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Beyond Gravity in Numbers

1800
employees* across 

12 sites in 6 countries

100  %

 mission success

Products on 1000
payloads delivered to space

More than 50
years of experience120

successful launches 

with strategic partner 

ULA

R&D spending 12.7 m 

CHF in 2024

1270
 successful separations

CHF 359 m

net sales in 2024

* includes employees for support functions.
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ÅOwned wholly by Swiss Confederation

ÅMain markets: Europe and United 

States 

ÅFocus: satellite, spacecraft and launch 

vehicle development and operations

ÅCompetence domains: 

ÅElectronics

ÅMechanical and thermal

ÅStructures and Separation systems

ÅSites in Switzerland, Finland, Austria, 

Sweden, USA and Portugal

Beyond Gravity

General



Our Global Footprint in 

Europe & the US. 

Decatur

Titusville

Finland
Tampere

Austria
Vienna
Berndorf

Switzerland
Zurich-Circle (HQ)
Zurich-Seebach
Emmen
Nyon
  

Sweden
Gothenburg
Linköping

Portugal
Lisbon

Beyond Gravity Finland Oy
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Satellites.
Enabling Missions 
That Shape Our World.

Beyond Gravity Finland Oy
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Beyond Gravity Finland

30 employees located in Tampere. 

ÅA leading space company in Finland with globally 

recognized engineering capabilities on interface and 

power electronics for institutional and commercial 

customers alike. 

ÅState-of-the-art manufacturing and testing facility with 

220m2 clean room area (certified ISO 8).

ÅProvider of Radiation testing services for electronics 

components and hardware in close cooperation with 

national testing facilities

ÅProducts deliveries to over 40 ESA missions since 

activities started in 1985.

Beyond Gravity Finland Oy
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Hollming , Electronics  (1985 ï 1991)

Å Space projects started

Finnyards , Electronics  (1991 ï 1997)

Å First flight to Orbit 1992

Finavitec    (1997 ï 1998)

Patria     (1997 ï 2015)

Beyond Gravity  (2015 ï)

9

History
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Beyond Gravity Finland 

Focus areas

SUBSYSTEMS

PLATFORM AVIONICS  

SERVICES

ELECTRONIC POWER

ENG MGMTTESTINGMANUFACTURING

Beyond Gravity Finland Oy
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Space Missions
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The hard life of a satelliteé

Thrilling Launch

Long Journey

Extreme environment

https://blogs.esa. int/eolaunches/files/2018/08/Aeolus_lif ts_off-1024x724.jpg

https://mk0spaceflightnoa02a.kinstacdn.com/wp-content/uploads/2017/03/32654666113_26d09b05a3_k-768x512.jpg

https://airbus-h.assetsadobe2.com/is/image/content/dam/products-and-solutions/space/space-
exploration/solarorbiter/solar-orbiter-landscape-image-astrium.jpg?wid=1920&fit=fit,1&qlt=85,0
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Different Orbits: 

Å LEO

ÅMEO

Å GEO

Å HEO
Å Deep Space

Different mission durations 

Å Short-term (weeks)

Å Medium-term (1ï5 years) 

Å Long-term (10+ years)

Different applications

Å Communication

Å Earth Observation

Å Navigation

Å Scientific
ÅMilitary
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Mechanical Ground 

Support System

Solar Array Drive 

Assembly System

Satellite Power System

Payload Systems

Payload Communication System

High Performance Processing System

Radio Occultation System

RF Sensing System

Platform Communication System

Thermal Management System

Structure System

GNSS Navigation System

Satellite Sub -Systems

Integrated Avionics System

Modular Electronics System

On-board Data Networks

Satellite Dispenser 

System

Thruster Pointing System
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Traditional vs New Space

