COSMIC RAY EFFECTS ON ELECTRONICS

UNDERSTANDING CosMIC RAY EFFECTS oN ELECTrRONICS: A CoMPREHENSIVE GUIDE

COSMIC RAY EFFECTS ON ELECTRONICS REPRESENT A SIGNIFICANT AND OFTEN UNDERESTIMATED CHALLENGE IN OUR INCREASINGLY
TECHNOLOGICALLY DEPENDENT WORLD. THESE HIGH-ENERGY PARTICLES, ORIGINATING FROM DEEP SPACE, CONSTANTLY BOMBARD
OUR PLANET, POSING A THREAT TO THE SENSITIVE CIRCUITRY THAT POWERS EVERYTHING FROM SMARTPHONES TO SATELLITES.
UNDERSTANDING HOW THESE COSMIC RAYS INTERACT WITH ELECTRONIC COMPONENTS IS CRUCIAL FOR DESIGNING ROBUST
SYSTEMS, ENSURING DATA INTEGRITY, AND MAINTAINING THE RELIABILITY OF CRITICAL INFRASTRUCTURE. THIS ARTICLE WILL
DELVE INTO THE NATURE OF COSMIC RADIATION, EXPLORE THE VARIOUS WAYS IT IMPACTS ELECTRONIC DEVICES, DISCUSS THE
MECHANISMS BEHIND THESE EFFECTS, AND OUTLINE STRATEGIES FOR MITIGATION AND PREVENTION. WE'LL EXAMINE THE
PHENOMENON FROM ITS COSMIC ORIGINS TO ITS TERRESTRIAL IMPLICATIONS, PROVIDING A COMPREHENSIVE OVERVIEW FOR
ANYONE INTERESTED IN THE INTERSECTION OF SPACE PHYSICS AND MODERN TECHNOLOGY.
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WHAT ARE CosMic RAYS?

COSMIC RAYS ARE NOT, AS THEIR NAME MIGHT SUGGEST, RAYS IN THE ELECTROMAGNETIC SENSE, LIKE LIGHT OR X-RAYS.
|NSTEAD, THEY ARE HIGH"ENERGY ATOMIC NUCLEI, PRIMARILY PROTONS AND ALPHA PARTICLES, THAT TRAVEL THROUGH SPACE
AT NEARLY THE SPEED OF LIGHT. THESE ENERGETIC PARTICLES ARE BELIEVED TO ORIGINATE FROM A VARIETY OF ASTROPHYSICAL
SOURCES, INCLUDING SUPERNOVAE, ACTIVE GALACTIC NUCLEI, AND OTHER VIOLENT COSMIC EVENTS. \W/HEN THESE PARTICLES
ENTER EARTH'S ATMOSPHERE, THEY COLLIDE WITH AIR MOLECULES, CREATING A CASCADE OF SECONDARY PARTICLES THAT CAN
REACH GROUND LEVEL AND EVEN PENETRATE ELECTRONIC SYSTEMS. THE ENERGY CARRIED BY THESE PRIMARY COSMIC RAYS IS
ASTONISHING, FAR EXCEEDING ANYTHING ACHIEVABLE IN TERRESTRIAL PARTICLE ACCELERATORS, MAKING THEM A POTENT FORCE
OF NATURE.

THE FLUX OF COSMIC RAYS REACHING EARTH'S SURFACE VARIES DEPENDING ON SEVERAL FACTORS, MOST NOTABLY ALTITUDE
AND GEOMAGNETIC LATITUDE. AT HIGHER ALTITUDES, SUCH AS IN COMMERCIAL AIRCRAFT OR DURING SPACE MISSIONS, THE
SHIELDING EFFECT OF THE ATMOSPHERE IS REDUCED, LEADING TO A SIGNIFICANTLY HIGHER EXPOSURE TO COSMIC RADIATION.
SIMILARLY, REGIONS CLOSER TO THE EARTH'S POLES EXPERIENCE A GREATER INFLUX OF COSMIC RAYS DUE TO THE EARTH'S
MAGNETIC FIELD LINES CONVERGING THERE. THIS NATURAL VARIATION UNDERSCORES THE DYNAMIC NATURE OF COSMIC RAY
BOMBARDMENT AND ITS DEPENDENCE ON OUR PLANET'S PROTECTIVE LAYERS.

