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Space Radiation Environment 

Sunspot Cycle: 
An Indicator of the Solar Cycle 
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Solar Particle Events 

Cyclical (Solar Max, Solar Min) 
- 11-war AVERAGE (9 to 13) 
- Solar Max is mom active time period 

- Gradual (Coronal Mass Ejections - ---- Two typas of events 

ab) 
*Pmtanrkh 

- hmubivrfSdarFlares) 
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Solar Proton Event - October 1989 

Proton Fluxes - 99% Worst Case Event 



@' Free-Space ParticiesGalactic 
Cosmic Rays (GCRs) or Heavy 

Ions 

@ Trapped Particles in the Earth's Magnetic 
Field: Proton & Electron Intensities 

Ap-8 Model AE-8 Model 
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SAA and Trapped Protons: 
Effects of the Asymmetry in the Proton Belts on 

SRAM Upset Rate at Varying Altitudes on CRUWAPEX 
H i l r c h i l M  Andude 1250km - 1350km 

Solar Cycle Effects: 
Modulator and Source 
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The Weapons 

@ Radiation Effects and Spacecraft 
Critical areas for design in the 
natural space radiation 
environment 
- Long-term effects 

Total ionizing close (TD) - Dsphrcanentdanage 

- Transient or single patticle effects 
(singleevwlteffecbi or SEE) 

sdtorhrderr#s 
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Total Ionizing Dose (TID) 
Cumulative long term ionizing damage 
due to protons & electrons 

Effects 
- Threshold Shifts 
- Leakana Carmmnt a- -------- ----- 
- Timing Changes 
- Functional Failures 

@ Displacement Damage (DD) 
Cumulative long term non-ionizing damage due to 
protons, electrons, and neutrons 
Effects 
- Production of defects which results in device degradation 
- May be similar to TID effects 
- Optocouplers, solar Celts, CCDs, linear bipolar devices 

Striefdi  tras same effect - depends on location of 
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a Single Event Effects (SEES) 
An SEE is caused by a single charged particle as it passes 
through a semiconductor material 
- Heavyions 

- protonsforsensitivedevices 
Directionization 

Nuckarreadkmsforstandarddavkes 
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Radiation Effects on Electronics 
and the Space Environment 

Three portions of the natural 
space environment contribute to 
the radiation hazard 
- Solar particles 7 

I Protons and heavi i  ions 
- sEE,TID.DfJ 

- Freeapace particles 
GCR 
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The Mass Destruction 

Recent Solar Events - 
A Few Notes and Implications 

In Oct-Nov of this year, a series of Xelass o(41) solar events took place 
- High partido fluxes were noted 
- Manyspacec&tpedomedsafingmaneuvers 
- Many system exp&emd higher than m i  (krt comctabk) data error ntsr 
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SOH0 LASCO C2 of the Solar Event m 
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@ Science Spacecraft Anomalies During 
Recent Solar Events 

I Of I Note+ 

Spacacrafv I lnStlUl7Wnl 
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@ Science Instrument Anomalies During 
Recent Solar Events 
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@ Selected Other Consequences 

Orbits affected on several spacecraft 
Power system failure 
- Malmo, Sweden 

High Current in power transmission lines 
- Wisconsin and New York 

Communication noise increase - FAA issued a radiation dose alert for planes 
m d n a  n- 9C; nru\ U 

NASA Approaches to Electronics: 
Projects and New Technologies 



NASA typically has over 200 missions in some 
stage of development 
- Range from balloon and short-duration lowsarth 

- Robotic to Human Presence 
investigations to long-life deep space 

Bility needs vary 

Implications of NASA Mix 
Prior to the new Presidential “Moon-Mars” 
vision 
- >90% of NASA miasions required 100 krad(Si) or 

less for device total ioniring dose (TID) tolerance 
Single Event Effects (SEES) were prime driver 

- Many missions could accept risk of anomalies as 
- !bnsor hardness also a limlting factor 

long as mcomlable over time 
0 hpkathmofthe new vision are still TBD for 

W i n  and reliability specifics, however, 
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The New Challenge: Changes in 
Technology 

SEFl- 
Single Event 
Functional 
Interrupt 

BER - 
Bit Error Rate. 

aF NASA Approach to RHA 

With commercial technology sensitivity to SEU 
increasing and limited radiation hardened 
offerings, a dual approach to RHA needs to be 
instal led 
- A systems appmach at the flight mission level, and 
- Proactive hw- into new technologies 

RodmewHawaii 2M8X2048 
-n HgCdTe NGST FPA (ARC) 
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The Investigators' Process: 
A Systematic Approach to Fligd 

Project Radia tion Hardness 
lssurance (RHA) 

Sensible Programmatics for Flight RHA: 
A Two-Pronged Approach for Missions 

Assign a lead radiation engineer to each spaceflight 
project 
- Treat radiation like other engineering disciplines 

