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INTRODUCTION
Electroceramics span paraelectrics and polar dielectrics such as ferroelectrics and piezoelectrics (Damjanovic, 1998; Sebastian et al., 2015). Due to their versatile properties, dielectric ceramics are widely used in telecommunication (e.g., antenna), medical (e.g., sensors and transducers), aerospace (e.g., structural dielectrics) industries, and in almost all electronics (e.g., active and passive components) (Nomura et al., 1994; Abrar et al., 2004; Reaney and Iddles, 2006; Kandi et al., 2015). The compositions and processing methods fundamentally affect the performances of dielectric ceramics. For instance, the ceramic compound determines the dielectric, thermal and mechanical properties (Sebastian et al., 2015). The processing method used to fabricate the ceramics significantly influence the microstructure and thus ferroelectric and piezoelectric properties (Wang et al., 2018). The shaping procedure and sintering temperature also define the applicability, integration capabilities with other components, and cost of the ceramics. This research topic aims to update the research community in terms of the recent advancement of compositional and processing investigations, as well as their influence on relevant properties. In addition, it provides perspectives beyond conventional applications.
COMPOSITIONAL OPTIMIZATION
Wave-transparent ceramics are found significant for the development of space vehicles. Silicon nitride-based ceramics yield favored mechanical and dielectric properties for such an application (Kandi et al., 2015). In this research topic, Chen et al. studied the influence of Si3N4w volume fraction on the microstructure and properties of Si3N4w/Si3N4 ceramic composites. In this work, the researchers prepared the composites via the gel-casting process in combination with the chemical vapor infiltration (CVI). The results show that the Si3N4w/Si3N4 ceramic composites obtained good dielectric properties (dielectric constant 2-4, dielectric loss < 0.005). The composites with 25 vol% Si3N4w exhibited better flexural strength of up to 41.37 MPa compared to counterparts.
Barium titanate has excellent energy storage properties suitable for capacitors, so do its doped compositions (Li et al., 2017). In this research topic, Kavil et al. reported the dielectric properties of a family member of barium titanate, BaZr0.2[Ti(1-x)Mgx/3Ta2x/3]0.8O3 (BZTMT). The ceramics made via the solid-state route showed a considerably large tunability of relative permittivity and dielectric loss (at 1 MHz), ranging from 5,205 to 24 and from 1.8 × 10–2 to 2.0 × 10–5, respectively, with the x value changing from 0 to 1. This was attributed to the shift of the Curie temperature and such a performance may find appropriate applications in filters and resonators.
ULTRA-LOW TEMPERATURE FABRICATION
In recent years, room-temperature densification and cold sintering have been developed to enable the fabrication of electroceramics at ultra-low temperatures (Kähäri et al., 2015; Guo et al., 2019). The advantages of ultra-low temperature (<350°C) fabrications of dielectric ceramics over the conventional high-temperature (usually >1,000°C) sintering include: 1) Significant cost and emission reduction, 2) precise shape control during densification, and 3) improvement of compatibility with other components (e.g., those made from semiconductors, metals and polymers) for co-fabrication of multi-component structures (Guo et al., 2019). In the above ultra-low temperature fabrication methods, a small amount of certain liquid as a transport phase is mixed with the ceramic particles as a body phase to form a solid-liquid core-shell microstructure (Guo et al., 2019; Nelo et al., 2019). The mixture is subject to hundreds of MPa, including ultra-high pressure (>GPa) at contacting points between the particles, and drives grain growth and densification thanks to the lowered activation energy at the transport interfaces.
The room-temperature densification method has been successfully adopted to several compositions to date. Figure 1 schematically explains the microstructure of a room-temperature densified ceramic in which the ceramic body (e.g., BST (Ba0.55Sr0.45)TiO3) form grains and the transport phase (e.g., LMO (Li2MoO4)) form grain boundary areas after stimulating mass transfer between grains/particles at room temperature (Nelo et al., 2019). Such a ceramic-ceramic composite structure is named “upside-down composite”.
[image: Figure 1]FIGURE 1 | Schematic microstructure of a BST-LMO upside-down composite densified at room temperature. Reproduced with permission (Nelo et al., 2019). Open access under the CC BY-NC-ND license.
In this research topic, Kuzmic et al. applied this method to the SrTiO3 (ST)-LMO upside-down composites. As a result of the sufficient binding provided by the LMO, relative densities of 76–84% were achieved for the ST-LMO ceramics. Factors affecting the microstructure, such as particle size distribution, pressure, pressing time, ultrasonic treatment, drying time and other processing conditions, were studied and optimized in order to improve the functional properties. Relative permittivity of 65–78 and dielectric loss of 0.002–0.05 that can be useful in electroceramics industry were obtained.
Cold sintering is an alternative to the method of room-temperature densification for dielectric ceramics (Guo et al., 2019). By slightly increasing the fabrication temperature, the densification level may be further improved. In this research topic, Madhuri et al. (2021) used the cold sintering method to fabricate the (1-x)NaCa2Mg2V3O12-xNaCl ceramics. Relative densities of 80–94% were achieved under the densification conditions of 200°C and 450 MPa. The relative permittivity of ∼7 and a reasonably high microwave quality factor of 5,000–13,830 GHz were obtained with the x values of 0.4–0.7.
PHOTORESPONSIVE PIEZOELECTRICS
Dielectric ceramics showing ferroelectric and piezoelectric properties broaden the applications toward sensors, actuators, transducers and energy harvesters that offer the functions of electromechanical and electro-thermal coupling. This is a cornerstone of modern electronics. Most conventional piezoelectric materials do not respond to visible light due to their large optical band gaps. Reducing the band gap while maintaining the excellent piezoelectric properties has become a future direction in the research community. The newly developed photoresponsive piezoelectrics exhibiting electro-optical coupling functions in addition to the electromechanical and electro-thermal ones can be potentially used in opto-electrical dual-source actuators, single-material multi-sensors and multi-source energy harvesters. In this research topic, Bai summarized the recent development of narrow band gap piezoelectrics and provided the perspectives of this emerging field in a mini-review.
In summary, with the articles published in this research topic, the readers will understand some new research trends in dielectric and piezoelectric ceramics that may result in industrial advancement and renewal of electroceramics and electronics.
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