How CosMic RAYS INTERACT WITH MATTER

W/HEN A HIGH-ENERGY COSMIC RAY PARTICLE STRIKES AN ATOM WITHIN AN ELECTRONIC COMPONENT, IT CAN INITIATE A CHAIN
REACTION. THE PRIMARY PARTICLE, OFTEN A PROTON OR A HEAVIER NUCLEUS, POSSESSES ENOUGH KINETIC ENERGY TO IONIZE THE
ATOMS IT ENCOUNTERS. |ONIZATION IS THE PROCESS OF STRIPPING ELECTRONS FROM ATOMS, CREATING CHARGED PARTICLES —
IONS AND FREE ELECTRONS. THIS INITIAL IONIZATION IS JUST THE BEGINNING OF THE INTERACTION.

AS THE PRIMARY COSMIC RAY PARTICLE TRAVELS THROUGH THE MATERIAL, IT CONTINUES TO CAUSE IONIZATION ALONG ITS
PATH, CREATING A TRACK OF CHARGED PARTICLES. IF THE COSMIC RAY IS ENERGETIC ENOUGH, IT CAN ALSO INDUCE NUCLEAR



REACTIONS. THESE REACTIONS CAN BREAK APART ATOMIC NUCLEI, PRODUCING A SHOWER OF SECONDARY PARTICLES, INCLUDING
NEUTRONS, PIONS, AND MUONS. THESE SECONDARY PARTICLES, ESPECIALLY NEUTRONS AND MUONS, ARE PARTICULARLY
EFFECTIVE AT PENETRATING MATTER AND CAN TRAVEL SIGNIFICANT DISTANCES BEFORE INTERACTING. |T'S THIS COMPLEX
CASCADE OF INTERACTIONS THAT ULTIMATELY POSES A THREAT TO SENSITIVE ELECTRONIC COMPONENTS.

TypPes oF CosMiCc RAY EFFECTS ON ELECTRONICS

THE EFFECTS OF COSMIC RAYS ON ELECTRONICS CAN BROADLY BE CATEGORIZED INTO TWO MAIN TYPES: SINGLE EVENT EFFECTS
<SEES) AND CUMULATIVE DAMAGE. W/HILE BOTH CAN LEAD TO DEVICE MALFUNCTION, THEY OPERATE THROUGH DIFFERENT
MECHANISMS AND MANIFEST IN DISTINCT WAYS. UNDERSTANDING THESE DISTINCTIONS IS KEY TO DIAGNOSING AND PREVENTING
PROBLEMS.

SINGLE EVenT EFrecTs (SEEs)

SINGLE EVENT EFFECTS ARE TRANSIENT OR PERMANENT CHANGES IN THE ELECTRONIC STATE OF A SEMICONDUCTOR DEVICE
CAUSED BY A SINGLE ENERGETIC PARTICLE OR ION. THESE EVENTS ARE STOCHASTIC, MEANING THEY OCCUR RANDOMLY AND ARE
NOT DIRECTLY RELATED TO THE DEVICE'S NORMAL OPERATION OR CUMULATIVE WEAR. THE ENERGY DEPOSITED BY A SINGLE
COSMIC RAY PARTICLE CAN BE SUFFICIENT TO ALTER THE CHARGE DISTRIBUTION WITHIN A MICROELECTRONIC CIRCUIT, LEADING
TO A VARIETY OF OUTCOMES.

