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I. INTRODUCTION

The Element base of modern objects of space and nuclear technology is exposed to ionizing radiation, the
main of which are gamma rays (y), neutron (n), electron (e) and proton (p) radiation. Alfa-particles (a), fission
fragments Fp and other particles from a nuclear reactor or nuclear explosion zone can also influence the
degradation of performance characteristics. However, their influence is not so significant (for example,
neutrinos, mesons, etc.).

When a particle flux affects microelectronic device structure, two main mechanisms are possible: ionization
and damages caused as a result of elastic scattering of primary particles and fragments formed in nuclear
reactions (inelastic scattering) of incident protons or neutrons on target's nucleuses. lonization is not
considered in this work. The magnitude of the manifestation of displacement effects depends on the type of
particles radiation, the total dose, radiation flux and energy, ambient temperature, operating voltage, the
state of the device at the moment of irradiation. These problems complicate testing, increase the complexity
of using theoretical calculations to predict radiation effects, increase the time of designing device structures
and require a significant number of test samples.

II. RESULTS

A typical device structure of a dual-channel GaAs-based high electron mobility field effect transistor (HEMT)
is shown in figure 1. Cut-off voltage and maximum drain current for the resulting structure at ambient
temperature T = 303 K are equal to Vy4 =-0.9V and Ipmax = 1.7 mA (at drain voltage Vp = 0.1V and gate
Vs =1 V) respectively.

The formation of bulk defects in semiconductor device structure is proportional to non-ionizing energy loss
(NIEL) - total kinetic energy transferred to the lattice atoms. Parameter NIEL can be used to the extrapolation
of device parameters degradation measured for particle with given energy to other energies ("NIEL scaling").
The Radiation Fluence Model is used in microelectronics TCAD software packages to describe the impact of
particle flux on material characteristics, which makes it possible to predict the rate of defect generation.
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According to the model the total density of defect states depends on the radiation flux, NIEL, damage
coefficient and the density of material. The non-ionizing energy losses for GaAs are determined using SR-
NIEL project for displacement threshold energy values Ed1 =9,5eV [3], Ed2=10eV [4], Ed3 =21 eV [5]
and Ed4 =25 eV [6]. For the obtained values mean values were determined, which are described by
approximating dependence (figure 2). The obtained results fully agree with the data presented in the paper
[7]. The total NIEL for GaAs is calculated by summing the contributions of each element weighted by its
atomic fraction [8].
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Figure 1. Device structure of a dual-channel GaAs-HEMT
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Figure 2. The dependence of non-ionizing energy loss on the proton energy

A simulation of the effect of proton flux on the performance characteristics of a dual-channel GaAs-based
HEMT device structure was carried out. The results obtained are in agreement with theoretical data for the
flux of protons with energies E, from 0.1 to 10 keV at temperature T = 303.

[ll. CONCLUSIONS

The model of the dependence of NIEL on the proton energy with different values of threshold energy of
defect formation for GaAs and AlGaAs, that are described in the literature and comply with the latest
theoretical and experimental data, has been developed.
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