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Circularly polarized optoelectronic synaptic diode device based on chiral
organic small molecule materials

HUANG Wei-long, CHEN Hui-peng*
(College of Physics and Information Engineering, Fuzhou University, Fuzhou 350108)

Abstract: With the continuous advancement of digitalization, the complexity of optical signal processing
has increased dramatically. Achieving multifunctional and switchable processing of optical signals on a
single device has become an important research goal. Based on this, we have successfully developed a
photodiode device based on chiral organic small-molecule materials. Under the conditions with negative
or zero voltage, the device can differentiate circularly polarized light signals with different handedness
with a high precision, exhibiting excellent performance in circularly polarized light detection. When
switched to a positive bias state, the device exhibits a charge accumulation phenomenon at the interface

layer, causing a change in the interfacial conductivity and thus generating a synaptic effect. The dual-
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mode switching characteristics of this device break through the limitation of the single-functionality of

traditional optoelectronic devices. Its innovative design combines the optoelectronic synergistic regulation

of chiral materials with synaptic biomimetic mechanisms, providing a multifunctional and integrated

solution for fields such as optical communication, intelligent sensing, and neuromorphic computing. This

device demonstrates the potential in driving the development of next-generation optoelectronic

technologies.

Key words: chiral organic small molecules; photodiode;

synapse; optical communication
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Fig. 1 Device structure and characterization of photodiodes. (a) The device structure of photodiodes and the molecular structure of
PM6 and (S,S)-BTP-4CL. (b) The circular dichroism (CD) spectra of (S,S)-BTP-4Cl and its blend system with PM6. (c) The atomic

force microscope image of the active layer PM6:(S,S)-BTP-4Cl .
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Fig. 2 Working mechanism of photodiode device. (a) The energy level structure of PM6 and (S,S)-BTP-4Cl in the active layer. (b) The
exciton generation and charge separation process of the active layer under left and right circularly polarized light excitation.
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Fig. 3 Different functions achieved by photodiode devices at different voltages. (a) Photodiode devices achieve circularly polarized
light detector function under negative bias voltage, "-1" in the figure represents negative bias voltage; (b) Photodiode devices achieve

circularly polarized light detector function under zero bias voltage, "0" in the figure represents zero bias voltage; (c) Photodiode devices

achieve synaptic function under positive bias, "1" in the figure represents positive bias voltage.
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Fig. 4 Electrical performance of photodiode device. (a) Response current of photodiodes as a function of light intensity. (b) The

rectification characteristic curve of a photodiode device showing the unidirectional conductivity.
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Fig. 5 (a) Schematic diagram of the device for obtaining circularly polarized light and conducting illumination testing. (b) The
response current of the photodiode device generated by the incident light with differnet polarization states of signal.
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Fig. 6 Stability testing of the photodiode device. (a)The response current of the photodiode device under continuous application of 10

light pulses at 0 V; (b)The response current of the photodiode device under continuous application of 10 light pulses at =1 V
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Fig. 7 Electrical performance of photoelectric synapse of photodiode device. (a)Synaptic Excitatory Current (EPSC) of Optoelectronic

Synapses; (b)Double pulse facilitation (PPF) phenomenon in optoelectronic synapses; (c)The photoelectric synapse is stimulated by

multiple light pulses to generate electrical current output.
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