SofFT ERRORS

SOFT ERRORS, ALSO KNOWN AS SINGLE EVENT UPSeTs (SEUS), ARE THE MOST COMMON TYPE OF SEE. AN SEU OCCURS WHEN
A CHARGED PARTICLE STRIKES A SENSITIVE NODE IN A SEMICONDUCTOR MEMORY CELL (LIKE A SRAM BIT), FLIPPING ITS STORED
LOGIC STATE FROM A ‘0’ To A "1’ or VICE VERSA. CRUCIALLY, SEUS ARE “SOFT” BECAUSE THEY DO NOT CAUSE PERMANENT
PHYSICAL DAMAGE TO THE DEVICE. THE AFFECTED BIT CAN BE CORRECTED BY REWRITING THE CORRECT DATA. HOWEVER, THESE
ERRORS CAN LEAD TO DATA CORRUPTION, INCORRECT PROGRAM EXECUTION, AND SYSTEM CRASHES, ESPECIALLY IN
APPLICATIONS WHERE DATA INTEGRITY IS PARAMOUNT, SUCH AS IN COMPUTING AND AEROSPACE.

HARD ERRORS

UNLIKE SOFT ERRORS, HARD ERRORS, OR SINGLE EVENT BUrNoOUT (SEB) AND SINGLE EVENT GATE RupTURE (SEGR), INVOLVE
PERMANENT PHYSICAL DAMAGE TO THE SEMICONDUCTOR DEVICE. SEB CAN OCCUR IN POWER TRANSISTORS WHEN A PARTICLE
STRIKE CREATES A LOCALIZED HIGH-CURRENT PATH, LEADING TO DESTRUCTIVE OVERHEATING. SEGR, TYPICALLY SEEN IN
MOSFETS, INVOLVES THE BREAKDOWN OF THE GATE OXIDE LAYER DUE TO THE HIGH ELECTRIC FIELD GENERATED BY PARTICLE
IMPACTS. THESE HARD ERRORS RENDER THE AFFECTED COMPONENT INOPERABLE, REQUIRING REPLACEMENT.

OTHer SEEs

Bevyonp SEUs, SEB, AND SEGR, oTHER SEES INCLUDE SINGLE EVENT TRANSIENTS (SETS), WHICH ARE PULSES OF UNINTENDED
VOLTAGE OR CURRENT THAT PROPAGATE THROUGH THE CIRCUITRY, AND SINGLE EVENT LATCH-UP (SEL), A POTENTIALLY
DESTRUCTIVE CONDITION WHERE PARASITIC BIPOLAR TRANSISTORS WITHIN CMOS STRUCTURES ARE TRIGGERED, LEADING TO A
LOW-IMPEDANCE PATH BETWEEN POWER AND GROUND THAT CAN CAUSE EXCESSIVE CURRENT AND DEVICE FAILURE IF NOT
QUICKLY INTERRUPTED.



CUMULATIVE DAMAGE

WHILE SEES ARE CAUSED BY INDIVIDUAL ENERGETIC PARTICLES, CUMULATIVE DAMAGE IS THE RESULT OF THE SLOW, PERSISTENT
DEGRADATION OF ELECTRONIC COMPONENTS OVER TIME DUE TO CONTINUOUS EXPOSURE TO LOWER-ENERGY CHARGED PARTICLES
AND IONIZING RADIATION. THIS TYPE OF DAMAGE IS LESS ABOUT SUDDEN FAILURES AND MORE ABOUT A GRADUAL DECREASE IN
PERFORMANCE AND EVENTUAL MALFUNCTION.

ToTAL loNnizing Dose (TID) EFFecTs

ToTAL loNizing Dost (TID) EFFECTS REFER TO THE ACCUMULATED DAMAGE FROM IONIZATION WITHIN THE SEMICONDUCTOR
MATERIAL. AS PARTICLES PASS THROUGH, THEY CREATE ELECTRON-HOLE PAIRS. OVER TIME, THESE CHARGE CARRIERS CAN
BECOME TRAPPED IN INSULATING LAYERS, SUCH AS THE GATE OXIDE IN MOSFETS. THIS TRAPPED CHARGE CAN ALTER THE
THRESHOLD VOLTAGE OF TRANSISTORS, LEADING TO CHANGES IN THEIR SWITCHING CHARACTERISTICS, INCREASED LEAKAGE
CURRENTS, AND ULTIMATELY, DEVICE FAILURE. TID EFFECTS ARE PARTICULARLY CONCERNING FOR LONG-DURATION SPACE
MISSIONS WHERE COMPONENTS ARE CONSTANTLY EXPOSED TO RADIATION.