14

Traditional Space New Space

High cost , government-funded Low cost , commercial-driven

Custom , highly engineered designs Standardized , modular designs

Long mission duration (years), 

various orbits(LEOéDeep space),

few large spacecraft

Shorter missions (months to few years), 

mostly LEO orbits,

(can be) many small spacecraft

Low risk tolerance, extensive testing and analysis Higher risk tolerance, rapid iteration

Slow technology refresh Fast adoption of new tech

Inherently radiation -hardened technologies and 

designs

COTS technologies and designs, up-screening for 

space use

Strict qualification requirements for components 

and assembly methods

Formal qualification not mandatory (but often 

required or requested by customer)
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New Space

Å(Mega)constellations, cubesats: hundreds up to thousands of satellites

ÅOnly possible with cheaper developments ï expectation: 1/10 of traditional costs

ÅCheaper parts: automotive, commercial

ÅFailure handling: more digital functions, more S/W, autonomous corrections

ÅFailures may be accepted if they can be handled autonomously

ÅReduced reliability may be accepted

ÅUse of COTS parts not possible or reasonable in all areas

ÅProblems
-Radiation hardness

-Traceability (different characteristics of same parts depending on supplier and date code)

-Reliability, how to verify with no statistical data in space conditions

The challenge: highly reliable units built with ñunreliableò parts

15



Space Environment
2
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Space Environment Overview

ÅVibration and shock during launch

ÅVacuum Conditions: No atmosphere

-Outgassing and material evaporation risks

-Corona risk during depressurization, venting

ÅTemperature

ÅRadiation

-Solar particles, cosmic rays, trapped radiation belts

ÅMicrogravity

-Minimal mechanical stress but impacts fluid 

behavior and heat transfer

-Loose particles inside units or component cavities

can cause problems

17

Artist's view of Copernicus Sentinel-6B being released into orbit by a Falcon 9 rocket. CREDIT: ESA - D. Ducros
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Vibration & Shock

ÅVibration during launch, shock at separation, 

deployment of solar panels, etc.

ÅEffects
-Parts and solder joints can be destroyed, through-hole 

leads can rupture

-Special packages (lead construction) and mounting 

required

18

https://cdn.mos.cms.futurecdn.net/
53t9bqsmnsgVLqoyBYnPwa-650-

80.jpg.webp

https://spacef light101.com/soyuz-vs15/wp-
content/uploads/sites/86/2016/05/Artist_s_impress

ion_of_the_Soyuz_Fregat_fairing_separation-

512x384.jpg

https://spaceflight101.com/soyuz-vs15/wp-
content/uploads/sites/86/2016/05/Galileo_s_Fregat_sep

arating_node_full_image_2-512x384.jpg

https://cdn.vox-
cdn.com/thumbor/vTA7ByV9PmaYtL2WWIiXXGs2puw=/0x0:4267

x2400/920x0/f ilters:focal(0x0:4267x2400):format(webp):no_upscal

e()/cdn.vox-
cdn.com/uploads/chorus_asset/file/8080553/L1inSpace_a. jpg_cm

yk.jpg

https://www.esa.int/var/esa/storage/images/esa_multimedia/images/2019/04/microscopic_view_of_cra
cked_solder_joint/19332783-1-eng-GB/Microscopic_view_of_cracked_solder_joint_pillars.jpg

tying of heavy parts glueing

special packages + 
leads
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Temperature

ÅTemperature Extremes: -180°C to +120°C 

depending on sunlight exposure

ÅSatellite is protected via thermal insulation foils

Åand is cooled via radiators or heated via heaters

ÅCooling in space only works via thermal radiation

ÅEffects
-Electronics is exposed to ~ -30°C to +85°C temperature 

on the PCB (more on/in the parts; limit is typ. 125°C)

-Low headroom in particular for power electronics (safe 

operating area, SOA)

-Parameters vary in wide range (e.g. leakage currents 

double every ~10°)

-Extensive analysis
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multilayer insulation

radiator-panel on satellite
https://sci.esa.int/documents/34795/35668/1567216780512
-BepiColombo_MPO_LSS__PAVO-5818_625.jpg

https://artes.esa.int /sites/default /files/hiresimage/objectives.jpg
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What Is Space Radiation ?