- Provides a single point of contact for all radiation issues 
-E- m- , ng:---- - Each program follows a systematic approach to RHA 

Palm. thermal,... 
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# Radiation and Systems Engineering: 
A Rational Approach for Space Systems 
Define the Environment 
- External to the spacecraft 

Evaluate the Environment 
- Internal to the spacecraft 

Define the Requirements 
- Define criticality factors 

Evaluate Design/Components 
- Existing data/TestinglPerformance characteristics 

“Engineer” with Designers 
- Parts replacemenffMitigation schemes 

Iterate Process 
- Review parts list based on updated knowledge 

Define the Hazard 
The radiation environment external to the spacecraft 
- Trappedparticles 

Protons 
Electrons 

- Galactic cosmic rays (heavy ions) 
- Solar particles (protons and heavy ions) 

16 



Evaluate the Hazard 

9 Utilize missionspecific geometry to determine 
particle fluxes and TID at locations inside the 
spacecraft 
- 3-D ray trace (geometric sectoring) 

- Basic geometry (empty boxes, ...) or single electronics box 
Typically multiple steps 

iied geometry 
i- 

cilmi?s(Icrr,thsnnal~*.. 

Define Requirements 

Environment usually based on hazard definition with “nominal 
shielding” or basic geometry 
- Using actual spacecraft geometry sometimes provides a “less 

harsh” radiation requirement 
Performance requirements for “nominal shielding” such as 70 
mils of AI or actual spacecraft configuration 
-TID 
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Sample TID Top Level Requirement : 
Dose-Depth Curve 

Total dose at the center of Solid Aluminum Sphere 
Sf5 :  20035790 km, 0 degree inclination, three months 

lo' ' 

System Requirements - 
SEE Specifications 

For TID, parts can be given A 
number (with margin) 
- SEE is much more application specific 

- Probabilistic events, not long-term 
SEE is unlike TID 

Equal WObaMlitiesfor 1st dav of mission or 
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@ Sample Single Event Effects 
Specification (I of 3) 

@ Single Event Effects Specification 
(2 of 3) 

I -  - .. i 
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@ Single Event Effects Specification 
(3 of 3) 

2 ConponwtwSp.clRutfon(-) 

@ Notes on System Requirements 

Requirements do NOT have to be for 
piece part re1 ia bi I ity 
- For example, may be viewed as a “data loss” 

specification 
Acceptable bit- rates or system outage 

- W’itigaticm and risk are system trade parameters 
ned for YOUR 

on for d- 
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@ Radiation Design Margins 
(RDMs) 

How much risk does the project want to take? 
Uncertainties that must be considered 
- Dynamics of the environment 
- Testdata 

dnnlieshiwh dWrla)r 

@ Evaluate DesignlComponent 
Usage 

Screen parts list 
- Useexistingdatabases 

RADATA, REDEX, Radhome, IEEE TNS, IEEE Data Workshop Records. 
Proceedings of RADECS, etc. 
Evaluatetestdata 

- Look for or pmducts with known radiation tderance 
(bewam of SEE and dbplacement damage!) 

test unknowns or non-RH guaranteed devices 
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Data Search and Definition of Data Usability Flow 

No 

@ System Radiation Test 
Requirements 

All devices with unknown characteristics should be 
ground radiation tested (TlD and SEE) 
All testing should be performed on flight lot, if 
possible 
Testing shwid mimic or bound the flight usage, if 



@ Radiation Test Issues - Fidelity 

@ Engineer with the Designer 

Just because a device's radiation hardness may not meet 
requirements, does NOT necessarily make it unusable 
- Many concerns can be dealt with using mitigative approaches 

Hardened by design (HBD) approaches 
Circuit levd tolerancesuch as error detection and correction (EDAC) on 
mJememOryrnF 

*-icalwQn=h=-) 
~ p p l - m  (a. mtskmaypda is 
o n l y o n ~ p e r d a y f o r l 0 ~ o r ~ o f ~ b  
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e Destructive Conditions - Mitigation 
Recommendation 1: Do not use devices that exhibit destructive 
conditions in your environment and application 
Difficulties: 
- May require redundant componentslsystenm 
- Conditlo~ such a8 IOW cumnt SELS may be difficult to detect 

- currentlimiting 

@ Latent Damage: Implications to SEE 

- SELeventsare 
observed in some 
modem CMOS devices 

immediately, but 
recoveraftera- 

Device may not fail 

cyding 
- H o w e v e r , i n ~ E a w r a  - MealhejBC€8dfrom 

m 6 W m - e  
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Pre-Emptive Strikes: 
Approach to Insertion of New 

Hectronics 

Insertion of New Technologies - 
A Mission Perspective 

NASA mission timeframes rarely 
allow for a technology development 
path 
- For a 2008 launch, for example, 

technology freeue dates are likely 
2005 or di 

T e c h d o g y m u s t b e ~  
m r t u s w h e n a m b r i o n i s ~  
de-kmd 

h a y b e l i n m l 0 9 ~ a  
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@ Insertion of New Technologies - 