DisPLACEMENT DAMAGE

DISPLACEMENT DAMAGE, ALSO KNOWN AS NON-IONIZING ENERGY LOSS (N|EL>, OCCURS WHEN ENERGETIC PARTICLES COLLIDE
WITH ATOMS IN THE SEMICONDUCTOR LATTICE WITH SUFFICIENT FORCE TO DISPLACE THEM FROM THEIR NORMAL POSITIONS. THIS
CREATES VACANCIES AND INTERSTITIALS, DEFECTS THAT CAN ACT AS CHARGE RECOMBINATION CENTERS OR SCATTERING SITES.
THESE DEFECTS DISRUPT THE NORMAL FLOW OF CHARGE CARRIERS WITHIN THE MATERIAL, LEADING TO A DECREASE IN CARRIER
MOBILITY, AN INCREASE IN LEAKAGE CURRENTS, AND A REDUCTION IN THE PERFORMANCE OF TRANSISTORS AND OTHER
SEMICONDUCTOR DEVICES. WHILE TID PRIMARILY AFFECTS INSULATING LAYERS, DISPLACEMENT DAMAGE DIRECTLY IMPACTS THE
SEMICONDUCTOR MATERIAL ITSELF.

FAcTORrS INFLUENCING CosMic RAY IMPACTS

SEVERAL FACTORS SIGNIFICANTLY INFLUENCE THE LIKELIHOOD AND SEVERITY OF COSMIC RAY EFFECTS ON ELECTRONIC SYSTEMS.
THESE VARIABLES CAN EITHER EXACERBATE OR MITIGATE THE RISKS ASSOCIATED WITH THIS NATURAL PHENOMENON.

ONE OF THE MOST CRITICAL FACTORS IS THE ALTITUDE AND LOCATION OF THE ELECTRONIC DEVICE. AS MENTIONED EARLIER,
HIGHER ALTITUDES AND GEOMAGNETIC LATITUDES CLOSER TO THE POLES OFFER LESS ATMOSPHERIC AND MAGNETIC SHIELDING,
LEADING TO A GREATER FLUX OF COSMIC RAYS. THEREFORE, ELECTRONICS USED IN AVIATION, HIGH-ALTITUDE RESEARCH
BALLOONS, AND SPACECRAFT ARE INHERENTLY AT A HIGHER RISK. SIMILARLY, TERRESTRIAL SYSTEMS LOCATED AT HIGHER
ELEVATIONS OR CLOSER TO THE POLES MAY EXPERIENCE MORE FREQUENT RADIATION EVENTS.

THE TYPE OF SEMICONDUCTOR TECHNOLOGY USED IN THE ELECTRONIC COMPONENTS PLAYS A CRUCIAL ROLE. NE\X/ER, SMALLER,
AND MORE DENSELY INTEGRATED TECHNOLOGIES, WHILE OFFERING SUPERIOR PERFORMANCE AND LOWER POWER CONSUMPTION, ARE
OFTEN MORE SUSCEPTIBLE TO SEES. THIS IS BECAUSE THE SENSITIVE NODES WITHIN THESE DEVICES ARE SMALLER, REQUIRING
LESS ENERGY DEPOSITION TO FLIP A BIT OR CAUSE A TRANSIENT. ADVANCED MANUFACTURING PROCESSES AND MATERIALS CAN
ALSO IMPACT RADIATION HARDNESS. FOR INSTANCE, SILICON-ON-INSULATOR (SOD TECHNOLOGY IS OFTEN MORE RADIATION-
HARDENED THAN TRADITIONAL BULK SILICON.

