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Abstract. A mathematical model of current transfer in AlGaAs-

heterostructures with taking into account inter-valley dispersion and space 

charge in the process of degradation is presented. The developed 

computational algorithm is optimized by the criterion of temporal and 

spatial complexity. The relative deviation of the calculation results from 

the experimental data on the curvature of the initial portion of the current-

voltage characteristic of the resonant tunnel diodes on AlGaAs-

heterostructures is less than 3%. 

1 Introduction 

Nanoelectronics devices based on semiconductor A3B5 nanoscale heterostructures are of 

interest as the basis for ultrafast devices of the new generation [1, 2]. Research results [3,4] 

show that such devices have the potential for applications in industries with high reliability 

requirements. Aluminum-gallium arsenide (AlGaAs) is the most common material for 

heterostructures of the A3B5 compounds. Silicon doping is usually used to control the 

conductivity of the contact layers in such structures. 

The task of predicting the current-voltage characteristics (CVC) of AlGaAs-

heterostructures arises both in the design of microwave devices based on them, and in 

evaluation of their reliability. To increase the accuracy of the calculation in the model of 

current transfer, the inclusion of such processes as inter-valley dispersion and Coulomb 

interaction of electrons is included. However, the algorithms of such models are 

characterized by high temporal complexity and need to be refined to analyze structures 

subject to degradation changes.   
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2 Simulation  

To take into account the inter-valley scattering, a multichannel model was used, within 

which each channel was assigned a valley in the dispersion diagram. Since the transitions 

between the Г- and X-valleys are most energetically favorable for a pair of GaAs/AlAs, the 

transitions between other valleys are not take  n into account. The wave functions of 

electrons in the Г- and X-channels were calculated using the Schrödinger equation for an 

open system [5]. The definition of the operator of communication between channels, 

presented in [6], was generalized to the case of a continuous aluminum profile in order to 

be able to model structures subject to degradation. 

dz

dx
A      (1) 

where α – constant of inter-valley interaction, x – aluminum mole fraction, z  – coordinate. 

The Schrödinger equation was solved by the finite difference method. The optimization 

of the spatial complexity of the computational algorithm was carried out on the basis of a 

five-diagonal matrix representation using the theory of sparse matrices and the coordinate 

method of their storage. When taking into account the electron-electron interaction, the 

introduction of a self-consistent potential into the Hamiltonian [7, 8] is the most time-

consuming part of the calculation of the electron concentration. In order to reduce the time 

complexity of the algorithm, modified formulas for calculating the concentration were 

developed.  

3 Results 

The figures below present the results of calculating the wave functions of electrons in the 

single-valley and two-valley approximation for the two-barrier structure. As can be seen 

from Fig. 1, when calculating in the two-valley approximation, new metastable levels 

appear in the Г-valley, corresponding to metastable levels in the X-channel, through which 

electrons can tunnel through the channel. 

 
Fig. 1. The electron density probabilities calculated in the framework of the one-valley (a)  

and two-valley approximations (b — Г-valley, c — X-valley). 

The presented models were used to calculate the current-voltage characteristics of a 

number of resonant-tunneling diodes, the results are presented in Fig. 3. The diffusion 

profile changes at the fabrication stage were taken into account. As can be seen from the 

graphs, a satisfactory agreement between the calculation results and the experiment has 

been achieved. It was found that the best results are achieved when the constant of inter-

valley interaction is equal to 0.7 eV∙Å. Calculated according to formula 2, the relative 
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deviation of the calculation results from the experiment according to the criterion of 

curvature of the initial part of the CVC is 3%. 
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where ∆C – relative deviation, Jne and Jnp – experimental and calculated normalized CVC, 

which is calculated as    
pp xVJJxJn 1 , where Vp – peak voltage,  Jp  – peak current density 

 

Fig. 2. The calculation results (black line) in comparison with the experiment (grey dotted line). 

4 Conclusion 

A mathematical model of transverse current transfer in heterostructural microwave devices 

subject to degradation processes at elevated temperatures during the production phase, as 

well as during operation, with taking into account a inter-valley scattering and an influence 

of the space charge is presented. The developed computational algorithm is optimized by 

the criterion of temporal and spatial complexity including by increasing the efficiency of 

the self-consistency algorithm at the stage of calculating the concentration. Comparison of 

simulation results with experiment suggests that it is advisable to use the developed 

algorithms to predict electrical characteristics as well as reliability indicators of 

heterostructural microwave devices with transverse current transfer, the assignment 

parameters of which are determined by the initial part of the CVC of the structures. 
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