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ABSTRACT 

We have experimentally demonstrated a new method to control the emission energy of semiconductor quantum dots 
(QDs), which is by applying strain using volume expansion of phase change material (GeSbTe) upon amorphization. 
The emission energy of QDs was shifted to both higher and lower upon amorphization of phase change material. In 
this study, we analysed the stress applied on QDs by developing a two-dimensional finite element model. Based on 
the simulation result, the energy shift is negative at the shallow area beneath the flat part of indenter. On the contrary, 
the energy shift is positive beneath the edge region of indenter. This result is further clarified by conducting a 
photoluminescence (PL) spectroscopy of InAs/InP QD sample deposited by a layer of phase change material where 
PL intensity mapping over amorphous region was performed. Our experimental results agree with the FEM simulation 
result.  
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1. INTRODUCTION 

Semiconductor quantum dots (QDs) have shown great promise as efficient single photon emitters and entangled 
photon sources, making them attractive for quantum communication applications. One of the main challenges for 
realizing applications is precise control of energy in QDs. The three main approaches to tune emission energy are 
externally applied magnetic field, electric field and mechanical strain. The existing techniques have not shown precise 
energy control of individual QDs. Therefore, we have experimentally demonstrated a new approach to precisely 
control emission energy of QDs by applying a local strain on QDs using volume expansion upon amorphization of 
phase change material [1]. In the past experiments, we observed both redshift and blueshift of PL peak energy of QDs 
upon amorphization of phase change material. In this paper, we investigated the stress distribution and energy shift 
distribution induced by the volume expansion of phase change material by employing finite element (FE) method. 
 
2. SIMULATION 

A two-dimensional FE model was developed to investigate the stress distribution in sample. Figure 1 illustrates the 
geometry of the model. Simulation was simulated assuming the apex of the indenter (a-GST) applies compressive 
stress on the top of InP surface. An InAs QD was placed 100nm below the surface of the sample along y-axis. The 
indentation force was chosen to regenerate a 2meV redshift at 100nm beneath the top of InP surface. Energy shift was 
calculated by employing equation (1), which provides the shift of QD emission energy induced by [001] compression 
[2].   
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Y and v are Young’s modulus and Poisson’s ratio respectively. σ௛  and ߪ௭௭௨  are mean stress components and 
deviatoric stress components respectively. The first term in Equation (1) shows the energy shift due to hydrostatic 
stress, while the second term in Equation (1) corresponds to the energy shift due to uniaxial stress. 
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