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Theoretical study on the tunneling electroresistance effect of hafnium
oxide—based ferroelectric tunnel junctions

YIN Yinting', FANG Henan', MA Xueli', WU Jiangcheng', XIAO Mingwen®

(1. College of Electronic and Optical Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210023,
China; 2. Department of Physics, Nanjing University, Nanjing 210093, China)

Abstract: Since hafnium—oxide—based ferroelectric tunnel junctions are compatible with the standard CMOS process, they
have great application potential in the field of random access memory. The tunneling electroresistance effect in TiN/HZO/Pt
ferroelectric tunnel junctions was rigorously analyzed using the Airy function. The theoretical results indicate that; when the
bias voltage is high, the tunneling conductance and Tunneling Electroresistance Ratio ( TER) will oscillate with both the bias
voltage and the thickness of tunneling layer. Physically, the oscillations originate from the interference between the incident
and reflected electron waves in the tunneling layer. The theoretical analysis indicates the physical mechanism underlying the
experiments in hafnium oxide—based ferroelectric tunnel junctions. In addition, when the bias voltage is applied to the Pt
electrode, there exists negative TER. This phenomenon indicates that the tunneling conductance is not only related to the
average height of the barrier, but also associated with the potential structure of the tunneling layer. The present work provides
a theoretical method for calculating the tunneling electroresistance effect in hafnium oxide — based ferroelectric tunnel
junctions, and lays a theoretical foundation for the applications of hafnium oxide—based ferroelectric tunnel junctions in the

field of random access memory.
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Fig. 1  Schematic structure of the HZO ferroelectric tunnel
junction and the corresponding potential energy profile of the
tunneling direction. (a) The case for the bias voltage being
applied to TiN electrode; (b) The case for the bias voltage
being applied to Pt electrode
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for the case of the bias voltage being applied to TiN electrode
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