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To create an input file for calculations, the GamessInput class was implemented (Figure 2). The object of this 
class is initialized with parameters that are responsible for the file name in the .mol format and with the 
calculation parameters. 

 

Figure 2. GamessInput class structure 

All the work of the program is performed using the Job class (Figure 3). The object of this class is initialized 
with the material for which the calculations are carried out, the name of this material (optionally a number), 
configuration (from a JSON file), parameters of optimization and energy calculations. When calling the job 
method, the initialization logic of the Gamess class object is executed, the creation of a .mol file, which is 
converted into an input file for calculations using the GamessInput class object, and the optimization 
calculations process starts. After that, according to the optimized coordinates, an input file for energy 
calculations is generated using an object of the GamessInput class, and the process of energy calculations 
is started. 

 

Figure 3. Job class structure 

The code repository [3] contains a special sbatch.py script that iterates over chemical compounds and runs 
the job.sh script to perform calculations on a cluster [4] with a Slurm queuing system. 

The written package was used for calculations, for example, in works [5,6] and showed that with its help it 
was possible to significantly save time for organizing calculations and processing intermediate results. 

III. CONCLUSIONS 

A program has been written to automate chemical calculations using a package for computational quantum 
chemistry. The program allows you to consistently perform optimization and energy calculations for a group 
of chemical compounds. To generate reports on the results of calculations and perform calculations on a 
cluster, the code repository contains special scripts. The development plans of the package include support 
for other queuing systems and implementation of more pipeline use scenarios. 
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I. INTRODUCTION 

Until recently the main technique for modeling physical processes was to compose equations that would 
describe the processes and solve them with some math package, like in [1, 2]. But today’s expert systems 
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for modeling different processes are not worse than “manual” modeling. At the same time they provide a rich 
apparatus to program equations and present their results. This report considers using COMSOL 
MULTIPHYSICS software to create a model of a p-i-n photodiode based on AlGaN alloy. 

II. METHOD AND RESULTS 

The model created makes it possible to estimate I–V curve, spectral sensitivity, absorption coefficient, and 
other parameters as a function of the proportion of aluminum in the alloy and the thicknesses of the layers 
forming the photodiode. 

 

Figure 1. The model of the typical p-i-n photodiodes 

The structure shown in Figure 1 is typical for nitride photodiodes. Between the n and p layers which have 
moderate electron and hole conductivity there is a pretty thick i-layer where most light is absorbed and 
converted into free charge carriers. This three-layer structure is complemented with highly doped n

+
 and p

+
 

layers at the top and bottom which make it possible to obtain omic contacts with metallic leads. The lower n
+
 

layer solves some other problems except for contacting the leads. It reduces an intergrowth of dislocations 
from contact with the substrate into the overlying layers and compensates for errors in the etching depth of 
the upper layers when separating diodes. Therefore, the lower n

+
 layer is much thicker than the others. It is 

applied on an AlN buffer layer which, in turn, rests on a sapphire substrate which does not participate in the 
modeling. Thicknesses of the h1 - h5 layers are parameters that can be easily changed before the model is 
calculated.  

Taking into account the same processes along the horizontal axis, the structure shown in the figure is 
actually one-dimensional, which simplifies calculation. The COMSOL "optoelectronics" module solves the 
system of equations of the diffusion-drift model. It also offers several contemporary physical models for the 
interaction of a semiconductor with EMR. 

The band gap Eg for AlxGa1-xN at room temperature is calculated by using the well-known formula (1) which 
approximates actual dependence of Eg on x molar fraction of aluminum by the quadratic dependence [3]: 

  
          

           
                 (1) 

It is known that electronic affinity potential of AlGaN decreases as the proportion of aluminum increases and 
the band gap increases according to a law close to linear. The calculation is based on the following formula 
from [4]: 
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Effective densities of the states in the conduction and valence bands are approximated by linear 
dependences on the fraction of aluminum [4]: 
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The dielectric constant ε and the relative effective masses of electrons (holes), me (mh) are also assumed to 
be linearly dependent on the fraction of aluminum and determined as [4]: 

                                                                              

  
                           (4) 

                                                        
                      

Other parameters and results of modeling are presented in the report. 
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III. CONCLUSIONS 

We proposed the new numerical model using COMSOL MULTIPHYSICS software to estimate I–V curve, 
spectral sensitivity, absorption coefficient, and other parameters as a function of the proportion of aluminum 
in the AlGaN alloy and the thicknesses of the layers forming p-i-n photodiode based on AlGaN. This model 
was able to calculate the voltage and current dependency similar to device simulation as a continuous 
solution and could be useful for device development as a quick calculation. It could be also useful to 
academical and educational understanding the behavior of the electrical characteristics. 
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I. INTRODUCTION 

The photoacoustic effect is the formation of sound waves due to absorption of the modulated light pulse by 
irradiated medium. At the present time, the photoacoustic effect is widely used in biomedical studies, 
photoacoustic spectroscopy etc. Of particular interest are studies of the interaction of pulsed laser radiation 
with absorbing micro- and nanostructures. Absorption of laser pulse energy in micro- and nanostructures 
allows exciting acoustic oscillations in the frequency range from gigahertz to terahertz. Terahertz frequency 
acoustic vibrations are of special interest for fundamental research and have numerous potential applications 
(acoustic imaging of nano-objects, acoustic nanocavities, phononic crystals). 

II. METHOD AND RESULTS 

This work provides the description of theoretical and numerical modeling techniques of thermomechanical 
effects that take place in absorbing one-, two- and three-dimensional micro- and nanostructures of different 
materials under action of pulsed laser radiation. A proposed technique of the numerical simulation is based 
on the solution of equations of motion of continuous media in the form of Lagrange for a spatially 
inhomogeneous media. This model allows calculating fields of temperature, pressure, density and velocity of 
the medium depending on the parameters of laser pulses and the characteristics micro- and nanostructures. 
The problems of excitation and propagation of acoustic oscillations in homogeneous and heterogeneous 
media and structures are considered, and the potential applications of the photoacoustic effect in medicine 
and nanotechnology are discussed. Examples of implementation of the model in connection with possible 
applications in the area of nanophotonics, nanoacoustics, and nanoplasmonics are presented. 

Absorption of the energy of a pulsed laser beam in the medium leads to its local heating, thermal expansion 
and generation of acoustic (shock) waves. These processes can be described by the equations of motion of 
the medium in the form of Lagrange. For many practical cases, it is informative modeling of one-dimensional 
tasks (planar, cylindrical or spherical) for appropriate geometry of energy release [1]. Based on this 
approach, the processes of excitation of acoustic waves in one-dimensional metallic [2] and carbon [3] 
nanostructures (nanofilms, nanowires, spherical micro- and nanoparticles) have been investigated. The 


