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Figure 1 Schematic structure of normal device (a) and inverted device (b) chemical structure of P3HT (c) and PC,;;BM (d);
Normalized film absorption profiles (e) and solution absorption profiles (f) of P3HT and PC,;BM.

(@) 0.4 (b) 1.2
—0V —1V —0V — 1V
—— 5V —-5V
0.3} 0.9}
x
— k-]
g S
<02t 506}
x E
[=]
=z
01} 0.3}
1 L 0 1 1
400 600 800 400 600 800

Wavelength (nm) Wavelength (nm)

2 R P3HT ¥ N 20 mg/mL. P3HT 5 PC,,BM Fim b 1 1 1 FITRA AW LA 1000 r/min 3 HET 120 s B EAERT
] 46 IR A AF AW S (a) ATV —ALMA R (b).
Figure 2 The response sensitivity (a) and normalized response sensitivity (b) of the normal device prepared by using a 20 mg/mL
P3HT solution and a P3HT-to-PC;;BM mass ratio of 1 : 1, and conducting a 120 s coating operation at a rotational speed of
1000 r/min.
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Figure 3 The response sensitivity (a) and normalized response sensitivity (b) of the normal device prepared by using a
20 mg/mL P3HT solution and a P3HT-to-PC,;BM mass ratio of 1 : 1, and conducting a 30 s coating operation at a rotational
speed of 1000 r/min.
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Figure 4 The response sensitivity (a) and normalized response sensitivity (b) of the normal device prepared by using a
40 mg/mL P3HT solution and a P3HT-to-PC,;BM mass ratio of 1 : 1, and conducting a 30 s coating operation at a rotational

speed of 500 r/min.
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Figure 5 The responsivity (a) and normalized responsivity (b) of the inverted device prepared by coating with a mixed
solution of P3HT concentration of 40 mg/mL and a mass ratio of P3HT to PC;;BM of 1 : 1, using ZnO/PFN-Br as the
electron transport layer at a rotational speed of 500 r/min for 30 s.
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Figure 6 The responsivity (a) and normalized responsivity (b) of the inverted device prepared by using ZnO/PFN-Br as the
electron transport layer in a mixed solution with P3HT concentration of 40 mg/mL and P3HT to PC;;BM mass ratio of 100 : 1
at a speed of 500 r/min for 30 s coating operation.
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Figure 7 Responsivity (a) and normalized responsivity (b) of the inverted device prepared by using a mixture of P3HT
concentration of 40 mg/mL and P3HT to PC,;;BM mass ratio of 1 : 1, using PEIE as electron transport layer for 30 s coating

operation at 500 r/min speed.
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Figure 8 The responsivity (a) and normalized responsivity (b) of the inverted device prepared by using ZnO as the electron
transport layer in a mixed solution with P3HT concentration of 40 mg/mL and P3HT to PC,;BM mass ratio of 1 : 1 at a speed
of 500 r/min for 30 s.
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Figure 9 Responsivity (a) and normalized responsivity (b) of the inverted device prepared with P3HT concentration of 40 mg/mL
and P3HT to PC;;BM mass ratio of 1 : 1, using PNF-Br as electron transport layer for 30 s coating operation at 500 r/min

speed.

A R P A s X i 7 2 3 AT A 2 1 1A 4 1) ik
FEb, B ma SR R E LM R R B IR
A PEAEAS R e N A i BE AR E M, AT
ol A S -1 V2B -5V, FI-5ViE
AREE-1 Vo fEEEARTE, XA R T )
Fe A N HEAT NG, SR 10 Fro, e
Wi S JEE T 24 B A A vy, AR LA i R AT
B4 Fg i B BB, R AL S SO A R G
Ko

5 & &

AT T — R A S A
PERE OPD Wil Sems, @it Wisis 2R
R R RS 2RI L. 5l AASH ETL
MR, RSS2 T OPD Wi N B ) 3E 28 11 P 42
TERAESRME T, SRAE-3 V 5 T UG {5 M B %
A 1.2 A/W,  [RIEAS [A) f R T e B HE I 35 1Y)
ALtk MR, R IZAS G AT AR IRE. B
YR T SE R 4E IS5 B . AR
T B — A LRI 25 5 0 B Ak O B R G it

0.2
—— -1V before bias change
—— -1V after bias change
§0.1
'q
0

460 660 800
Wavelength (nm)
B 10 fEMHFRERE T, RHP3HTHKE A 40 mg/mL.
P3HT 5 PC, BM G &Ly 1 © 1 (R &AW, L PNF-Br N
ETL, 7£500 r/min % # N 1T 30 s iR #RAF P % S0
M 7 R ] A
Figure 10 Under the same bias voltage, using a mixed
solution of P3HT with a concentration of 40 mg/mL and a
mass ratio of P3HT to PC71BM of 1 © 1, with PNF-Br as
the electron transport layer, and conducting a 30 s coating
operation at a rotational speed of 500 r/min, the

reproducibility of the response rate of the fabricated device.
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Study on Nonlinear Responsivity Modulation and Performance
Optimization of Organic Photodetectors

QIN Hao, LI Guang-hui*, CHEN Yong-sheng
(Institute of Polymer Chemistry, College of Chemistry, Key Laboratory of Functional Polymer Materials,
Nankai University, Tianjin 300071, China)

Abstract With the widespread application of spectral information in fields such as environmental monitoring,
biomedical diagnostics, and intelligent terminals, the development of miniaturized, high-performance
spectrometers has become a research hotspot. Computational spectral reconstruction-based spectrometers provide
an effective approach to overcoming the limitations of traditional spectrometers in terms of size and resolution.
High-responsivity photodetectors with tunable nonlinear response characteristics are key to enabling this
technology. In this study, an organic photodetector (OPD) based on a bulk heterojunction of poly
(3-hexylthiophene) (P3HT) and [6, 6]-phenyl-C;;-butyric acid methyl ester (PC;BM) was developed. By
systematically tuning the active layer thickness, device architecture, donor-to-acceptor ratio, and electron
transport layer composition, the responsivity and nonlinear response characteristics of the device were
significantly enhanced. the designed device exhibited pronounced nonlinear response behavior under various bias,
with a peak responsivity of up to 1.2 A/W. The normalized responsivity curves under different bias voltages
showed evident non-overlapping trends. These results provided a solid device-level foundation for spectral
reconstruction using a single detector, demonstrating the great potential of organic photodetectors in miniaturized
and intelligent spectroscopic systems.

Keywords Organic photodetector, Bias regulation, Nonlinear regulation
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