ANOTHER IMPORTANT CONSIDERATION IS THE OPERATING VOLTAGE OF THE DEVICE. HIGHER OPERATING VOLTAGES CAN INCREASE
THE SUSCEPTIBILITY OF SOME COMPONENTS TO CERTAIN SEES, SUCH AS LATCH-UP. SHIELDING, BOTH PHYSICAL AND MAGNETIC,
IS ALSO A SIGNIFICANT FACTOR. WHILE A COMPLETE SOLUTION FOR COSMIC RAY SHIELDING IS OFTEN IMPRACTICAL, STRATEGIC
PLACEMENT OF MATERIALS AND DESIGN CHOICES CAN OFFER A DEGREE OF PROTECTION. THE SPECIFIC MISSION PROFILE OR
OPERATIONAL ENVIRONMENT IS ALSO VITAL, A SHORT-DURATION TERRESTRIAL APPLICATION FACES DIFFERENT CHALLENGES THAN
A MULTI-YEAR DEEP-SPACE MISSION.



MITIGATION STRATEGIES AND DESIGN CONSIDERATIONS

ADDRESSING THE CHALLENGES POSED BY COSMIC RAY EFFECTS ON ELECTRONICS REQUIRES A MULTI-FACETED APPROACH THAT
INTEGRATES RADIATION-HARDENED DESIGN PRINCIPLES AND ROBUST MITIGATION STRATEGIES. THE GOAL IS TO MINIMIZE THE
PROBABILITY OF ERRORS AND PREVENT CATASTROPHIC FAILURES.

ONE PRIMARY STRATEGY IS THE SELECTION OF RADIATION-HARDENED COMPONENTS. THESE ARE SPECIALIZED ELECTRONIC PARTS
THAT HAVE BEEN DESIGNED AND MANUFACTURED TO WITHSTAND HIGHER LEVELS OF RADIATION. THIS CAN INVOLVE USING
DIFFERENT SEMICONDUCTOR MATERIALS, ARCHITECTURAL CHANGES, AND ADVANCED FABRICATION TECHNIQUES TO REDUCE
SUSCEPTIBILITY TO SEES AND TID. WHILE RADIATION-HARDENED COMPONENTS ARE OFTEN MORE EXPENSIVE AND MAY OFFER
SLIGHTLY LOWER PERFORMANCE THAN THEIR COMMERCIAL COUNTERPARTS, THEY ARE INDISPENSABLE FOR CRITICAL
APPLICATIONS.

REDUNDANCY IS ANOTHER POWERFUL TECHNIQUE. THIS INVOLVES USING MULTIPLE IDENTICAL COMPONENTS TO PERFORM THE
SAME FUNCTION. BY COMPARING THE OUTPUTS OF THESE REDUNDANT UNITS, AN ERROR IN ONE UNIT CAN BE DETECTED AND
CORRECTED. VOTING SCHEMES, WHERE A MAJORITY OUTPUT IS CHOSEN FROM THREE OR MORE REDUNDANT UNITS, ARE COMMONLY
EMPLOYED IN CRITICAL SYSTEMS LIKE FLIGHT CONTROL COMPUTERS. THIS APPROACH CAN EFFECTIVELY OVERCOME SOFT ERRORS
LIke SEUs.

ERROR DETECTION AND CORRECTION (EDAC) CODES ARE VITAL FOR PROTECTING DATA STORED IN MEMORY. EDAC CODES ADD
EXTRA BITS TO THE DATA THAT ALLOW FOR THE DETECTION AND CORRECTION OF A CERTAIN NUMBER OF BIT ERRORS. THIS IS
PARTICULARLY IMPORTANT FOR PROTECTING MEMORY FROM SEUS. TECHNIQUES LIKE HAMMING CODES AND REED-SOLOMON
CODES ARE WIDELY USED TO ENSURE DATA INTEGRITY.

