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Outline

• Scope
• TID System/Board Level Testing
 Advantages and Disadvantages

• Single Event Effect System/Board Level Testing
 Advantages and Disadvantages

• Conclusion
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System Level Testing, What Are We Talking About?

System Level Testing: Board(s) testing (breadboard or EM) or COTS unit
System/Board level testing is not a new technique (common practice in some ISS applications)
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Radiation Effects Testing – In a Nutshell 
(Adapted from Muschitiello & Costantino, SERESSA 2018)

Total Ionising Dose Displacement  Damage Single Event Effects

Cumulative effect:
Gradual global degradation of device parameter

Probabilistic effect:
transient, permanent or static errors.

PERFORMANCE DEGRADATION
as function of :

CROSS SECTION 
(=Probability of SEE occurrence )

as function of: 
Total dose [rad(Si)] [Gy(Si)] – Co-60 Fluence [p/cm2] – protons

Displacement Damage Dose [MeV/g]
Linear energy transfer [MeV/mg/cm2] – ions

Energy [MeV] - protons

Other irradiaton test parameters:
Dose rate [rad(Si)/s] [Gy(Si)]

Other irradiation test parameter: 
Proton Energy [MeV], Flux [p/cm2/s]

Other irradiation test parameter: 
Flux[p/cm2/s] , particle range [um]
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Total Ionizing Dose Testing 

Radiation data on parts
(worst case bias) Worst-case analysis

Estimation of function degradation Design Validated

Measurement of 
Function(s) degradation

Part Level
Testing

Board 
Level
Testing
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TID Board Level Testing

Min distance Max dose rate
Irradiation area 20cm x 20 cm 
Dose rate 10-5krad (Si)/h
Distance 50 cm

Max distance Min dose rate
Irradiation area 3.6 m x 3.6 m 
Dose rate 40-20 rad (Si)/h
Distance 7.5m

• Board tolerance will the tolerance of the most sensitive part(s) in the board for their particular 
function(s)

• The approach is commonly used for RHA of hybrid devices and authorized in RHA ECSS standard
 DC-DC converters, oscillators,…



7

TID Board Level Testing

• Advantage
 Test time is reduced
 Parts are tested in application conditions

• Disadvantage

 Observability is reduced, 
 Test up to failure level is recommended

 Complicated test sequences
 Significant loss of RHA quality if sample size is low 

(1 board = 1 sample per device type in some cases)

o Maybe compensated with higher margins?
 If a single part is changed, whole board may have to be 

tested again
 Results cannot always be used for another application

 Component level is done for worst case bias condition

 Results come late in the design phase

Component A
Component C

Component DComponent B

Component E
Component

F

(After Rousselet, PhD thesis 2017)
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Single Event Effect Testing

Component 
Level 
Testing

Board 
Level 
Testing

SEE criticality analysis
(analysis of function response to SEE in parts)

SEE rate calculation

Design Validated

SEE rate calculation

Measurement of SEEs cross-
sections of each part used

Observation of effects of SEE in parts to the function

measurement of SEE cross 
sections
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SEE Board Level Testing
In most cases one component is irradiated at a time even 
when several components on a board shall be tested

 Max beam area in common facilities is generally limited
 Ions ~ 2*2 cm
 Protons ~8*8 cm

 In flight, probability of hitting 2 components on a board at the 
same time is negligible 
 GCR flux ~4 ions/s-cm2

 Irradiation test conditions vary in function of tested 
component (flux, fluence, LET,..)

There is little gain in test and beam time
when doing board level SEE testing
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SEE Board Level Testing
• Advantages

 Board Testing allows testing in application conditions
 Final design (FPGA, ASIC)
 Application software (processors)
 Test of mitigations (SEL, EDAC, TMR. scrubbing, SET filtering..)
 Analog SETs

• Disadvantages
 Complicated test sequence

 Test order, Different test programs per part,..

 Mitigated designs (ie TMR) can only be tested at low flux
 Use of a lot of beam time

o Can be improved with adaptation of setup (scrub frequency,…)

 Long testing (lot of parts) with often unexpected results
 A single test campaign is often not enough to obtain complete and satisfactory results

 Test results for a part may not always be used for another application (ie. analog SETs)

 Results come late in the design phase
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Conclusion
• Board level testing could guarantee a good quality of RHA 

when it is done right
 Sufficient sample size and margin for TID
 Ion and proton testing for SEE with sufficient statistics

• Board level testing is a risky approach
• A mixed approach between component level and board 

level could be the optimal approach
 SEE board level testing to test ASICs, FPGAs in their final 

design, and processors or SoCs with their application 
software is essential
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Useful Reading
• “RADSAGA System-level Testing Guideline for Space Systems,” CERN Publication, 

EDMS 2423146, 2020

• “Board Level Proton Testing Book of Knowledge for NASA Electronic Parts and Packaking
Program,” S. Guertin & al., JPL Publication 17-7 11/17, http://nepp.nasa.gov

• “Guidelines for SEE Testing of COTS Electronics Using Proton Board Level Testing,” S. Guertin & 
al., NASA WBS: 724297.40.49 , http://nepp.nasa.gov 

http://nepp.nasa.gov/
http://nepp.nasa.gov/


13ESA UNCLASSIFIED – For ESA Official Use Only 

Back-up slides
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SEE Board Level Testing - Example
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TID Board Level Testing - Example
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