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Space Radiation Environment
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Components of the Natural Environment

A Transient

I Galactic Cosmic Rays (GCRs)
A Hydrogen & Heavier lons

I Solar Particle Events

A Protons & Heavier lons
A Trapped

I Electrons, Protons, & Heavier lons
A Atmospheric & Terrestrial Secondaries

I Neutrons




Sun Dominates the Near-Earth Environment
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Sunspot Cycle: An Indicator of the Solar Cycle

300 | Cycle 19 B Cycle 20 B Cycle 21 ) Cycle 22

250 Cycle 18

A Solar Maximum
I Trapped Proton Levels Lower, Electrons Higher
I GCR Levels Lower
I Neutron Levels in the Atmosphere Are Lower
I Solar Events More Frequent & Greater Intensity

I Magnetic Storms More Frequent --> Can Increase
Particle Levels in Belts

A Solar Minimum
i Trapped Protons Higher, Electrons Lower

Sunspot Numbers

Length Varies from 9 - 13 Years I GCR Levels Higher
7 Years Solar I\I\/I/II%)I(I’IT]nl]JlI:Inm 4 Years Solar I Neutron Levels in the Atmosphere Are Higher

T Solar Events Are Rare
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Free-Space Particles: Galactic Cosmic Rays (GCRs) or Heavy lons

A Definition
AA GCR ion is a charged particle (H, He, Fe, etc)
ATypically found in free space (galactic cosmic rays or GCRS)

AEnergies range from MeV to GeVs for particles of concern for
SEE

AOrigin is from disintegrating Carbon stars

Almportant attribute for impact on electronics is how much energy
IS deposited by this particle as it passes through a semiconductor
material. This is known as Linear Energy Transfer or LET
(dE/dX).
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GCR Abundance: Integral LET Spectra

CREME 96, Solar Minimum, 100 mils (2.54 mm) Al
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LET Fluence (#/cm?/day)

LET (MeV-cm?/mg)
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Radiation Effects and Spacecraft

A Critical areas for design in the natural space
radiation environment
I Long-term effects
A Total ionizing dose (TID)
A Displacement damage (crystal defects)

I Transient or single particle effects (Single event effects or
SEE)

A Soft or hard errors
A Mission requirements and philosophies vary to
ensure mission performance

I What works for a shuttle mission may not apply to a deep-
space mission

I Mission orbits may require different radiation performance
I Commercial Space now popular (SpaceX, OneWeb)

v. CYPRESS
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Total lonizing Dose (TID)

A Cumulative long term ionizing damage due to protons &
electrons

A Effects
I Threshold Shifts
I Leakage Current
I Timing Changes
I Functional Failures

A Can partially mitigate with shielding
I Low energy protons
I Electrons
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Single Event Effects (SEES)

A An SEE is caused by a single charged particle as it passes
through a semiconductor material
I Heavy ions
A Direct ionization

I Protons for sensitive devices
A Nuclear reactions for standard devices

A Effects on electronics
i If the LET of the particle is greater than the amount of energy or
critical charge required, an effect may be seen
A Soft errors such as upsets (SEUs) or transients (SETSs), or
A Hard errors such as latchup (SEL), burnout (SEB), or gate rupture (SEGR)

A Severity of effect is dependent on
I type of effect

I system criticality Destructive event |
ina COTS 120V

DC-DC Converter
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Radiation Tests Required for Space Electronics

RADIATION

PARAMETER

MECHANISM

EFFECT

TOTAL DOSE - PERMANENT DEVICE DAMAGE DUE | TRAPPED POSITIVE CHARGE
TID TO IONS OVER DEVICE LIFE RESULTS IN FIELD DEVICE TURN-ON
SEE | SEU DATA LOSS DUE TO SINGLE EVENT SINGLE/MULTIPLE MEMORY BIT OR
UPSET OR TRANSIENT CAUSED BY FLIP FLOP STATE TOGGLE DUE TO
HEAVY IONS, PROTON, OR ION STRIKE
NEUTRONS
SEE | SEL DEVICE LATCH UP DUE TO ION PARASITIC PNPN TRIGGERED INTO
STRIKE HIGH CURRENT STATE CAUSING
DESTRUCTIVE/NON-DESTRUCTIVE
CURRENT

A
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Total lonizing Dose Testing

Co60 Source

ESA ESTEC Irradiation Facility
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Heavy lon SEE Testing

— Heavy lon Beam
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Technology Evaluation and Radiation Effects Modeling

A Evaluation on Transistor and
Scribe Lane Test Structures

A Effects

I Threshold Shifts, Leakage Currents

Drain current (A)

b
nN

CMOS technology 0.8um,
LOCOS isolation

— Experiment

!: -=-=- Simulation
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54321012 3 4 5

Gate voltage (V)

[Ferlet HDRO5]

Test standards:

-US MIL-STD1019.5

-ESA/SCC 22900

Test Guidelines:
-ASTM F1892

Leakage Path

LOCOS
ield Oxide

Positive

Trapped
Charge

Initial Measurement

v

x Krad Irradiation
v

Interim Measurement

v

Annealing
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Final Measurement
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Hardening by Technology Features
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Evaluation of Inter-Device Features

A Inter-Well Leakage
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Gate Voltage (V)

[R. C. Lacoe, et. al. TNS Dec. 2000]
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Speci al ASuper Hardo Transi stor

A Needed only for Medical Sterilization or deep space mission

Standard-edged transistor

Gate

Edgeless transistor
+ guard ring

Ringed-source transistor

[Nowlin, 2005]

A q,
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Good News T Deep Submicron Improves TID

A Replacement of LOCOS with STl was key feature

DDDDDDDDDDDDDDDDD



