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Innovative Design and Precision Characterization: Unleashing the Potential of Next-Gen
Piezoelectric Thin Films for High-Speed Wireless Communication

As the world enters the era of 5G wireless network, the critical role of high-speed wireless
communications is more important than ever to enable exciting applications such as autonomous
vehicles, virtual reality, and Internet of Things (loT). The key device that controls the speed of
wireless data transfer is the radio frequency filters, among which acoustic wave based filter is the
best product with small footprint and low cost. To achieve high speed wireless data transfer,
piezoelectric thin films with higher electromechanical coupling coefficients are desired. In this
project, thin films with much higher coupling coefficients than the current market products will be
developed. This will serve as the hardware foundation for high-speed wireless network for 5G and
loT.

This project aims to develop high-performance piezoelectric thin films (NaNbOs) as shown in Fig.
1 for next generation wideband acoustic filters via combining innovative thin-film design with
atomic-resolved structural characterization. We will design novel nanostructures and crystalline
phases, grow high-quality NaNbOs thin films, and subsequently fabricate acoustic resonator
devices using photolithography and etching methods. The growth condition will be further
optimized by the performance of the devices that is evaluated by acoustic filter tests. To
understand the fundamental mechanism of macroscopic performance, we will carry out a
systematic study of the structure and electronic properties of the thin films using 4D STEM (Fig.
2) and directly image the polarization, electric field and charge density distribution with atomic
resolution. Combining in-situ TEM, the dynamic behaviors of nanostructures in the devices,
including the nucleation and growth of domains during switching under applied electrical field or
mechanical stress will be fully characterized. By leveraging world-leading expertise in the fields
and the state-of-the-art research facilities, oxide Growth Facility at the A*STAR and electron
microscopy RTP at the University of Warwick, our goal is to perform cutting-edge research and
exploit the developments in next generation piezoelectric thin films for high-speed wireless
communications.
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Fig. 1 Atomic Structure of NaNbOj thin film[1] Fig. 2 4D-STEM imaging [3] and the polarization
mapping of BiFeO3[2,4]
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