SYSTEM-LEVEL DESIGN CONSIDERATIONS ALSO PLAY A SIGNIFICANT ROLE. THIS INCLUDES CAREFUL CIRCUIT DESIGN TO MINIMIZE
SENSITIVE NODES, THE USE OF ROBUST CLOCKING STRATEGIES, AND IMPLEMENTING WATCHDOG TIMERS THAT CAN RESET A
SYSTEM IF IT HANGS DUE TO AN UPSET. FURTHERMORE, SHIELDING, WHERE FEASIBLE, CAN REDUCE THE FLUX OF PARTICLES
REACHING SENSITIVE COMPONENTS. FOR TERRESTRIAL APPLICATIONS, UNDERSTANDING LOCAL RADIATION ENVIRONMENTS AND
IMPLEMENTING APPROPRIATE SAFEGUARDS IS ALSO CRUCIAL.

THe FuTUre oF CosMic RAY RESEARCH AND ELECTRONICS

AS OUR RELIANCE ON ELECTRONICS CONTINUES TO GROW AND WE VENTURE FURTHER INTO SPACE, THE STUDY OF COSMIC RAY
EFFECTS ON THESE SENSITIVE DEVICES WILL ONLY BECOME MORE CRITICAL. ONGOING RESEARCH AIMS TO DEVELOP EVEN MORE
RADIATION-HARDENED MATERIALS AND DEVICE ARCHITECTURES THAT CAN WITHSTAND THE HARSH CONDITIONS OF SPACE AND
OTHER HIGH-RADIATION ENVIRONMENTS.

ADVANCEMENTS IN SIMULATION TOOLS ARE ALLOWING ENGINEERS TO BETTER PREDICT THE RADIATION SUSCEPTIBILITY OF NEW
ELECTRONIC DESIGNS. THESE TOOLS ENABLE DESIGNERS TO IDENTIFY POTENTIAL VULNERABILITIES EARLY IN THE DESIGN PROCESS
AND IMPLEMENT APPROPRIATE MITIGATION STRATEGIES BEFORE FABRICATION. THIS PREDICTIVE CAPABILITY IS ESSENTIAL FOR
OPTIMIZING COST AND PERFORMANCE.

FURTHERMORE, THE EXPLORATION OF NOVEL COMPUTING PARADIGMS, SUCH AS QUANTUM COMPUTING, INTRODUCES NEW
CHALLENGES AND OPPORTUNITIES RELATED TO RADIATION EFFECTS. [UNDERSTANDING HOW QUANTUM BITS (QUBITS) INTERACT
WITH COSMIC RAYS WILL BE PARAMOUNT FOR THE SUCCESSFUL DEPLOYMENT OF QUANTUM TECHNOLOGIES IN REAL-WORLD
APPLICATIONS, BOTH ON EARTH AND IN SPACE. THE CONTINUOUS INNOVATION IN SEMICONDUCTOR TECHNOLOGY, WHILE PUSHING
BOUNDARIES, ALSO NECESSITATES A DEEPER UNDERSTANDING OF ITS INTERACTION WITH THE FUNDAMENTAL FORCES OF THE
UNIVERSE.

ULTIMATELY, THE ONGOING EFFORT TO UNDERSTAND AND MITIGATE COSMIC RAY EFFECTS ON ELECTRONICS IS A TESTAMENT TO
HUMAN INGENUITY AND OUR DRIVE TO EXPLORE AND INNOVATE. IT’S A CRUCIAL ASPECT OF ENSURING THE RELIABILITY AND
LONGEVITY OF THE TECHNOLOGIES THAT SHAPE OUR MODERN WORLD AND ENABLE OUR FUTURE ENDEAVORS BEYOND EARTH.



FAQ

QZ WHAT IS THE MOST COMMON TYPE OF COSMIC RAY EFFECT ON ELECTRONICS?

A: THE MOST COMMON TYPE OF COSMIC RAY EFFECT ON ELECTRONICS IS A SOFT ERROR, SPECIFICALLY A SINGLE EVENT UPSET
(SEU), WHICH FLIPS THE LOGIC STATE OF A MEMORY BIT WITHOUT CAUSING PERMANENT DAMAGE.

QZ ARE CONSUMER ELECTRONICS AFFECTED BY COSMIC RAYS?