ÅPrimary radiation consists of charged particles:
-Electrons

-Protons (hydrogen ions)

-Heavy-ions

ÅParticles have mass and speed i.e. (kinetic) 

energy: E = ½mv²
-Energy usually expressed in electron-volts

-1 eV = 1.602E-19 J Ý practical units: keV, MeV, GeV, TeV

ÅSecondary (or scattered) radiation is caused by 

primary radiation interaction with shielding / 

spacecraft material:
-Detaching new particles (incl. neutrons)

-Emitting photons (bremsstrahlung)

20

TRAD, Space Radiat ion Environment, Athina 
Varotsou, 14.05.2013
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... Where Main Particles Come from ?

ÁTrapped particles at radiation belts (van Allen belts)
(Jupiter and Saturnus also have radiation belts)

Ý electrons (outer belts), protons (inner belts)

ÁSolar wind
(More relevant in interplanetary mission; Earthôs magnetosphere provides protection 

against solar wind)

Ý electrons, protons

ÁSolar flares, coronal mass ejections 
(Solar Particle Events; SPEs)

Ý protons, heavy-ions

ÁGalactic Cosmic Rays (GCR)

Ý protons, heavy-ions

ÝRadiation environment depends on mission i.e. orbit / 

trajectory, duration and launch date (w.r.t. solar cycle) !

21

www.lpi.usra.edu/education/explore/space_health/presentatons/wu.ppt

http://www.uio.no/studier/emner/matnat/fys/FYS4220/h11/undervisningsmateriale/ forelesninger-vhdl/
Radiation effects on space electronics.pdf

Orbits :

LEO

Â MEO

Â HEO

Â GEO
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... and What They Cause ?

in Electronics (Semiconductors): 

ÅTotal ionizing dose (TID)
Å Accumulation of ionizing dose deposition (i.e. charge trapping)

Û Trapped particles, Solar particles, secondary radiation

ÅDisplacement damage (DD), or Total non-ionizing dose (TNID)
Å Accumulation of crystal lattice defeats

Û Trapped particles, Solar particles, secondary radiation

ÅSingle event effects (SEE), or phenomena (SEP)
Å Observable effect resulting from high ionizing dose deposition in sensitive region 

of device, and caused directly / indirectly by single (high energy) particle

Û GCRs, Solar Flares, Trapped protons, (Jovian electrons)

in Materials: 

ÅAging, degradation of physical properties

ÅCharging in insulators Ý ESD, break-down

22

https: //indico.cern.ch/event/635099/contribut ions/2570674/attachments/1456398/2248961/
Radiation_Effects_and_RHA_ESA_Course_9-10_May_2017_TID_MP_FINAL.pdf & ECSS-E-HB-10-12A



Electronics Design 
for Space

3
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SWaP  Design Considerations

ÅSWaP = Size, Weight and Power

ÅThermal performance

-Thermal dissipation of components directly impacts reliability

-Heat from the die is only conducted through the component case to PCB, low thermal resistance 

necessary

-Thermal path from case to PCB can be improved with special assembly, but adds cost and complexity

ÅSize and weight

-Launch cost increases per kilogram

-Heavy components need special assembly due to vibration and shock

-Radiation shielding requirements lead to mass increase

24
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Low -Power Design Considerations

ÅLow power consumption is extremely important

-Available power capacity is limited by solar array area

-Peak power is limited by battery capacity

ÅLow-power modes

-Reduced clock frequencies

-Partial shut-down (clock and/or power)

-Can be even long hibernation periods ï reliable wake-up!

