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Harsh Environment above Earth’s Atmosphere
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TrappedElectronsand Protons

Radiation may interfere in device response
Malfunction in electronic devices of space probes
High background in telecommunications

Drift of artificial satellites

Prof. Jeffery WyssUniv. Catania, Italy
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/> Allthe ElectronidevicesMay
(> Quffer from RadiatiorHfects

SpacerEnvironment
Ground HighrRadiation l=nvironment
a-particle emissionfrom-radioactive contaminants

Particleand electromagneticradiation
lonizingand non-ionizing dose

Degradation of:
Micro-electronics, micreprocessors,
solar cells, optical componentsemiconductordetectors

front-end electronics cabling etc

Causing: System shutdowns
Circuit damage
Data corruption,etc

Human beings can also be influenced by radiation effects: astronauts,
airplane crew, passengers, patients, personnel, etc.




/|- Radiation-effects in electronic devi ce
UQ TID, DDand SEE

Electromagneticadiation eletrons protons neutronsandheavyions

Total lonizing Doseis a cumulativeeffect causedby trapped chargesin the oxide
Thesetrapped chargesmodify the transistorcharacteristicsuchasthresholdvoltage
(V4,), mobility, leakagecurrent, power dissipation etc.

Atom DisplacementDamageis provoked by protons, heavyions, electron with
high energy and neutrons, which changethe arrangementof atoms in the lattice,
modifyingelectricalpropertiesof a device

SingleEventEffectsare causedby particlesof high LET(LinearEnergyTransfer)due
to, for example,the strike of a single ion. They can be non-destructive, causing
currentor voltagepeaks,changinghe state of a bit, or destructive,burningthe device
or destroyingthe gateoxidein a MOSFET



é U% Single-kEvent Effects

A SEE are caused by particles of high LET (Linear Energy Transfer) due to, for example,
the strike of a single ion

A Charge deposition induced by a heavy ion interaction within a sensitive volume,
followed by the charge collection at the output node of the circuit.

A Charged particles generates a track of eledtaa pairs in semiconductor (Si) and
dielectric (SiQ).
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b PIN DIODEIMULATION
é <, GFBICMOSHP 130 nm technology

Bulk Technology
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SEE Parameters:

A Heavy-lon LET = 10 MeV/mg/cm?
A Particles Strike vertically at

= E E & specified positions

Silicon substrate (P-)
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anode infrinsic  cathode

Incident Particleg 10 MeV/mg/cn?
Calculationsby Rudolf RBluhler
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SingleEventEffects

Non-destructive-Effects

. 1{o]|1]|0]1 Neenory
Single event upset (SEU) — PRIERS
e.g. memory bitflip (logic error) - “;” —

Single event transient (SET) o) d.pv]] aftor”

A transient effect (voltage/current pulses) which may provoke a SEU
Single event functional interrupt (SEFI)
Logical malfunction in programmable devices

DestructiveEffects

Single event latckup (SEL)
high current flux overheated power transistors,
affectinge.g. CMOS devices
Single event gate rupture (SEGR)
dielectric breakdown of the oxide layer of a MOSFET
Single event burnout (SEB)
Similar to SEL. The high current damage irreversibly ,
e.g.power MOSFET
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