A: YES/ CONSUMER ELECTRONICS CAN BE AFFECTED BY COSMIC RAYS, ALTHOUGH THE PROBABILITY OF A SIGNIFICANT FAILURE IS
LOWER COMPARED TO HIGH-RELIABILITY SYSTEMS. HO\X/EVER, SEUs CAN LEAD TO TEMPORARY GLITCHES, DATA CORRUPTION,
OR SYSTEM REBOOTS IN PERSONAL COMPUTERS AND OTHER DEVICES.

QZ How DOES ALTITUDE AFFECT COSMIC RAY EXPOSURE FOR ELECTRONICS?

A: ALTITUDE SIGNIFICANTLY INCREASES COSMIC RAY EXPOSURE FOR ELECTRONICS. THE EARTH'S ATMOSPHERE ACTS AS A
NATURAL SHIELD, SO AT HIGHER ALTITUDES (E.G., ON AIRPLANES OR IN SPACE), THE PROTECTION IS REDUCED, AND THE FLUX OF
COSMIC RAYS REACHING ELECTRONIC COMPONENTS IS MUCH HIGHER.

Q: WHAT IS THE DIFFERENCE BETWEEN A SOFT ERROR AND A HARD ERROR CAUSED BY
COSMIC RAYS?
A: A SOFT ERROR, LIKE AN SEU, CAUSES A TEMPORARY MALFUNCTION (E.G., FLIPPING A BIT) THAT CAN BE CORRECTED BY

REWRITING DATA. A HARD ERROR, SUCH AS SINGLE EVENT BurNoUT (SEB) or GATE RuPTURE (SEGR), CAUSES PERMANENT
PHYSICAL DAMAGE TO THE ELECTRONIC COMPONENT, RENDERING IT INOPERABLE.

Q: CAN COSMIC RAYS CAUSE LONG-TERM DAMAGE TO ELECTRONICS?

A: YES, CONTINUOUS EXPOSURE TO COSMIC RAYS CAN CAUSE CUMULATIVE DAMAGE, KNOWN AS TOTAL |oNIzING DosE (TID)
EFFECTS AND DISPLACEMENT DAMAGE. THIS DAMAGE SLOWLY DEGRADES THE PERFORMANCE OF SEMICONDUCTOR DEVICES OVER
TIME, LEADING TO EVENTUAL FAILURE.

Q: WHAT IS RADIATION HARDENING IN THE CONTEXT OF ELECTRONICS?

A: RADIATION HARDENING IS THE PROCESS OF DESIGNING AND MANUFACTURING ELECTRONIC COMPONENTS TO BE RESISTANT TO
DAMAGE FROM IONIZING RADIATION, INCLUDING COSMIC RAYS. THIS INVOLVES USING SPECIALIZED MATERIALS, DESIGN
TECHNIQUES, AND MANUFACTURING PROCESSES TO IMPROVE THEIR RELIABILITY IN RADIATION-RICH ENVIRONMENTS.

Q: How DO SATELLITES PROTECT THEIR ELECTRONICS FROM COSMIC RAYS?

A: SATELLITES EMPLOY A COMBINATION OF STRATEGIES, INCLUDING RADIATION"HARDENED COMPONENTS, SHIELDING MATERIALS,
REDUNDANCY IN CRITICAL SYSTEMS, AND ERROR DETECTION AND CORRECTION (EDAC) CODES FOR DATA STORAGE TO PROTECT
THEIR ELECTRONICS FROM COSMIC RAYS AND OTHER FORMS OF SPACE RADIATION.

QZ IS IT POSSIBLE TO COMPLETELY SHIELD ELECTRONICS FROM COSMIC RAYS?

A: COMPLETELY SHIELDING ELECTRONICS FROM ALL COSMIC RAYS IS EXTREMELY DIFFICULT AND OFTEN IMPRACTICAL DUE TO THE
HIGH ENERGY AND PENETRATING POWER OF MANY COSMIC RAY PARTICLES. HO\)VEVER, VARIOUS LEVELS OF SHIELDING AND
MITIGATION TECHNIQUES CAN SIGNIFICANTLY REDUCE THE RISK AND IMPACT.
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