ÅPerformance per Watt to be considered

-The most high-end component may not be best fit

-Parallelism and pipelining to operate at lower frequencies

-Optimized algorithms for fewer operations and memory accesses

25
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Reliability

Å15+ years of operation without repair

ÅBath-tube curve

ÅSingle failure must not propagate

ÅFailure mode effects and criticality analysis FME(C)A

ÅCountermeasures
-Burn-in tests

-Redundancy (EDAC, H/W, etc.), e.g. multiple elements, additional bits in data, etc.

-De-rating: parts are not allowed to be used up to their maximum rating  (e.g. 60% voltage for capacitors)

ÅFailure rate analysis based on statistical failures, via databases (e.g. MIL-HDBK-217F, FIDES)

ÅOften high autonomy required
-Signal transfer time can take several minutes, e.g. 3min..20min to Mars

- For interplanetary missions no permanent communication with spacecraft (e.g. communication with Mars-Rover 1x per 

day for a few minutes)

26

https://www.statisticshowto.com/bathtub-shaped-distribution/
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Radiation -Tolerant Chip Design 
Techniques 1/2

ÅSilicon-on-Insulator (SOI)

-Adds an insulating layer between the silicon substrate and active devices

-Reduces charge collection during particle strikes Ÿ mitigates Single Event Effects (SEE)

ÅEnclosed Layout Transistors (ELT)

-Special transistor geometry that prevents parasitic leakage paths

-Common in CMOS designs for latch-up prevention

ÅGuard Rings & Isolation Structures

-Surround sensitive nodes to drain excess charge 

-Improves immunity to latch-up and transient effects

ÅUse of Wide Bandgap Materials

-SiC and GaN devices for high radiation tolerance and thermal stability

ÅLow-Power CMOS Designs

-Reduce power and heat for improved reliability in harsh conditions

27
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Radiation -Tolerant Chip Design 
Techniques 2/2

ÅHermetic Sealing

-Protects chips from contamination and outgassing in vacuum environments

ÅShielded Packages

-Protects die from radiation with additional material

ÅTriple Modular Redundancy (TMR) 

-Replicates logic three times with majority voting for fault tolerance

-Ensures correct output even if one module experiences an upset

ÅError Detection & Correction (EDAC)

-ECC algorithms detect and correct bit flips in memory

-Often combined with scrubbing (periodic memory refresh)

ÅHardened Libraries & Processes

-Radiation-hardened standard cell libraries for ASICs and FPGAs

-Specialized fabrication processes (e.g., RHBD ïRadiation Hardened By Design)

ÅLatch-up protection (fast reaction to overcurrent)

-Either within the component or with an external protection circuit

28



Summary

Important aspects to consider when designing for space:

ÅRadiation tolerant technologies and designs

ÅSize and weight

ÅPower efficiency

ÅReliability

ÅMaterial selection for vacuum

ÅTraceability of materials and processes

29



Thank You!
Questions?

30

Pia Koivisto

Lead Electronics Systems Engineer

Beyond Gravity Finland Oy

Naulakatu 3 | 33100 Tampere | Finland

Pia.Koivisto@beyondgravity.com

beyondgravity.com

Beyond
Gravity
on 

Beyond
Gravity
on X

Beyond
Gravity
on 

BG on
Instagram

mailto:Pia.Koivisto@beyondgravity.com
https://www.beyondgravity.com/
https://www.youtube.com/channel/UCcMB8wxPRhNn4seZPIeFU0g
https://twitter.com/Beyondgravity_S
https://www.linkedin.com/company/beyondgravity
https://www.instagram.com/beyond_gravity_space


More Information
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TID - Levels (TIDL)

ÁñLevelò is measured as absorbed (deposit) dose:
Á Energy absorbed locally per mass unit

Á [TID] = rad(Si) (*) = 0.01 Gy (Gray) = 0.01 J / kg
(*) rad = radiation absorbed dose

ÁLevel is determined by:
Á Environment

Á Orbit (or trajectory), mission duration, launch date

Á Shielding (of die) provided by:

Á Partôs case (own / others)

Á Unit housing, PCBs, connectors etc.

