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Theoretical and Experimental Research on Novel 2D Ferroelectric Materials
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In response to the limitations of traditional perovskite oxide ferroelectric materials on the issue
of critical thickness and incompatibility with existing silicon based CMOS processes, we have
developed a series of new two-dimensional functional ferroelectric and antiferroelectric materials,
such as dIT phase MoTe2, B’ Phase In2Se3 and FeP Phase In2Se3. Based on these new
two-dimensional ferroelectric materials, we theoretically designed several new types of ferroelectric
tunnel junction devices with novel quantum magnetoelectric effect. We found that by combining the
ferromagnetic metal Ni with the two-dimensional material BN/ In2Se3 heterostructure, a
multiferroic tunnel junction can be constructed, realizing the 4188% giant resistance effect
modulated by ferroelectric polarization, and the 581% tunneling magnetoresistance effect can be
achieved by using the spin filtering effect of the two-dimensional material heterostructure.
Simultaneously, the combination of ferromagnetic and ferroelectric degrees of freedom can achieve
magnetoelectric polymorphic storage; We theoretically further utilize the barrier enhancement at the
domain walls of the antiferroelectric B’ In2Se3. A two-dimensional neutral ferroelectric domain wall
tunnel junction device based on two-dimensional antiferroelectric materials is proposed, which can
achieve multiple resistance states storage through manipulating the number of domain walls. Finally,
we conducted large-scale and high-quality chemical vapor deposition synthesis of two-dimensional
ferroelectric In2Se3 materials in experiments, and prepared prototype two-terminal devices and
characterized its magnetoelectric properties to explore the photoelectric and electronic transport
behaviors of these new two-dimensional ferroelectric materials. The results show that the
ferroelectric diode effect can be realized by the electrostatic doping of the energy band of
two-dimensional ferroelectric semiconductor In2Se3 by ferroelectric polarization, which will
provide new ideas for the application of new two-dimensional ferroelectric materials in the future.
Keywords: two-dimensional ferroelectric materials, In2Se3; Domain walls, Ferroelectric tunneling
junction
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Two-dimensional electronic devices towards intelligent vision sensors
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Artificial intelligence technology has become the core driving force for the new round of
technological and industrial revolutions in the information age. After more than 70 years of
development, the performance potential given by the von Neumann architecture has almost reached
its limit. With the physical limit of size reduction faced by Moore's law, the progress of integrated
process nodes has slowed down, which further magnifies the problems faced by the von Neumann
architecture, such as low intelligence, high energy consumption, and low fault tolerance. Exploring
new computing architectures and intelligent electronic devices has become the focus of attention.

Due to the weak Van der Waals force between the layers of two-dimensional layered materials,
the heterostructure construction is not limited by the interface lattice, polarity, thermal expansion
coefficient and other physical mismatches. It can realize the heterostructure construction of any kind
of materials, different stacking sequences, different stacking angles and thicknesses, showing unique
physical properties and potential in building new structural devices.

In this report, I will focus on our research progress in new structure electronic devices based on
two-dimensional materials in recent two years, including two-dimensional ferroelectric
semiconductor sensing computing integrated devices and memristor devices.

Keywords: Ferroelectric semiconductor, neuromorphic device, computing in sensor, Memristor
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