High Temperature, Radiation Tolerant, Smart SiC Circuits
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Partnership Program and thus not connected to specific
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Requirements

Requirements: circuits

—for harsh environments.

It is necessary to
understand the device
physics and designs that
withstand the harsh
environments. Some
applications for circuits
may be near a nuclear
reactor so both the active
electronic devices in the
circuits and their
mounting and assembly
must also be immune to
the adverse effects of
radiation and
temperature.

Requirement: improved

= = = =cjrcuits and assembly.

Improved circuit devices
must be coupled to the
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OBPR Organizing Questions

4a) How can we change

4. "What spacecraft systems to lessen the
téchnology et required up-mass, volume, and
we create to power?

enable the next
explorers to go
beyond where
we have been?"

4e) What basic engineering
research is required to enable or
accelerate the deployment of
the next generation space sub-
systems to increase payload,
crew up-mass, and power for
travel beyond Low Earth Orbit?

5. "How can we
educate and
inspire the next

5a) Educational
outreach

generation to take — |

the journey?" 5b) Public outreach

A

next higher level of
understanding: that of
circuit design operation
and assembly techniques
along with other ancillary
passive devices. These
must be done in a manner
that does not compromise
any of the inherent
advantages of the SiC.

Requirement: smart
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== circuits. Circuits operating
in deep space in harsh
environments must be
smart and independent,
able to know when they
have problems and repair
themselves or adapt to the
degradation and still
achieve the required
function.

Plans

Plans. The next few years will
focus on assembly techniques to
ensure high temperature cycling
stability. Subsequent steps will be
to design intelligent circuits along
with passive components that also
can operate at high temperatures
and in a radiation environment.
These circuits will be robust in
their design so that minor changes
in SiC or other device
characteristics over time due to
temperature or radiation won'’t
affect operation of the circuit.
Finally, with those issues resolved,
testing will be performed to
confirm the thermal and radiation
durability of these circuits. These
tests will be conducted
concurrently insofar as possible.
Based on these tests, device
changes, circuit changes,
assembly methods will all be
adjusted to achieve the goal of
survival in these harsh
environments.

Hypothesis: Silicon
carbide (SiC) power
and switching
devices and new
ways of assembling
them into circuits
along with other
devices can be
created that will
operate a high
temperatures. This
can be done with
adequate ground
testing and can be
accomplished with
other reactor and
temperature cycling
facilities.

Status, Plans, Connections to NASA's Mission and Vision
and to the Space Architect's Capability Requirements

Hypotheses & Projects

SILICON CARBON (SIC) CIRCUITS

project is developing those components..

these harsh conditions.

Project: HIGH TEMPERATURE, RADIATION TOLERANT, SMART

Project description. Future NASA missions need power processing
electronics that are able to operate efficiently at high temperatures in
order to reduce the size of the radiators that reject waste heat This

Status: experiment planned. Silicon carbide power diodes and
switching devices have been demonstrated by Cree, Inc. with Auburn
support. They have reached a stage of development that permits
developing circuits and assembly techniques that will take advantage of
the inherent characteristics of SiC. For example, SiC devices can
operate well at temperatures above 300 °C (about 575 °F) but the
composite circuit boards used for electronics applications on earth and
in satellites cannot take that high a temperature. Furthermore, their
thermal expansion coefficient is much greater than SiC, hence
expansion at elevated temperatures would tend to destroy all
connections to the device. Hence, mounting boards made from ceramics
and the means for attaching SiC chips to them to save space and mass
is currently being investigated. The means for attaching the chip to the
board by ball grid arrays is one approach. New brazes and diffusion
bonding techniques are being developed and the alloys and composition
of the contact material on the SiC devices are all part of the study.
Additionally, passive components are needed that also withstand high
temperature operation and paticulate radiation and these are being
identified. Based on these tests, device changes, circuit changes,
assembly methods will all be adjusted to achieve the goal of survival in

Project site(s): Center for Space Power and Advanced Electronics, Space
Research Institute, Auburn University, Auburn University, AL 36849-5320
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Research Partnership Centers Multiple Benefits

Immediate applications on Earth. Extensive impact possible in power
processing, converters, motor drives, more electric vehicles including airplanes,
cars, robots, UAVs, launch vehicles, shuttles, etc.

Leverage NASA research funds. Investment from companies producing
SiC devices/circuits for sale (e.g. Cree, Sterling, SemiSouth) and those
involved in nuclear space power systems and high voltage/high power in-space
propulsion systems and NASA (GRC, MSFC, JPL), USAF-AFRL (Dayton),
US Army (electric vehicles, robotics...) in partnership with NASA enables

NASA to stretch its research dollars.

Importance: industrial use. The improved
SiC devices, assembly techniques and
intelligent circuits that result from this effort
are directly applicable to the power industry
in the US. SiC diodes can be used in motor
drives now and return savings of $100s of
millions to the consumer. The devices are
smaller, more efficient and can help make
motor and motor drives smaller and
cheaper. These circuits are also directly
applicable to more-electric airplane and
launch vehicle applications. For airplanes,
these high temperature circuits can be
placed near jet engines to simplify power
handling. Launch vehicles can be cheaper
and lighter with all-electric systems to
eliminate troublesome hydraulic systems for
example.

Importance: Even in a non-
nuclear system, as
spacecraft power levels rise
beyond 100 kW, high
efficiency and high
temperature circuits are
needed to reduce the mass
of the system (especially the
size of the waste heat
radiator). SiC devices handle
more power in smaller areas
by a factor of at least 5 times
than Si, hence the significant
impact they can make.

Knowns
and
unknowns

Known. Nuclear reactor
power systems emit
neutrons, electrons and
other particles that are
harmful to electronic circuits
and they also operate at
high temperatures.
Conventional silicon-based
electronics have to be
located a long distance away
from the reactor to both
keep their temperature low
(<175 °C) and reduce the
radiation dose they receive.

Known. SiC diode devices
are 10 to 100 times more
tolerant of radiation than
silicon, so they can be
located closer to the reactor
system and perform their
control and conversion
functions without harm.

Unknown. Capacitors are
needed for power conversion
and conditioning. High value
capacitors for operation
above 200C are not
available. Solutions for
capacitor technology for high
temperature operation are
unknown and must

be developed.

Unknown. Assembly
materials and processes
for combining SiC
devices and passive
components to create
functional systems are
being developed.
However, the assemblies
are complex,
heterogeneous material
systems. The high
temperature stability and
the thermal cycle
durability has yet to be
proved.

Status: Prototype V.4
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