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Abstract 

The piezo-photonic effect is the coupling between piezoelectric properties and 

photoexcitation, where the strain-induced piezopotential modulates/controls the relevant optical 

process. Specifically, metal ions as activators are capable of responding to the photoexcitation 

properties and subsequently emitting light as also called mechanoluminescence in general and 

piezoluminescence especially for piezoelectrics. Such phenomena are very helpful for our 

understanding the fundamentals of materials and conceiving widespread device applications. In 

this article, we will briefly introduce physical mechanisms of piezo-photonics including 

piezoluminescence. Some host materials and metal-ion activators will be described for 

demonstrating piezo-photonic effect. We will provide a unified profile and recent prototypical 

demonstrations of light-emission trigged by various mechanical stimuli. The devices based on 

these materials offer the advantages of remote detection, nondestructive analysis and repeatability, 

hence they are promising candidates for applications in stress sensing, structural health diagnosis, 

3D handwriting, magnetic-optical sensor, energy harvester, biomedicine, novel light source and 

display.    
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Introduction  

Many emerging applications require advanced photonics and optoelectronics to be directly 

triggered and/or tuned by mechanical inputs from their environment. Some inorganic or organic 

materials exhibit light emission when an external mechanical stimulus is applied, termed as 

mechanoluminescence (ML). Xu firstly reported intense and reproducible luminescence during 

exposure of certain material to mechanical stimuli including ZnS:Mn2+ and SrAl2O4:Eu2+, and 

introduced the principles and applications of hybrid inorganic/organic composites and related 

sensors or sensitive artificial skin1,2. Wang introduced the field of piezo-photonics in 

semiconductors, which regarded as a two-way coupling of piezoelectric-photoexcitation.3,4 

Therefore, metal ions as activators in ML may serve for demonstrating piezo-photonic effect since 

they are capable of responding to photoexcitation properties and subsequently emitting light.  

It is known that luminescence is a phenomenon in which the excitation energy of a substance 

excited by external energy is given off as photon, resulting in the form of light emission. One may 

classify luminescence according to the excitation sources. Typically, photoluminescence (PL) is 

stimulated by photon energy while electroluminescence (EL) is by triggered by electric field, and 

so on. The PL and EL based materials are extensively applied to display system, light-emitting 

diode (LED), solid-state lighting and biomedicine.5,6 The most useful form of ML is 

elasticoluminescence (ESL) developed by Xu’s group, also called piezoluminescence for 

piezoelectric material has attracted considerable attention because it can be repeatedly used for 

mechano-optical conversion. ESL materials and devices offer the advantages of wireless detection 

and nondestructive analysis, making it a promising candidate for various applications, such as 

stress sensing and damage diagnosis.7-12 Here, we will first introduce the physical mechanisms of 

piezo-photonics, followed by the relevant materials considerations and processing. We will review 

the development of recent prototypical demonstrations and applications. Finally, a brief summary 

and perspective on the piezo-photonics will be outlined. 

 

Fundamental principle and materials considerations 

Piezo-photonic effect is a two-way coupling between piezoelectricity and photoexcitation 

properties as shown in Figure 1a.13 The piezo-photonic effect is to use the piezopotential to tune 

the energy band, carrier detrap and recombination, and hence induce photon process, such as light 
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emission. Apart from the two-way coupling effect, the coupling between other external stimuli and 

piezophotonic effect may lead to more physical effects. As an example, magnetic-induced 

luminescence (MIL) as shown in Figure 1a can be observed via strain-mediated coupling, which 

will be described in subsequent section. Figure 1b shows commonly used luminescent ions in a 

periodic table.5 In order to realize piezo-photonic effect, two classes of metal ions are mainly used 

as activators for piezophotonics, namely, lanthanide (Ln) ions and transition metal (TM) ions. The 

luminescence of Ln and TM ions doped phosphors can cover a broad optical spectral range, 

including UV, visible, and infrared regions.5 Ln ions, including Pr3+, Sm3+, co-doped Ce3+ and 

Ho3+, and Eu2+ have been used in ESL phosphors.8,10, 14-16 Because of the larger spatial extension 

of the spectroscopically active d electrons, the energy level structures of TM ions are sensitive to 

their coordination environment associated with external perturbations, such as mechanical strain. 

Up to now, TM ions such as Mn2+, Cu, and co-doped Mn2+ and Cu have been used by different 

groups.11,13,17-20 As a typical example of ZnS:Mn, the fundamental principle of the light emission 

under mechanical stress is shown in Figure 1c. The imposed stress gives rise to piezopotential in 

wurtzite-structured ZnS, which tilts the bands of ZnS. Then, the detrapped electrons at the defect 

states can escape to the conduction band, followed with the recombination of electrons and holes 

nonradiatively. The released energy excites the Mn2+ dopant ions, and photon emission occurs 

when the excited Mn2+ ions return to the ground state.20,21 Currently, luminescent metal ion-doped 

hosts have been fabricated in different forms, including crystal, powders, nanowires, nanoparticles 

and thin films. Figure 1d displays the ultrasonic-, impact-, tribo- and compress-luminescence of 

CaZnOS:Mn2+ polymer films under different kinds of stress excitation.11 Hao’s group developed 

a method of controllable piezoelectric-induced strain from Pb(Mg1/3Nb2/3)0.7Ti0.3O3 (PMN-PT), 

which has firstly been used for piezo-photonics research field. With the novel technique, dual-

mode emissions can be generated and modulated precisely (Figure 1e).17  

 