Á Spacecraft and other units

ÁTIDL analysis methods:
Á Minimum thickness

Á Sector analysis

Á (Reverse) Monte Carlo

32
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TID - Sensitivities (TIDS)

ÁTolerance / sensitivity not definite, can be defined by e.g.:
Á Initial (pre-rad) specification

Á Post-rad specification

Á Ultimately, when system performance is still met

Ý Target of interest: being in specification vs. drift, or both ?

ÁSensitivity can be dose rate dependent
Á Enhanced Low Dose Rate Sensitivity (ELDRS) in Bipolar/Bi-CMOS parts

Ý Test set-up / available test data (HDR vs. LDR vs. ELDR)

ÁTolerance indicated or evaluated via
Á Specification / manufacturer guarantee (RH devices)

Á SMD / JANS number (HDR)

Á Part variants (ELDRS)

Á Each diffusion lot TID-tested (w.r.t. specification)

Á Custom radiation tests (RH + COTS devices)

Á Behavior in intermediate dose steps

Á (Enhanced) selection of test parameters

Á (Enhanced) selection of bias conditions

33

RHA

Designation

TID Level Examples

M 3 kRad 5962 R 88565 02 VDA: 100 kRad HDR guaranteed OP471

D 10 kRad (note post-rad specification)

P 30 kRad

L 50 kRad 5962 R 88565 04 VDA: 100 kRad HDR /

R 100 kRad 50 kRad ELDRS guaranteed OP471

F 300 kRad (note post-rad specification)

G 500 kRad

H 1 MRad JANS R 2N7486 U3: 100 kRad guaranteed JANS2N7486

(note post-rad specification)
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TID ð Impacts and Mitigations (1/3)

ÁTypical impacts (*):
Á Parameter changes / drifts:

Á hFE / CTR degradation in BJTs / optos

Á Bias / leakage current drifts

Á Offset- / reference / -threshold voltage drifts

Á In-rush current increase (in FPGAs)

Á Timing / switching parameter drift

Á (Eventually) functional failures:

Á Data retention (in memories)

Á Reduced resolution (e.g. in ADCs)

ÁDrifts can be:
Á Linear, logarithmic, exponential, ... by nature

Á Bias dependent (ON vs. OFF, supply voltages)

Á Manufacturer / process / lot dependent

Á ... and may recover in hot (Ý annealing)

Á (Highly scaled CMOS tech. tends to be less sensitive)

34

Comparator

Quad Op. Amp.

Lin. Regulator

12-bit ADC
R1= Ref., R2-4 = ON-biased, R5 -7 = OFF-biased

(*) Not all parts or parameters are impacted.
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TID ð Impacts and Mitigations (2/3)

35

ÁOne sided tolerance limits (KTL):
Á Only a few samples of population (lot) is TID-tested

Á Indicate how the samples represents the population at given 

probability (P) and confidence level (C)

Á Limit = Mean ± KTL * Std.Dev

Á where KTL = f(n, P, C)

Op. Amp. Input bias current

Comparator input offset voltageNPN transistor

N P=90% | C=90% P=95% | C=90%

3 4.259 5.311

4 3.188 3.957

5 2.742 3.400

6 2.493 3.091

7 2.332 2.894

Source: MILȤHDBKȤ814
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TID ð Impacts and Mitigations (3/3)

36

ÁMitigations or countermeasures:
Á Reduce (evaluated) TIDL

Á More detailed modelling / accurate analysis

Á Additional shielding / constrained layout (to ñburyò sensitive parts)

Á Enhance (required) TIDS

Á Take drifts into account in design / WCA

Á Use components in less sensitive mode / bias condition

Á Compensate

Á Change to more tolerant component

Á (Process doping / hardening by design)

Á Provide compensation (methods) in design (HW and/or SW)

COTS N-MOSFET
Switching at 33%
Switching at 67%

Static ON

COTS 16-bit ADC 
with special package
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TNID / DDEF - Levels (TNIDL / DDEFL)

