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Enter the realm of radiation hardness and space-qualified power system designs that
employ gallium-nitride power semiconductors.

pacecraft must have radiation-hardened (rad-hard
electronics on board simply because radiation can
cause electronic equipment to malfunction. Thus,
power-management devices are critical for power-
ing all of the electronics on board satellites and spacecraft,
especially when astronauts are present within the spacecraft.
For instance, deep-space missions will likely encounter
neutrons from background radiation or radioisotope ther-
mal generators (RTGs), as well as other harmful nuclear
sources (Fig. 1). And terrestrial and atmospheric environ-
ments may be exposed to galactic cosmic rays (GCRs) along
with secondary emissions.
Moreover, long-term radiation effects in space can affect
astronauts and spacecraft electronics. Total ionizing dose

(TID) levels, which will be received at the component die
level, are calculated for active parts while taking into ac-
count the spacecraft’s defensive shielding. Protons and elec-
trons will typically lead to a cumulation of long-term dam-
age in space.

Called displacement damage (DD), it will cause exten-
sive non-ionizing damage (this is usually not applicable to
CMOS microelectronics). Transient effects can be affected
by single-charged particle effects (single-event effects or
SEEs) along with hard (destructive) or soft errors.

Why “Radiation-Hardened by Design” is Important
Designers can combat such damage with a radiation-
hardened by design (RHBD) method, which will help meet
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performance, cost, and availability needs. Consequently,
demand is great for high-performance semiconductors in
real-time imaging applications among the space and defense
sectors. However, the availability of components is quite
limited, creating challenges within the RHBD industry.

This, coupled with high radiation-tolerant electronics
larger than 1 milligray (MGy), a unit of absorbed radiation
equivalent to one thousandth of a gray, or 0.1 rad for nuclear
fusion and small modular reactors (SMRs), is restricted due
to performance and limited availability.

There are now two solutions to utilize electronic compo-
nents in harsh (radiation-filled) environments:

o Upscreening of commercial off-the-shelf (COTS) com-

ponents.

o Use of space-grade radiation-hardened electronics.

RHBD is a door-opener to applications that require ex-
tremely high-dose-tolerant ICs and meet the demanding re-
liability and electronic performance guidelines of the space
and military industries.

Rad-Hard GaN Wide-Bandgap Power Semiconductors
Some people think that wide-bandgap (WBG) semicon-
ductors are naturally radiation-hard. However, the “inher-
ent” radiation hardness of WBG semiconductors typically
refers to their tolerance of total dose. The total dose for
WBG semiconductors (Fig. 2) refers to their tolerance to ra-

3. Shown are aerospace drivers for WBG RHA.
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2, An overview of WBG technology, highlighting properties associated
with Bandgap Energy.

diation, specifically their ability to withstand ionizing radia-
tion without significant degradation.

Radiation hardness assurance (RHA) is defined as the ac-
tivities undertaken to ensure that the electronics and materi-
als in a space system can perform to the design specifications
after exposure to the natural space radiation environment.

Spacecraft, along with some key avionic power systems,
include lunar and planetary surface power, Mars transport
and lunar gateway, small fission reactors, small satellites, and
electric aircraft. Scientific payloads and
instruments, such as LIDAR and mass
spectrometers (Fig. 3), are also included.

GaN WBG Technology: Size, Weight,
and Power (SWaP)

GaN has a fast-switching superjunc-
tion technology with voltages under 650
V. The GaN high electron mobility tran-
sistor (HEMT) structure (Fig. 4) enables
a two-dimensional route for the flow of
electrons. Charge polarization and lat-
tice strain are between the AlGaN bar-
rier and the GaN layer.

WBG semiconductors exhibit “inher-
ent” rad-hard tolerance of total dose.
The threshold energy, along with the
ionization energy for defect formation,
i.e., the atomic bond strength, exceeds
that of a silicon device. WBG devices
are capable of operating at high tem-
peratures, which may help mitigate ra-
diation dose effects. Early WBG devices
didn’t have gate oxides.
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IMPACT OF DIFFERENT DESIGN AND TECHNOLOGY PARAMETERS ON ESD ROBUSTNESS,
FalLURE MECHANISM, AND FAILURE LOCATION 1M GaN HEMTS
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Distinct failure modes of AIGaN/GaN HEMTs under ESD conditions (Credit: IEEE Transactions on Electron Devices 2020)

GaN HEMT’s High Mobility is Achieved Without Doping

Designers must beware of single-event effects (SEEs).
WBG devices are vulnerable to heavy-ion-induced cata-
strophic single-event burnout in both SiC and GaN power
devices. Higher energy for charge ionization will not pro-
vide immunity to SEEs. GaN HEMT SEEs exhibit single-
event burnout (SEB), leakage current degradation, and
single-event dielectric rupture (SEDR).

The table shows an example of analysis requirements that
depend on SEE sensitivity. Heavy ion- and proton-induced
SEE rates can be calculated in the presence of quiet and un-
der solar event conditions.

GaN HEMT Displacement Damage Dose effects

Displacement damage dose (DDD) parameter degrada-
tion in GaN HEMTSs will happen at DDD levels higher than
those for typical space applications.

DDD effects in GaN HEMTs:

« A threshold voltage shift (typically positive)

o Decreased drain current

o Decreased mobility and transconductance

DDD susceptibility becomes greater when:

SiN Passivation
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Substrate (SiC, Si, ...)

4. GaN HEMT has high mobility, which is achieved without the need
for doping.

« Component parts are biased during irradiation
« Parts have had prior hot-carrier stress

GaN HEMT Total Ionizing Dose

GaN FETs in power applications open the door to new
technology trends in the cold void of outer space. Demand
is great for an easy-to-use pulse-width modulation (PWM)
controller, with a high-reliability integrated circuit (IC),
which will be able to directly drive GaN power FETs.

In previous research, COTS GaN power transistors were
exposed to TID effects via 10-keV X-rays. Such GaN HEMTs
were tested in both on- and off-state bias conditions. These
GaN switching tests were conducted before, during, and af-
ter irradiation, and the devices were characterized at tem-
peratures ranging from —50 to +75°C. The results indicate
that GaN technology, with a bandgap of 3.4 eV, is a promis-
ing candidate for use in harsh environments.

HEMT devices have heterojunctions, in which electrons
are confined to a quantum well, thereby avoiding impurity
scattering. These devices are also known as two-dimension-
al electron gas field-effect transistors (TEGFETS).

Summary

GaN devices exhibit significantly higher radiation hard-
ness than their Si and GaAs counterparts, primarily due to
the high bond strength in III-nitride materials. GaN’s re-
sponse to radiation damage is a function of radiation dose,
type, and energy, coupled with carrier and dislocation den-
sity, as well as impurity content density.

Rad-hard by design makes possible applications requiring
a very high-dose tolerance for ICs, while also meeting de-
manding electronic and reliability performance guidelines
in the space and military industries.
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