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The Radiation Environment

« Space Radiation
affects all
spacecraft.

— Spacecraft
electronics have a
long history of
power resets,
safing, and system
failures due to:

» Long duration
exposures,

Unpredictable
solar proton
activity,

* Ambient galactic
cosmic ray
environment.
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lllustration by B. Jones, P. Fuqua, J. Barrie of The Aerospace Corporation.




The main sources of energetic particles t.Hat’

are of concern to spacecraft designers are:

« protons and electrons trapped in the Van
"Allen belts,

» heavy ions trapped in the Earth’s
magnetosphere,

» cosmic ray protons and heavy ions of
multiple elements, and

 protons and heavy ions from solar flares.
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Maximum Energies of Particles

R, G e Particle Type Maximum Energy*
A Trapped Electrons 10s of MeV
."F ‘-
! G Trapped Protons & 100s of MeV
3 Heavier lons
v Solar Protons 100s of MeV
Solar Heavy lons GeV
o Galactic Cosmic Rays TeV and beyond!
- O'Q\Q\_ = * For engineering applications
Six ground-based experiments have reported a total of 22 events >102° eV (super-
Greisen-Zatsepin-Kuzmin (GZK) events) during the last 40 years:
o -1 event from Volcano Ranch,
e - 4 from Haverah Park,
N A - 1 from Yakutsk,
e - 1 from Fly’s Eye,
4 “:. - 8 from the Akeno Giant Air Shower Array (AGASA), and
‘ﬂ ! - 7 from the preliminary High-Resolution Fly’s Eye Experiment (HiRes-1).

he This corresponds to a flux of about one event per km? per century.
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Radiation Effects on Electronics
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Radiation Effects on Electronics
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AAPS Supports Multiple Constellation Projects

AAPS’s products are developed in response to the needs and
requirements of multiple Constellation program elements,
including: ‘

— Ares V Crew Launch Vehicle (Earth Departure Stage), . Ares V Launch
Orion Crew Exploration Vehicle (Lunar Capability), | | ehicls
Altair Lunar Lander,

Lunar Surface Systems,
Extra Vehicular Activity (EVA) elements,

Future applications to Mars exploration architecture elements.

Orion Crew
xploration Vehicle oy
: 5 TCR, 05 Aug. 2009




AAPS Objective and Project Goals

The Advanced Avionics and Processor

Systems (AAPS) project expands the current state-of-
the-art in spacecraft avionics components and processor
systems to develop high performance devices for long
duration exposure to the space and lunar environments.

= -  The specific project goals of the AAPS project are to foster
ooy technology development efforts in radiation-hardened electronics
o possessing these associated capabilities:

— improved Total lonization Dose (TID) tolerance,
— reduced Single Event Upset (SEU) rates,
— increased threshold for Single Event Latch-up (SEL),
- — increased sustained processor performance,
e A — increased processor efficiency,
HINRR — increased speed of dynamic reconfigurability,
S — reduced operating temperature range’s lower bound,
¢ '\ — increased the available levels of redundancy and reconfigurability, and
. g} — increased the reliability and accuracy of radiation effects modeling.
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e  AAPS is a “requirements-pull” technology development effort.
:  AAPS is a “cross-cutting” technology, serving a broad base of
multiple project customers within Constellation.
s ° Constellation Program requirements for avionics and electronics
6% S continue to evolve and become more defined.
= °* AAPS develops products per derived requirements based on the
Constellation Architecture’s Level | and Level Il requirements
2 defined to date.
1 ’*‘;: 2
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AAPS Tasks

« Specifically, the AAPS tasks for FY09 are:

8 ETDP AAPS to Lunar Surface Systems TCR, 05 Aug. 2009

Model of Radiation Effects on Electronics (MREE),
 Lead Center: MSFC
» Participants: Vanderbilt University
Single Event Effects (SEE) Immune Reconfigurable Field
Programmable Gate Array (FPGA) (SIRF),
* Lead Center: GSFC
» Participants: AFRL, Xilinx
Radiation Hardened High Performance Processors (HPP),
 Lead Center: GSFC
» Participants: LaRC, JPL, Multiple US Government Agencies
Reconfigurable Computing (RC),
 Lead Center: MSFC
Silicon-Germanium (SiGe) Integrated Electronics for Extreme
Environments.
* Lead Center: LaRC
» Participants: Georgia Tech. leads multiple commercial and academic participants.
Radiation-Hardened Volatile and Non-Volatile Memory

 Lead Center: MSFC
» Participants: LaRC, Multiple Vendors
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AAPS Project Management Structure

Robert Reed
Bob Weller
\ (Plus Others)
.

GSFC

pil
| Creigh Gordon
' Michael Johnson (TL) [ (Plus Others) )
d
Tak Ng Michael Johnson (TL Carlos Villalpondo

AFRL/Kirtlan

AL Hl' /" Ga.Tech

John Cressler (TL)

Marvin Beaty (COTR) Mohammad Mojarradi (Plus Others)
Denise Scearce A ,
.
Other Partners:
~ Todd Macleod (TL) Qamar Shams BAE Systems, Boeing, Xilinx
W
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