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A Hopfield Neural Network Based on Neuron Transistor
and Memristor and Its Application in Associative Memory

ZHU Hang-tao, WANG Li-dan, DUAN Shu-kai, YANG Ting

School of Electronic and Information Engineering/Chongqing Key Laboratory of Nonlinear Circuits and

Intelligent Information Processing, Southweat University , Chongging 400715, China

Abstract: With the development of artificial intelligence, more and more models of neurons have been pro-
posed. The existing neuronal circuits are made of some high power consumption devices such as transistors
and operational amplifiers, which have the disadvantages of complex structure, low integration, poor com-
patibility, high power consumption and difficulty in threshold adjustment. Given this situation, the au-
thors of this paper put forward, for the first time, a novel neuron structure that consists only of a neu-
MOS, memristors and resistances. Compared to the traditional circuits of neurons, this circuit has simpler
structure. It has no differential operational circuits and switching circuits, but has good compatibility, low
power consumption and VLSI application. This structure utilizes the weighted summation and threshold-
controllable features of neo-MOS to simulate the synaptic transmission between neurons, and the thresh-
old characteristics and continuous change of memristance to set and update synaptic weight. The new neu-
ron structure can achieve the function of traditional neuronal circuits, and has the advantages of low power
consumption, threshold control and weight programmability, thus greatly simplifying the network struc-
ture and enhancing network performance. In addition, this paper proposes a novel discrete Hopfield neural
network based on the neuron structure called Mem-Hopfield. That promotes neural morphological system
of neural networks hardware implementation with lower consumption and higher integration. The effec-
tiveness and practicability of the new optimized neural circuit construction is proved further by applying the
Mem-Hopfield neural network in associative memory and color digital image recovery.

Key words: neuMOS; memristor; Hopfield neural network; associative memory
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