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Abstract: With the rapid development of the information age, higher demands have been placed on the selection of
optoelectronic materials and the development of new functionalities in microelectronic devices. Traditional optoelec-
tronic devices mostly rely on the positive photoconductive effect, where the conductivity of semiconductor materials
increases under illumination, for functional design. In recent years, another anomalous photoconductive effect called
negative photoconductivity(NPC) has been discovered. NPC refers to a decrease in conductivity under light illumina-
tion and has attracted attention due to its potential applications in photoelectric detection, logic device, neuromor-
phic devices, and low-power non-volatile memory. The mechanisms responsible for NPC generally include carrier
trapping, adsorption-desorption of surface molecules, surface plasmon polaritons, localized surface plasmon reso-
nances, and photo-radiative heating effects. This article discusses in detail the physical mechanisms of NPC in differ-
ent optoelectronic devices, analyzes the influence of material selection, device structure design, and band structure
variations on NPC effects in different heterojunction devices, and summarizes the practical applications of negative
photoconductivity in optoelectronic devices. This provides an important reference for performance optimization of op-
toelectronic devices and the design of new types of optoelectronic devices, laying a scientific foundation for achieving
smaller size, higher optical gain, faster speed, and lower power consumption of future heterojunction optoelectronic

information devices.
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Fig.1 Schematic illustrations for the InAs NW phototransistor photoresponse mechanism
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Fig.2 (a) Device under irradiation causing O, desorption. (b) I, drain current subjected to switching light pulses (30 mW/

mm*)"**, (¢) Theoretical models of the interaction process of the InAs NW with water molecules and oxygen molecules in
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Fig.4 Schematics for the decrease in conductivity of the channel region due to Joule heating( (a)—(b) ) and the combined ef-
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Joule heating and the corresponding decrease in the current in the channel region (inset: equivalent resistive circuit of the

device) of the photodetector. (f) Experimental observation of the decrease and increase in current when the light is turned

on and off, respectively, from the photodetector ™’
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Fig.5 (a)Photograph of flexible BP FETs attached on a transparent PET handling substrate in its bending state and the enlarged

view of the flexible BP FET structure. (b) Transfer characteristics of a BP FET fabricated on polyimide film measured in

the dark and under laser illumination(A = 830 nm). The inset shows the cross section of the device structure. (c)Photo-

switching behavior of the flexible BP FET measured at Vps = 0.2 V and Vs = =5 V showing a negative photocurrent .

(d)Schematic diagram of the GeS core sulfur-rich shell and time-response curve under 405 nm illumination at Vg =3 V
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Fig.6  The diagrams and outputs of NOT logic gate (a) and TERNARY logic gate (b)""". (¢) The optical logical “1” and “0”

states are defined as light on and off, respectively. The outputs diagrams of optical logical “1” and “0” states, respective-

ly. (d)The photocontrolled electric logical “NOR” "’
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(a)Schematic illustration of the human visual system. (b) Demonstration of the kernel array network. (¢) Functions of vi-

sual processing based on the hardware kernel. (d) Experimental and simulation results of the hardware kernel operation.

(e) Schematic illustration of the neural network for classification and recognition. (f ) The recognition rate of the neural

network evaluated with and without hardware kernels"””’. (g) Synaptic phototransistor. (h) = (i) Schematic illustration of

two T-shaped illumination patterns onto a 3X3 optoelectronic synapse device grid consisting of linearly polarized light in

(h) the same(pattern“T”) as well as (i) mixed polarization direction( pattern“I”)!*!
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Tab. 1 Comparison of performance of optoelectronic devices based on PPC/NPC and their application
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W 137 5 ‘ i 5%
ZESs il "y Wi J37 5 T / W . i [ / PPC i -
nm Ii
NPC M Ji 3% M Ji 3% L2 Zd
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' photothermal heating
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: 3%10° A/W
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