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Abstract

With the advent of gallium nitride (GaN) technology, achieving microwave power with high

efficiency by solid-state devices has become more and more available. Therefore, the use of solid-state
power amplifier (SSPA) with GaN technology in satellites, especially low earth orbit (LEO) satellites,
has been considered. On the other hand, space radiation can affect the performance and reliability of
components in space systems, which needs to be investigated. One of the most important technologies
that can be affected by radiation effects is GaN transistors. In this paper, the effect of total ionizing dose
(TID) on GaN transistors in the SSPA amplifier board is investigated. Since commercial components
have been used in the engineering sample of the SSPA amplifier and the calculations obtained from the
RDM estimates under the worst conditions show that it is necessary to conduct a test for the classification
of commercial components, the radiation resistance test was performed for this amplifier. The results of
the test conducted in this article show that the SSPA GaN board has radiation tolerance up to a dose of
approximately 16 krad. Therefore, mismatched GaN transistors are resistant up to this amount of dose.

This is while the sequencer board actually has less tolerance than 5.5 krad.
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1. Introduction

The space is a harsh environment in which equipment is
exposed to radiation, space debris, and extreme
temperature changes [1-3]. Radiation can cause destructive
effects on electronic components. These effects include the
effect of TID, displacement damage (DD), and single event
effects (SEE). GaN transistors are one of the most
important technologies that can be affected by radiation
effects. On the other hand, its operating temperature range
is wide. These features have led to the technology being
used in space. In recent years, there have been many
advantages to using this technology in power components.
The availability of these parts and its higher production has
reduced the price and increased its use [4-6].

In this paper, the manufactured SSPA amplifier using
Die-GaN transistors for the LEO satellite is presented.
This SSPA includes the amplifier board and sequencer
board which their components are introduced. In the
following, simulations and calculations are performed to
determine the dose of space radiation and then the dose is
determined according to the thickness of the shield. In
this research, radiation design margin (RDM)
calculations are based for the use of COTS components
in missions with a period of 2 years at different altitudes.
TIDL calculations were performed using OMERE
software. After determining this quantity, a decision is
made about whether or not to perform the test. When
testing is required, the setup conditions must be in
accordance with the requirements of the space standards.
In this regard, the conditions and requirements of the
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radiation test on the part under test are investigated and
the method and feasibility of TID damage test based on
ECSS space standards are presented. The results of the
radiation test are presented and finally, the summary,
evaluation and results of the test are presented.

2. Methodology

OMERE software has been used for simulations and
calculations related to dose determination due to space
radiation [7]. TID radiation damage calculations have been
performed for commercial grade components for using on
the LEO satellite with three different altitudes of 350, 450
and 550 km [8]. The dose amount in terms of thickness is
determined. The requirements of the space radiation test in
the total ionizing dose domain on the SSPA amplifier board
along with the sequencer board were extracted based on
space standards. Since the effects of electrons and protons
on TID damage are similar to the effects of gamma rays,
an experiment was designed which the behavior of the two
boards was investigated and recorded [9-14].

3. Results and Discussion

In order to determine the threshold dose for commercial
parts, considering RDM = 2 for acceptance test, parts up to
6 krad were examined. Due to the test results and the health
of the GaN amplifier board and due to the limitation of
irradiation in one day, the evaluation test was performed
for irradiation up to 16 krad dose. During the evaluation
test for the SSPA GaN board, after a dose of approximately
9 krad, a time stop of 110 min was performed and this
factor was also investigated. The time interruption has
caused a sudden change in the parameters. The results
show that the standard deviation of the changes in the
output detector voltage, reverse detector voltage and Drain
current in this Die-GaN class in the whole irradiation
process up to 16 krad is approximately equal to 0.03%,
0.08% and 9%, respectively. Therefore, it can be estimated
that the SSPA GaN board can withstand radiation up to a
dose of approximately 16 krad. The irradiation results of
the sequencer board show that the passive load Drain
current at a dose of 5.5 krad will change by more than
13.6% compared to the amount before irradiation. In this
range, the amount of drain current in the passive load in
radiation with a dose between 6.5 and 7 krad, decreases
sharply and suddenly becomes zero, and therefore it can be
estimated that the sequencing board actually has a
tolerance of less than 5.5 krad

4. Conclusions

In this research, the radiation resistance of Die-GaN
transistors has been investigated considering TID damage
for using on LEO satellite. In this study, the worst possible
conditions were considered and the tolerance of COTS
components was considered to determine the radiation
margin of RDM. According to the instructions related to
space standards, the amount of RDM has been determined
and then a conclusion has been made about the necessity of
conducting the experiment. Calculations resulting from
RDM estimates under the worst conditions, show that testing
is required to classify commercial components. In this work,
two acceptance and evaluation tests have been performed. In
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general, it can be concluded from the performance of these
experiments that alone and with the classification of
radiation tolerance cannot be considered specifically for the
boards used in space systems. Due to the use of different
types of components with different grades, the process of
estimating radiation tolerance should be done by testing.
Given that these experiments have recently become
mandatory in the country; this could be promising to do
more research in this area in research centers.
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