ÁñLevelò is measured as absorbed (deposit) dose:
Á Energy absorbed locally per mass unit

Á [TNID] = MeV / g

Áor as Displacement Damage Equivalent Fluence:
Á Equivalent fluence for mono-energic particle (e.g. 50 MeV protons)

Á DDEFp,E = TNIDmat / NIELp,E,mat

Á [DDEF] = # / cm2

ÁNIEL (Non-Ionizing Energy Loss)
Á Displacement kerma (Kinetic Energy Released to MAtter)

Á Particle, its energy and target material dependent factor

Á Determined via scientific experiments

Á Also used to convert among DDEFs

Á DDEF2 = (NIEL1 / NIEL2) Å DDEF1

Á [NIEL] = MeV Å cm2 / g

37

NIEL in Silicon
https://indico.cern.ch/event/635099/contribut ions/2570677/attachments/

1456311/2249920/4_RHA_CERN_10_May_2017_CP.pdf
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TNID / DDEF ð Sensit . and Impacts

ÁPotentially sensitive technologies
Á Optical devices (opto-coupler, LED, laser diode) and optical materials

Á Electro-optic sensors (CCD, APS, photodiode, phototransistor)

Á Bipolar / Bi-CMOS circuits, BJTs and zener / low leakage / reference diodes

when DDEF @ 50 MeV protons > 2E+11 # / cm2

ÁSensitivity not specified by SMD as for TID
Á Custom tests

Á Manufacturer tests / characterizations

ÁTypical impacts:
Á Opto-couplers: CTR degradation

Á DD impact is usually more dominant than TID impact

Á BJTs: hFE degradation (particularly in low-current condition)

Á PNP more sensitive than NPN

Á Diodes: increased leakage current / forward voltage

Á TNID analysis methods and mitigation methods as in TID

Á TNID degradation shall be combined with TID degradation

38

Intersil : HS-117RH
2.0E+11 (50MeV proton) = 3.8E+11 (1MeV neutron)

Astrium: TEC.LB.01.NT.313 (ESA_QCA0113T_C)



Beyond Gravity Finland Oy

SEE ð òLevelsó

ÁHeavy-ion (LET) and proton (energy) spectra
Á Particle fluxes (incremental or differential)

ÁTypical environmental / temporal conditions
Á ñQuietò / Out-of-Flare

Á GCRs (HIs), Trapped protons

Á ñFlareò / Worst Week / Worst Day / Peak 5 min ...

Á Solar HIs, Solar protons

Á Roughly 1 worst week per 5 years

Á South Atlantic Anomaly (SAA)

Á Trapped protons

ÁShielding
Á No much impact for GCRs

Á No shielding or ñstandardò shielding

of 1 g/cm2 (å 3.7 mm) usually used

Á Some impact on Solar Particles

Á ñStandardò 1 g/cm2 usually used

39

SAA: > 92 MeV protons at 800 km @ Solar maximum [# /  cm2 / s]
https://indico.cern.ch/event/635099/contribut ions/2570659/attachments/

1456183/2249867/2_Radiation_Effects_and_RHA_ESA_Internal_Course

_9_May_space_environment_HE.pdf
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SEE ð Destructive Effects

ÁLatch-up (SEL)
Á High current by trigger of parasitic PNPN thyristor structure in device Ý thermal effect

Á Technologies: bulk CMOS / Bi-CMOS

Á Mitigation: donôt use, current limitation / monitor + power cycling (and I/O isolation)

ÁBurn-out (SEB)
Á High current by trigger of vertical N-chan transistor accompanied by regenerative feedback 

(power N-MOSFET is in OFF state) Ý thermal effect

Á Technologies: power N -MOSFET (disc. or IC), IGBT, power BJT, Schottky diode , (bipolar IC)

Á Mitigation: donôt use, derate  (SEE-SOA), (current / power limitation + cycling)

