
PTu3E.2.pdf The International Photonics and Optoelectronics Meeting
(POEM) 2019 © OSA 2019

Piezophotonics of the heterostructures and optoelectronic 
devices from layered III-VI semiconductors 

Jianhua Hao  
Department of Applied Physics, The Hong Kong Polytechnic University 

Hung Hom, Hong Kong, P. R. China 
e-mail address: jh.hao@polyu.edu.hk 

Abstract: Piezophotonic effect can be dynamically tuned in real time. Additionally, my group has 
demonstrated phototransistors based on wafer-scale 2D III-VI thin-films. These studies offer 
an opportunity to develop optoelectronic and energy devices. © 2019 The Author(s) 
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1. Introduction

The piezophotonic effect is the coupling between piezoelectric properties and photoexcitation, where strain-induced 
piezopotential modulates and controls the relevant optical process. Many emerging photonics and optoelectronics 
applications require them to be directly triggered or tuned by mechanical inputs from their environment. For this 
purpose, metal ions as activators are capable of responding to photoexcitation and subsequent emission of light. 
Wang coined the field of piezophotonics in semiconductors, regarded as a two-way coupling of piezoelectric-
photoexcitation [1,2]. Therefore, metal ions as activators may serve for demonstrating the piezophotonic effect since 
they are capable of responding to photoexcitation and subsequently emitting light [3]. Typically, photoluminescence 
(PL) is stimulated by photon energy while electroluminescence (EL) is triggered by an electric field. PL- and EL-
based materials have been extensively applied in display systems, light-emitting diodes (LEDs), solid state lighting, 
and biomedicine [4-7]. It is noted that the progress in this field combined with the assembly and characterization of 
nanostructural materials based hybrid structures leads to exciting opportunities ranging from fundamental studies of 
piezoelectric semiconductors at nanoscale to improving conventional optoelectronic devices and conceiving novel 
nanoopto-electro-mechnical systems. Specifically, 2D III-VI compounds in the two main categories of MX (e.g., 
InSe, InS, GaSe, and GaS) and M2X3 (e.g., In2Se3 and In2S3) have recently attracted much attention due to their 
remarkable properties and promises in optoelectronic device applications [8]. III-VI compounds have also been 
predicted to show strong piezoelectric responses because of their non-centrosymmetrical crystal structure. 
Therefore, it is anticipated to demonstrate novel opto-electro-mechanical devices towards adaptive and active 
optoelectronics based on 2D III-VI compound heterostructures. 

2. Results and discussion

1.1. Temporal Piezophotonics

In our design, poly(dimethylsiloxane) (PDMS) is chosen as a matrix for packaging a flexible laminated composite, 
and also functions as delivering the generated strain. The composite was fabricated with integration of one layer 
embedding soft ferromagnetic particles into PDMS, generating magnetostrictive strain under a magnetic field. This 
magnetostrictive strain then triggers the adjacent PDMS layer embedded in the ZnS piezophosphor doped with 
various metal ions (e.g., Al, Cu) to produce light emission. 

We have provided an evidence of tuning emission peak wavelength and color of various composites by modulating 
the frequency of the excitation [9,10]. Some proof-of concept devices, including red-green-blue (RGB) full-color 
displays and tunable white-light sources are demonstrated simply by frequency modulation based on the temporal 
piezophotonic effect. Obviously, such a temporal tuning of emission wavelength differs greatly from conventional 
methods where ex situ ways (e.g., changes in chemical compositions of hosts and/or metal-ion dopants of 
phosphors) are routinely employed for tuning emission wavelength. The result suggests that the rise time for both 
blue and green components becomes longer with the accretion of excitation frequency. Apart from the changes in 
rise time with the modulation frequency, the relative intensity of blue and green emissions can be adjusted by the 
modulation frequency. The overall luminescent intensity is varied with the modulation frequency. Moreover, RGB 
full-color and white light with tunable color temperature are achieved via photon energy coupling with persistence 
phosphor. The study provides a new insight and understanding on the piezophotonic emission mechanism. Our new 
finding of the luminescent materials with ability to be accessed and modulated remotely will offer opportunities for 
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applications in the fields of magnetic optical sensing, piezophotonics, energy harvester, nondestructive 
environmental surveillance and novel light sources. 

 
1.2 Optoelectronic Devices Based on 2D III-VI Compounds 

The 2D layered materials not only share many excellent properties from their bulk counterparts, but also show some 
unique physical characteristics owing to the quantum confinement effect [11-15]. III-VI layered materials are 
significant group of 2D semiconductors, which has gain renewed interests for optoelectronic applications in recent 
years thanks to their tunable bandgaps, efficient light absorption, and large carrier mobility. Particularly, the optical 
bandgap of III–VI layered semiconductors ranges from 1.25 (IR) to 3.05 eV (UV), showing a large optical window 
in 2D limit, which makes them potential candidates for different functional optoelectronic devices, such as LEDs, 
phototransistors, and solar cells. In general, 2D heterostructures based on III-VI semiconductors usually exhibit 
type-II band alignment, which could boost the separation efficiency of electron-hole pairs for optoelectronic 
applications.  
Firstly a strong second harmonic generation (SHG) in bilayer and multilayer III-VI GaSe sheets was found [16]. 
Importantly, the SHG of multilayer GaSe above five layers shows a quadratic dependence on the thickness; while 
that of a sheet thinner than five layers shows a cubic dependence, which is attributed to the weakened stability of 
non-centrosymmetric GaSe in the atomically thin flakes where a layer-layer stacking order tends to favor 
centrosymmetric modification.  
Secondly, our group has demonstrated phototransistors based on centimeter-scale highly crystalline 2D III-VI InSe 
thin films by pulsed laser deposition [8]. The high responsivity could be explained by high absorption of InSe 
nanosheets due to the direct band gap and the photogating effect. Interestingly, 2D III-VI compounds such as In2Se3 
are capable of holding both superior optoelectronic properties and remarkable piezoelectric response. These 
characteristics in 2D III-VI semiconductors are attractive to make piezo-phototronics particularly helpful for 
understanding fundamental physics and developing novel optoelectronic devices based on 2D III-VI compound and 
heterostructure. The research was supported by the grant Research Grants Council of Hong Kong (GRF No. PolyU 
153023/18P).  
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