5 0.498 @760 nm 1.27×1011 @760 nm

180 nm 7.13×10-6 0.519 @770 nm 3.44×1011 @770 nm

220 nm 6.60×10-7 0.566 @800 nm 1.23×1012 @800 nm

260 nm 1.99×10-8 0.512 @830 nm 6.42×1012 @830 nm

300 nm 2.80×10-7 0.452 @840 nm 1.49×1012 @840 nm



Table S2. Comparative performance chart of non-fullerene based NIR OPDs.

`
Jdark

(A/cm2)

D* 

(Jones)
Refs.

ITO/ZnO/P3HT:IDT-BOC/MoO3/Ag
6.3×10-6

(- 0.5 V)

2.1×1011

(-0.5 V & 630 nm)
[1]

ITO/ZnO/PTB7-Th:W1/MoOx/Ag -
4.28×1012

(0 V & 830 nm)
[2]

[3]
ITO/ZnO/PM6:PDTTIC-4F/MoO3/Ag

1.6×10-9

(0 V)

2.44×1013

(0 V & 920 nm)

ITO/PEDOT:PSS/PM6:O4TFIC/Phen-

NaDPO/Ag

8.3×10-5

(-2 V)

9×1011

(0 V & 915 nm)
[4]

ITO/ZnO/PTB7-Th:COTCN2/MoOx/Ag
1.08×10-7

(-0.5 V)

1.18×1012

(-0.5 V & 1000 nm)
[5]

ITO/ZnO/PTB7-Th:COB/MoOx/Ag
2.26×10-7

(-0.5 V)

2.84×1011

(-0.5 V & 915 nm)
[6]

1.99×10-8

(-0.1 V)

6.42×1012

(-0.1 V & 830 nm)
ITO/PEDOT:PSS/PM6:Y6/PDINN/Ag

7.07×10-10

(0 V)

3.35×1013

(0 V & 830 nm)

This work

Thickness

（nm）

Rsh

(KΩ)

Cj

(F)

Shot noise@0V

(AHz-1/2)

Thermal noise

(AHz-1/2)

Total noise @0V

(AHz-1/2)

140 8.77 5.39×10-9 3.36×10-14 1.37×10-12 1.37×10-12

140 14.42 4.65×10-9 1.76×10-14 1.07×10-12 1.07×10-12



Table S3. Impedance-related parameters and noise component analysis of PM6:Y6 devices based on different 

active-layer thicknesses.

260 37.64 2.37×10-9 1.35×10-14 6.61×10-13 6.61×10-13

260 150.33 8.30×10-10 5.82×10-15 3.31×10-13 3.31×10-13



Table S4. Hole-only SCLC parameters of PM6:Y6 devices based on different active-layer thicknesses.

Hole-only devices: ITO/PEDOT:PSS/PM6:Y6 (140 & 260 nm)/MoO3/Ag

Thickness

（nm）

VTFL

（V）

Ntrap

（#cm-3）

140 0.94 2.09×1016

260 0.64 4.13×1015



Table S5. Electron-only SCLC parameters of PM6:Y6 devices based on different active-layer thicknesses.

Electron-only devices: ITO/ZnO/PM6:Y6 (140 & 260 nm)/PDINN/Ag

Thickness

（nm）

VTFL

（V）

Ntrap

（#cm-3）

140 0.86 1.91×1016

260 0.75 4.84×1015
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