ÁGate Rupture (SEGR) / Dielectric Rupture (SEDR)
Á Formation of conducting path in gate oxide / ionization of dielectric i.e. field across dielectric 

exceeds critical value Ý voltage breakdown

Á Technologies (SEGR): power MOSFET  (discrete or embedded in IC) 

Á Technologies (SEDR): lin. device  (capacitor), flash /EEPROM (charge pump), antifuse

Á Mitigation: donôt use, derate  (SEE-SOA)

ÁSnapback (SESB): Avalance current amplified by parasitic transistor in MOSFET Ý thermal effect

40

https://indico.cern.ch/event/635099/contribut ions/2570659/
attachments/1456183/2249867/2_Radiat ion_Effects_and_RHA_

ESA_Internal_Course_9_May_space_environment_HE.pdf
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SEE ð Non -destructive Effects 1/2

ÁUpset (SEU) / Multiple Bit Upset (MBU)
Á Bit flip(s) in digital register element (flip-flop, memory cell, ...)

Á Technologies: (VLSI) logic, memories

Á Mitigation: TMR (voting), EDAC (error detection/correction), ...

ÁHard Error (SEHE)
Á ñStuckò (unalterable) bit

Á Technologies: DRAM, NAND-flash , resistive-load SRAM

ÁTransient (SET) / Disturb (SED)
Á Impulse response (momentary spike) of certain amplitude and duration

Á Technologies: linear device, opto -coupler (SET), digital logic (SED)

Á Mitigation: Analog/digital filter or voting, ñAND-ingò (open collector devices), ...

ÁFunctional Interrupt (SEFI)
Á Temporary non-functionality / interruption of normal operation (as result of local 

SEU/SET) in complex devices (ADC, processor, memories with controller, 

FPGA, comm. protocol IC, POL-converter, PWM-controller, ...)

Á Some SEFIs may lead to such ñdeadlockò which requires device power-cycling

41

Device SET nature at device output

Amplitude Duration

OP-amp. æVmax = ÑVccætmax = 15 Õs

Comparator æVmax = ÑVccætmax = 10 Õs

Volt. reg. æVmax = ÑVinætmax = 10 Õs

Volt. ref. æVmax = ÑVccætmax = 10 Õs

Opto-coupler æVmax = ÑVccætmax = 100 ns

PWM

PLL

Double Pulses, two missing pulses, 

multiple missing pulses in a row, 

device shut off/soft restarté

Transients and permanent changes in 

output voltage. In synthetizer circuits 

can cause phase, amplitude and 

frequency transients with duration 

determined by loop response.

"STANDARD SETs"

If not properly taken into account, soft effects 

can propagate locally or to higher level and 

cause data corruption, unintended commands, 

reset / switch-off, overvoltage conditions ...

Ý reduced availability

Ý loss of mission in worst case !
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SEE ð Non -destructive Effects 2/2

42

PWM Controller

Comparator

Lin.RegulatorOp.-Amp.

Op.-Amp.

Dual-channel ADC with complement channel stimuli
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SEE ð Sensitivities (in General)

ÁSensitivities evaluated via experimental tests
Á Tests with heavy ions (and protons if necessary)

Á Event criteria, especially for SET, impact obtained sensitivity

Á Cross section = # of events / fluence, [cross section] = cm2

Á LETth = threshold LET value SEEs start to appear

Á ñSensitivityò described by LETth and saturation cross-section(s)

Á SET / SED envelope and SEFI behavior also desired / required 

information

Á If LETth for heavy-ions (in silicon):
Á Ó 60 MeVÅcm2/mg Ý considered immune (in Europe)

Á < 60 MeVÅcm2/mg Ý (impact / rate) analysis for HIs

Á < 15 MeVÅcm2/mg Ý (impact / rate) analysis also for protons

Á If SEE impact propagates
Ý SEE (+ outage) rate / end-effect need to analyzed (and submit for 

customer approval)

Û Test data is needed !

43

Op.-Amp.


