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Fig. 1. Ambipolar two-dimensional (2D) crystals. By applying the external electrical field, the ambipolar 2D crystals

can be dynamically tuned between the (a) p-type and (b) n-type. Panels (c), (d) and (e) are the schematic crystal

structures of the typical ambipolar 2D crystals of the few-layer graphene, WSes and black phosphorus (BP). Panels

(f), (g) and (h) are the transfer characteristics of the corresponding field-effect transistors (FETs).
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Fig. 2. Equipment of the fabrication of van der Waals

heterostructures with a dry transfer method.
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Fig. 3. Dry transfer process of the fabrication of van der Waals heterostructures: (a)—(e), Schematic pro-

cess [411; (f) a van der Waals heterostructure including three layers indicated as (D, @ and 3.
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Fig. 4. Electrical-field-tuned 2D p-n junction: (a) Top, optical microscopy image of the WSes based device; bottom,
Schematic device configuration; (b) Iqs-Vgs curves of the device at the PN, NP, NN and PP state (PN, Vg = —10 V,
Veg =10 V; NP, Vi =10V, Vig = —10 V; NN, Vg = Vig = 10 V; PP, Vg = Vig = —10 V); (c), (d) Iqs-Vas curves

of the device at the PN and NP state in a logarithmic scale

[42]
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Fig. 5. Electrical-field-tuned 2D heterostructured p-n junction (field-effect p-n heterojunction transistor): (a) Schematic
structure of the BP/WSes heterostructure based FET; (b) scanning electron microscopy (SEM) image of the BP/WSea
device; (c) transfer characteristics at different Vpg; (d) Ip-Vpg curves at different gate voltages (Vi) (501,
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negative voltage pulses °2],
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Fig. 8. Field-effect optoelectronic transistor: (a) Schematic of the field-effect optoelectronic (photovoltaic) transistor

(here the light illuminates the channel, and the optoelectronic conversion state is tuned by the gate voltage); (b) Voc-

Vi curve (Voc is the open-circuit voltage); (c) retention performance of the device at different gate voltages;

[50]

(d) switching behavior of the device by alternating the gate voltage .
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SPECIAL TOPIC — Hybrid silicon/graphene and related materials and devices

Novel p-n junctions based on ambipolar two-dimensional
crystals”
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Abstract

Two-dimensional (2D) materials have a unique crystal structure and excellent properties, which renders it possible
to be used to construct novel artificial nanostructures and design novel nanodevices, thereby achieving a breakthrough
in the semiconductor field. In this review paper, the basic behaviors of the ambipolar 2D crystals and the fabrication
method of the van der Waals heterostructures are first introduced. We mainly summarize the applications of the ambipo-
lar 2D crystals for novel electrical-field-tunable 2D p-n junctions and p-n heterojunctions (field-effect p-n heterojunction
transistor) and non-volatile storable p-n junctions, and other aspects of the relevant structural design, electronic and
optoelectronic properties. Then we further introduce their potential applications of logic rectifiers, field-effect optoelec-
tronic transistors, multi-mode non-volatile memories, rectifier memories, optoelectronic memories, photovoltaics, etc.

Finally, we provide an outlook of the future possible studies of this new type of p-n junctions in the relevant fields.

Keywords: two-dimensional crystals, p-n junction, van der Waals heterostructure, electronic and

optoelectronic property
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