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Accomplishments and Progress 

 

 

This paper deals with the quantization of the acoustic modes in nanomechanical systems with 

coupled acoustic and electromagnetic modes in piezoelectric structures. Specifically, the well-

known Bleustein-Gulyaev (BG) modes in the theory of surface acoustic wave devices, are 

second quantized so that the relationship between the acoustic modes and the electromagnetic 

modes can be examined in the limit where the acoustic mode is a single acoustic phonon. By 

considering a theory where the quantized acoustic phonons are explicitly related to the 

electromagnetic modes, this treatment allows a description of nanomechanical systems where 

acoustic and electromagnetic modes can be described in the nanoscale limit. This effort will 

examine quantitatively the electromagnetic-acoustic interaction caused by the piezoelectricity in 

the limit where the classical acoustic waves must be described in terms of phonons. Emphasis 

was given to formulating a quantized treatment of BG modes that is amenable to the study of 

phonon engineering of the BG modes on the nanoscale. In particular, the elastic continuum 

model, was used to quantize the phonon amplitude analytically based on the analytical solutions 

for the BG modes. The analytical solutions of the BG modes provided a convenient starting point 

for the second-quantization of the acoustic modes which are required to model phonon effects 

properly in broad classes of nanostructures.  This research The elastic continuum and dielectric 

continuum models are known to be accurate to the nanoscale regime; in particular, these models 

give an accurate representation of the normalized mode envelopes for structures even down to 

the scale on a couple of monolayers and for ensembles of as few as 60 atoms. 

 

 

Under this grant, we analytically analyze the acoustic phonon mode properties in an isotropic 

overlay structure deposited on perfectly rigid substrate. As the substrate is assumed to be 

perfectly rigid, the acoustic energy will be completely bound within the overlay region. This kind 

of Siedel-White type waveguide structure is analyzed and quantized in terms of well-known 

analytical Siedel-White solutions. In addition, the phase characteristics of the waveguide 

structure were considered along with applicability in single mode operation. Moreover, we 

second quantized of classical acoustic modes within the overlay structure is performed and 

discussed. Finally, we computed the frequency-quality factor product (f. Q) for this typical 

structure. 

 

In this work we have quantized the classical acousto-electromagnetic BG surface acoustic waves 

for the case of a grounded thin conducting film on a 6mm piezoelectric half space. This 

description facilitates the description of the BG modes in nanoscale surface acoustic wave 

devices in terms of phonons instead of classical acoustic waves and it describes the coupling 

between the acoustic waves (phonons) and the quanta of the EM field. 