Recent prototypical demonstrations and applications 

Recently, there is a great trend to apply piezo-photonic materials to demonstrate interesting 

multifunctional applications. This section will briefly describe some latest research examples in 

this field. Generally, it is still difficult to predict and quantify the risk level for microstrains below 

100 μst using conventional ESL materials. Therefore, it is important to develop novel materials 
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with thresholdless high sensitivity and quantify emission intensity for microstrains. Recently, Xu’s 

group found the high-performance piezo multifunctional material that exhibits both 

piezoelectricity and efficient luminescence.10 The study was performed by doping lanthanide Pr3+ 

ions into the LiNbO3 host. By precisely tuning the Li/Nb ratio in nonstoichiometric LiNbO3:Pr3+, 

a material that exhibits a high luminescence intensity. Figure 2a shows the light emission of the 

Li1.00NbO3:Pr3+ sheet during tensile strain tests. Particularly, LiNbO3:Pr3+ shows excellent strain 

sensitivity at the lowest strain level, with no threshold for stress sensing. These multipiezo 

properties are very useful for multifunctional device applications. As aforementioned, it is 

interesting that piezoelectric PMN-PT actuator is utilized to produce piezopotential occurred in 

the materials and then demonstrate piezo-photonic effect. Further to the earlier study on proving 

piezo-photonic effect by this strategy,17 Hao’s group further developed composite based hybrid 

devices and they are capable of sensing different types of external stimuli, including electric field, 

uniaxial strains of stretch and mechanical writing, and piezoelectric biaxial strain (Figure 2b).22 

Furthermore, Zhang et al. recently presented addressable and color-tunable piezo-photonic light-

emitting stripes by replacing PMN-PT crystal with piezoelectric films. Each actuator can be 

manipulated independently, offering an opportunity to control of the light emission in single 

pixel.23 Interestingly, Pan’s group demonstrated the pressure sensor matrix composed of the 

ZnS:Mn based polymer layers.20,24 Figure 2c shows the schematic of the pressure mapping process 

by piezo-photonic effect.24 The dynamic pressure mapping device promises prospective 

applications in real-time pressure sensing and 3D handwriting.   

Apart from the above stress-optical sensing, the relevant materials have been explored to 

apply in other emerging applications.25 As shown in Figure 3a, Xu’s group first attempted to use 

ML light source for a fluorescent probe molecule in bioimaging and phototherapy, even in the dark 

biotissues.26 The light source induced by ultrasonic wave is also demonstrated for a photo-

activation of TiO2 photo catalyst.27  Jeong et al report a wind-driven device which is capable of  

emitting warm/neutral/cool white light from Cu doped ZnS based composites.19 Such novel 

displays/lighting systems could pave the way to new environmentally friendly lights, which reduce 

energy waste and promote sustainability (Figure 3b). Compared to PL and EL, the realization of 

light-emission stimulated by magnetic field faces a great challenge and hence the phenomenon of 

intrinsic MIL is extremely rare. Hao’s group firstly proposed a strategy to observe MIL by coupling 

magnetic effect to piezophotonic effect,13,28 as shown in Figure 1a. Most recently, remote and 
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temporal tuning of luminescence are also demonstrated, achieving proof-of-concept devices 

including tunable white-light and red-green-blue full-color displays, as shown in Figure 3c. 29   

 

Conclusion 

Piezo-photonics has attracted much attention because it may find broad applications in 

mechano-optical conversion, structural health diagnosis, nondestructive analysis, novel light 

sources and displays. By manipulating the strain and piezopotential of the composite phosphors, 

many devices could be conceived and made based on the principle of piezo-photonics. Despite 

encouraged progress, there are still many issues to be addressed. It is vital to investigate the effects 

of piezopotential on optical processes deeply. Although the coupling between piezoelectricity and 

photonexcitation in the existing materials promises device characteristics, it is essential to 

understand generalized energy conversion mechanism and then enhance energy gain in diverse 

systems.1,7,30 Considering their superior flexibility and mechanical strength, optical properties in 

new 2D piezo-optical materials are expected to become increasingly important in developing 

ultrathin and flexible devices.31-35 Lastly, the experimental methods and protocols should be 

developed to suit for characterizing piezo-photonic effect and quantifying the properties of 

relevant materials and device systems.     
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Figure Captions 

 

Figure 1 (a) Schematic showing the coupling on the basis of piezo-photonics and magnetic-
induced luminescence.13 (b) Metal-ions in piezo-photonics materials.5 (c) Energy diagram showing 
piezo-photonic effect initiated luminescence.20 (d) Ultrasonic-, impact-, tribo- and compress-
luminescence of CaZnOS:Mn2+ polymer films.11 (e) PMN-PT used for piezophotonics to generate 
dual-mode emissions.17 

 

Figure 2 (a) ML response of the LiNbO3:Pr3+ sheet. The inset shows the ML response of the sheet 
in the strain range from 0 to 300 μst.9 (b) Composite phosphors and devices sensing different types 
of external stimuli.22 (c) Schematic of the pressure mapping process by piezo-photonic effect.24 

 

Figure 3 (a) ML light source for a fluorescent probe molecule in potential biological application.26 
(b) Wind-driven displays/lighting from ZnS:Cu based composites.19 (c) Full-color display by 
temporal and remote tuning of piezo-photonic-effect-induced color gamut from piezophosphor 
(ZnS: Al, Cu) coupled with other phosphors (YAG: Ce and (Cax,Sr1-x)S:Eu).29  
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