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Abstract: Organic photodetectors (OPDs) have garnered significant attention in the fields of biomedical imaging,
environmental monitoring, and optical communication due to their advantages of material diversity, flexibility, and
biocompatibility. However, constrained by the absorption bandgap of organic materials and high dark current, exist-
ing OPDs still face challenges in achieving broadband response and high sensitivity. In this study, we choosed the
ZnPc: Cgy as the active layer, and the interfacial chemical reactions between the ITO anode and the ZnPc¢ hole trans-
port layer were effectively suppressed by introducing an aluminum oxide interface modification layer. Thus, the dark
current density of the device was reduced to 4x107 A/em? and the light-to-dark current density ratio of the device was
increased to 3 500. Furthermore, Raman spectroscopy confirms that there is an intermolecular charge transfer effect
between ZnPc and Cg,, which effectively broaden the response range of the device with stable spectral response char-

acteristics of 375-1 550 nm. After further optimization, the device yielded an external quantum efficiency (EQE) ,
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responsivity (R), and detectivity (D) of 72. 4%, 0.21 A/W, and 4. 05x10" Jones, respectively, at a wavelength of

365 nm. Additionally, the device demonstrated photomultiplication behavior at the wavelengths of 580 nm and 735 nm,
achieving optimal EQE, R, and D’ values of 128.3%, 0.75 A/W, and 1. 44%10" Jones, respectively. This study pro-

vides a new approach for designing high-sensitivity , and broadband organic photodetectors.
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Fig.1 (a)Schematic diagram of the device structure. (b) The molecular structures of ZnPc and Cg. (¢) Energy level diagram of

each layer in the device. (d) Absorption spectra of ZnPc, Cgy and ZnPc:Cg, blend films
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Fig.2

(a)J-V characteristics and (b)transient response (=10 V) of the devices with different thickness of ZnPc HTL under dark

and illumination (660 nm, 1.27 mW/cm?). (¢)J-V characteristics and (d) transient response (=10 V) of the devices with

different thickness of ALLOs interlayer
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Fig.4

(a) J-V characteristics and (b)transient response (—10 V) of the devices with different active layer ratios under dark and

illumination of 660 nm, 1.27 mW/cm?. (¢) Transient response of the optimized device under different illumination wave-

lengthes at =10 V. (d)Raman spectra of ZnPc and ZnPc: Cq films
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Tab. 1 Summary of performances of OPDs based on organic small molecules

Device structure ]D/(A'cm’Z) EQE/@Wavelength, bias RICA-W™)  D'/Jones Ref.
ITO/Cul/PbPc/C, /Al 1.00x107° 35. 1%@900 nm, -6 V 0.25 3.19%10" [24]
ITO/ZnO/m-MTDATA/DPEPO: HATCN/Al 8.27x107° 74. 0% @850 nm, -2V 0.48 9.51x10" [25]
ITO/NdPc,/C, /BCP/AL 1.00x107° 17. 0% @640 nm, ~3 V 0.06 4.46x10°  [26]
ITO/C, /PbPc: C, /PbPc/HATCN/IZO 9.97x10°° 31.3%@970 nm, -3 V 0.24 1.36x10"  [10]
ITO/1a: C((/MoO,/ITO 1.00x1077 51. 8% @560 nm, 3V 0.22 — [27]
ITO/PEDOT: PSS/CuPc/C /Al 1.00x107 9. 0%@380 nm, -2 V 0.03 1.00x10" (28]
ITO/MoO /HATCN/DBP: C, /T2T/BCP/AI 2.29x10™ 53.3%@610 nm, 0 V 0.0026  5.69x10"  [29]
ITO/TAPC/CIAIPC: C, /Bphen/Ag 1. 15%107 74.6%@730 nm, -2 V 0. 44 4.41x10°  [30]
ITO/TAPC: MoO,/NPB: SubPc/BCP/Ag 1.10x10™ 22.8%@530 nm, -5 V 0.09 5.17x107 [11]
ITO/Mo0 /Pentacene/C, /BCP/AI 1.00x10° 56. 0% @360 nm, -2 V 0.17 — [31]
ITO/HAT-CN/TPD/CPD-n: C,/Bphen/Al 1.00x10° 85.0%@530 nm, ~2 V 0.34 2.50x10%  [32]
Ag/HATNA-Cl/BDP-Ome/BPAPF/Ag 1.00x107° 49.3%@770 nm, O V 0.31 1.00x10" [33]
1TO/AL O, /ZnPc/ZnPc: C /Al 1.34x10™" 128.3%@735 nm, -10 V 0.75 1.44x10'"  This work
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