Develop knowledge-base of 
existing technology 
information 
Determine 
reliability/radiation gaps 
Performance ground-based 
te!Sts 

t 

. .  
k P P  Program - Goals and Objectives 

Main goal - Mission reliability and NASA science objectives 
- Ensure reliability of missions by "smart" investments in technology 

knowledge gathering and research 
- Minimize engineering msoumes required to maximize space and earth 

science data collection 
RadiationeHottsobJectivm 
- Evaluate new and emerging technologies with a focus on near to mid 

tern, needs 

Develop guidelines for techndogy usage, selection. and qualification 
~ f r L . r r n w h r J r a p r d t n h n d 0 g y m a d . b  
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NEPP Program - - 
Focus on Microelectronics Knowledge-base Development 

In FYO4, the NEPP Program began a new initiative to extend the 
knowledgehse of new microelectronics for NASA 
- Develop survey produds documenting the current status of 

technologies and identifying the gaps 
krefudar surveying the implications ofnewarchitectums a d  their 
implkitkns for mkroel%ctronics needs 

With regards to radiation knowledge. FYO4 surveys indude: 
CommunicatianArcMtedure 

N E P P w i s l D O  
matt to wak in 

wwsbandoapm- 
BoordkvdQpsiRcatknRisks 

Qolsfandria 

@ The Physics Models of Space - 
Radiation - Environment to Target 

- Predictive model of the external 
space radiation environment that 
impinges on the spacecraft 
- Predictive model of the interaction 
of that environment with the 
spacecraft 

External Space Environment 

*This is the induced or intsmal 
emkonmentthatbnpingeson 
elecbical. mecheni. OT bwogkal 
system0 
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tlr Existing Models/Tools - - 
Gaps for New Technologies 

Simple example citing tool limits 
- CREME96Tool 

Assumption of a rectangular parallel-piped (RPP) for 
sensitive volume requires assessment in light of 

- Single event transient (SETJ issues for higher speeds 
- Diffusion effects noted in SDRAMs (synchronous dynamic rvndom 

access memories) 

Implications of Space Radiation 
Technology Tool “Gaps” 

Simplifying assumptions (such as RPP) used in many 
existing tools are inadequate for new technology 
performance 
- Use of existing tools for ptedictive purposes may add large 

risk factors onto NASA missions (significant under or over 
prediction of performance) 

- Physics-based models could provide a more accurare solution 
using physics-modeling codes (GEANfl, MCNPX, etc.) 

Comprehensive tool suite is desired using physics-bslbed 
cod8s 

mandnrodding 

is ta make the tool suite rei 
d taka long periods of time 
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Space Computational Radiation 
Interaction Performance Tools ar 

(SCRIPT) - Pieces of the Puzzle 

I' 

@. SCRIPT - Sample Gaps and Technology 
Dependent Implementation Issues 

raps exist in areas such 
s low energy electrons, 

solar heavy ions, 
MEO, e?. 

-----*-...a F l  
M O h b  

Target 
lnteractiorn Technology 

Tests and 
Models 

1 
P-nce 

Tools 

Target 

Models 
-. '- + Interaction --c 

I 
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Validation of SCRIPT - Flight 
Experiments and Data 

Differences exist between 
ground-based radiation tests and 
the actual space environment 
- Energyspectnrm 
- Directionality 
- Mixedenvironment 
- Partideanivalrates(Ruxor 

-1 
rttt-wm .. -techndogy 

@ NASA’s Living With a Star (LWS) Space 
Environment Testbed (SET) - 

A Dual Approach to Flight Validation I 
Data mining Flight experiments 
- The use of existing flight 

data to validate or develop 
improved models and 
tools 

- Facusoncorrelating 
technology (semicondudor 
to material) petformance with 
solar-variant space 
environment (radiation, W, 

Examples etc.) 
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LWS SET Status 

LWS program is fully funded in the President’s FY05 budget 
request 
- No cuts due to new moodmars initiative 

NRA-1 results are available 
Carrier design is nearing preliminary design review (PDR) 
level * ‘  

Flight opportunities cunently being pursued with many 

Final Comments and Future 
I Considerations 
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Technology, Testing, and Flight 
Technology complicates the tests 
- Speed, Thermal, Fault Isolation, Packaging: die access!, etc 

- Ultra-low noise science instruments 
Future facility issues 
- Beamstructure 

Issue: &-speed testing 
- Microbeam 

b u e : ~ o f e n v r I ~ a f ~ j u n d i ~  
- High energy heavy ions - Michigan State University (MSU) 

SETS are the “new” ef‘fect in digital devices 

Mona1 bi..armn.ts.rfinn #%de- I rk  luCFl\ - - 
‘Qr busil 
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