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Radiation Effects and Spacecraft

s+ Critical areas for design in
the natural space radiation
environment

— Long-term effects causing
parametric and /or functional
failures

* Total ionizing dose (TID)

+ Displacement damage
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Displacement Damage (DD)

Cumulative long term non-ionizing damage
due to protons, electrons, and neutrons
— keV to MeV range
Electronic Effects
— Production of defects which results in
device degradation
— May be similar to TID effects

~ Optocouplers, solar cells, charge coupled
devices (CCDs), Iinoat bipolar devices

Single Event Effects (SEEs) @/

+ An SEE is caused by a single charged particle as it passes
through a semiconductor material
- Heavy ions (cosmic rays and solar)
« Direct ionization
— Protons(trapped and solar)/neutrons (secondary or nuclear) for
sensitive devices
« Nuclear reactions for electronics
« Optical systems, etc are sensitive to direct ionization
- Unit of interest: linear energy transfer (LET). The amount of

energy doposltedllost as a particle passes through a material.
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Uniqueness of Exploration Systems &%
Missions

+ The Vision for Space Exploration creates a new paradigm
for NASA missions

— Transport (Crew Exploration Vehicle — CEV), and
— Lunar and Mars Exploration and Human Presence
- If one considers the additional hazards faced by these
concepts versus more traditional NASA missions, multiple
nges surface for reliable utilization of electronic parts

Summary of Environment Hazards for
Electronic Parts in NASA Missions
£ | g e | &
- @ % § 37 @ 2 Z.:‘G
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GEO Yes No Severe Yes Yes No Yes No No No No
LEO (low- No Yes Moderate No No No Not No No No No
| incl) usual
LEO Polar No Yes Moderate Yes Yes No ot No No No No
Shuttle No Yes Moderate No No Yes u¢:: ; No Yes | Rocket No
Motors
1SS No Yes Moderate Yes_- Minimal | Yes | Yes No No No No
Interplanetary Duma Dumg Dumg Yes | Yes | No | Yes [ Maybe | No ,Y.$ Maybe
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Discussion of the Hazard for @’
Electronic Parts and Exploration

+ As can be observed from the previous chart,
Exploration Systems faces a unique electronic
parts challenge not only for radiation exposure,
but for reliability challenges as well.

— Harsher environment than recent human presence
missions (ISS, Shuttle)

e Potanﬁdly the combined hazard of traditional earth

LEO) and space science (mterplanehry)

Types of Electronic Parts for @’
Exploration

+ One may view electronic parts for Exploration as meeting needs in
three categories
— Standard electronics
« E.g., capacitors
— Basic components
— Standard building blocks
¢ E.g., Field Programmable Gate Arrays (FPGAs)
— Widespread usage in most systems
- Custom devices not available as “off-the-shelf”
« E.g., nuclear power or EVA
— Needed for a specific application
' CWMGM(COTS) assemblies (e.g.,
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A Critical Juncture for Space Usage —
Commercial Changes in the Electronics World

s Over the past decade plus, much has changed
in the semiconductor world. Among the rapid
changes are: P

— Scaling of technology vl -
« Increased gate/cell density per unit area (as —» v/ §
well as power and thermal densities)
« Changes in power supply and logic voltages
(<1V) | |
— Reduced electrical margins within a single IC W
Increased device complexity, # of gates, and s g

P
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\ kY
5)

Are you prepared for
what lurks below 130nm?
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Implications for Electronics in Space

= With all these changes in the O o eeien
semiconductor world, what are the
implications for usage in space?
Implications for test, usage,
qualification and more

« Speed, power, thermal, packaging,
geometry, materials, and fault/failure
isolation are just a few for emerging
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Sample Cost Drivers for Radiation
Testing from 1996 to 2006 - Example

+ Device under test (DUTs): + lIssues
Commercial Memories - Size of memory
— Used in solid state recorder el e T B pream,
(SSR) applications and length of test runs
~  Speed
+ 1996 +  Difficult to test at high-speeds reliably
— SRAM memory T T T T et et

* 4 mbits per device
~+ <50 MHz bus speed
‘ ki '_B!‘or

Sample Cost for SEE Testing:
1996 vs 2006 a 3X Cost Delta

11996 SEE Testofa | 2006 SEE Test of
4M SRAM | SDRAM
Man-weeks Man-weeks
Description orunits  Costing Total Note Description __orunits  Costin$ Total Note
i Heavy lon at TAMU

Includes eng, rad, other to
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Cost to “Radiation Qualify” — @
Trade Study for Exploration

- Expectation is to use lots of devices NOT specifically designed for
the radiation environment
- Qualification/testing of commercial devices and boards likely required
s Expect >1000 device types requiring lot-specific tests

- Biggest driver: SEE (heavy ion)

- ISS used protons (different hazard faced)

o Exploraﬁon needs heavy ions

_+ Use of expensive test facilities or risky device/package manipulations

Bottom Line

s This presentation has been a brief snapshot discussing
electronics and Exploration-related challenges.
— Radiation effects have been the prime target, however, electronic
parts reliability issues must also be considered.

s Modern electronics are designed with a 3-5 year lifetime typical.
— “Upscreening” does not improve reliability, merely determine inherent levels.

— Testing costs are driven by device complexity
- Increases tester complexity, beam requirements, and facility choices
- Commercial devices may improve performance, but are no cost
panacea
— Big need is for a morecost-effective access to high energy heavy ion

T
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