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Fig. 1. Polarity modulation of WSe, FETs: (a) Comparative optical micrographs of Pd-contact and Cr-contact WSe, devices before

and after annealing. The electrode-proximal channel zones in Pd-WSe, and Cr-WSe, devices are labeled as regions [, II, Il and IV

before and after annealing states, respectively, the scale bar is 1 pm. (b) Raman spectrum characterization results of the correspond-

ing regions “ I —IV” marked in Figure (a). Transfer characteristic curves of back-gated WSe, FETs with Pd contact (c¢) and Cr con-

tact (d) before and after annealing, measured at Vg, of 3 V, and the insets illustrate the schematics of device structures.
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Fig. 2. Monolithic integration and electrical characteristics of WSey-based complementary FETs: (a) Schematic of the integrated
complementary FETs on a single WSe, flake, the annealed Pd-WSe, FET serves as p-FET and the Cr-WSe, FET functions as n-
FET; (b) transfer characteristic curves of the p-FET (red curve) and n-FET (blue curve), the applied Vg are -1 V and 1V, re-
spectively; output characteristic curves of the p-FET (c) and n-FET (d), the V, swept from 0 to 2.5 V with step increments of

0.5 V, and the applied V; are 3 and 0 V, respectively.
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Fig. 3. Construction and electrical characteristics of complementary logic inverter based on WSe, FETs: (a) Circuit diagram of the

complementary logic inverter composed of p-FET and n-FET connected in series; (b) voltage transfer characteristic curves of invert-

er, the applied V4 range from 1 to 2.5 V with step increments of 0.5 V; (c) voltage gain extracted from the voltage transfer charac-

teristic curves of the inverter; (d) butterfly voltage transfer characteristic curves of WSe, inverter at applied Vg4 of 2.5 V.
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SPECIAL TOPIC—2D materials and future information devices*COVER ARTICLE

One-step-annealing-process constructed WSe,
complementary transistors”
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3) (Institute of Interdisciplinary Physical Sciences, School of Physics, Nanging University of
Science and Technology, Nanjing 210094, China)

( Received 18 May 2025; revised manuscript received 5 June 2025 )

Abstract

Two-dimensional (2D) semiconductor materials exhibit tremendous potential for post-Moore integrated
circuits due to their unique physical properties and superior electrical characteristics. However, critical
challenges in polarity modulation and complementary integration have significantly hindered the practical
applications of 2D materials. The development of compatible polarity-modulation techniques has emerged as a
critical step in achieving device functional integration for constructing 2D materials-based complementary
circuits. This study innovatively proposes a one-step-annealing-driven polarity-modulation strategy for 2D
semiconductors. It is demonstrated in this study that the conduction behavior of Pd-contacted WSe, transistors
transitions from n-type to p-type dominance after annealing, while Cr-contacted devices maintain n-type

dominance. Based on this polarity-modulation strategy, by selectively fabricating source and drain electrodes
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with different metal materials (Pd and Cr) on the same WSe,, combined with a one-step annealing process, the
monolithic integration of complementary transistors is achieved, thereby realizing inverter function through
device interconnection. The fabricated inverters exhibit a high voltage gain of 23 and a total noise margin of
2.3 V(0.92 V4q) at an applied Vyq of 2.5 V. This work not only establishes a novel technical pathway for
polarity modulation in 2D materials but also provides crucial technological support for developing 2D

semiconductor-based complementary logic circuits.
Keywords: tungsten diselenide, polarity modulation, complementary transistors
PACS: 85.30.Tv, 72.80.Ga, 85.30.Pq, 85.30.De DOI: 10.7498/aps.74.20250648

CSTR: 32037.14.aps.74.20250648
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