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Che componentistica utilizzare in 
missioni con bassi livelli di radiazioni:

total dose: tra i 2 e i 15Krad
Latch-up: >36MeVcm2/mg
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Obbiettivo:
Soddisfare i requisiti della missione
utilizzando componentistica non rad hard 
con un buon grado di confidenza
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Selezione dei componenti:

- Resistenza alle radiazioni
- Livello di qualità
- Caratteristiche design

NB: non c’è nessuna garanzia sul lotto di 
produzione
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Esistono data base in web 
NASA   http://radhome.gsfc.nasa.gov/top.htm
ESA    https://escies.org/splash.html
ERRIC  http://erric.dasiac.com/
NASA JPL  http://radnet.jpl.nasa.gov/cgi-
win/1/FrontPage_CGI_Project?|main
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Contenuti
•Test di Total Dose 
•Latch-up 
•Single Events Upset
•Single Events Transient
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JPL DATA BASE: Heavy Ions Test.
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Dati, in un report NASA, sul dispositivo elettronico testato :
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Misure dei parametri a vari step di total dose
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LM124 Heavy transient test

Esa report ESA_QCA0312S_C
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LM124 Heavy transient test

Esa report ESA_QCA0312S_C. cnt.
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LM124 Heavy transient test

Esa report ESA_QCA0312S_C. cnt.
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Attenzione:
Date code dei componenti quasi sempre non 
recenti.
Dalla data dei test ad oggi il componente può
aver subito delle variazioni tecnologiche sul
die che possono cambiare considerevolmente
le sue prestazioni rispetto alla tolleranza alle
radiazioni. Vediamo un esempio:
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NASA 
Report: 
PPM-94-
038
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NASA 
Report: 
PPM-94-
038 cnt.
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LM139 (National semi) Total dose test 
ESA report: ESA-QCA-RTR-LM139-00102

Out of specification a 3Krad!
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ESA report: ESA-QCA-RTR-LM139-00102 cnt.

Degrado della Vos 1,5Krad
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Problema: i dati di total dose del transistor 2N6796 
mostrano un fuori specifica a  10Krad
(GSFC NASA Report  PPM-97-039)

Il requisito della missione è >10Krad.
Soluzione: eseguire dei test sul lotto acquistato
Rischio: rifiuto del  lotto se il risultato dovesse
essere negativo. Il costruttore ovviamente non può
dare nessuna garanzia sul lotto



Carlo Gavazzi Space S.p.A.

INFN-Laboratori Nazionali di Legnaro 7 aprile 2005

Dal report NASA PPM-97-039:
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Dal report NASA PPM-97-039 ctn.

Caratteristiche elettriche del 2N6796
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Dal report NASA PPM-97-039 ctn.

Misure effettuate dopo esposizione a Total Dose
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Il testo è stato eseguito dalla IGG (UK)

Description
This test was performed to evaluate the performance 
of the component type
2N6796 when subjected to a total dose steady state 
irradiation up to
100KRad(Si) applied with a dose rate of 10.0 
Rad(Si)/s. This component is a
Power MOS Field Effect Transistor, N Channel, in a 
TO-39 Metal Can Package.
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Description (ctn):

The test method adopted was ESA/SCC 22900, 
Figure II. The dose rate
employed was 10.0 Rad(Si)/s with electrical 
testing performed at 1, 2, 5, 10,
15, 25, 50 and 100kRad(Si).  The sample size was 
3 with one control sample.
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Bias Condition and Circuit:
The bias condition used during irradiation test was:
Drain-Source Voltage  VDS  = 30V
Gate-Source Voltage  VGS  = 10V
Resistor  R  = 300  10%

at Tamb = +25 ±5°C
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Dispositivi sotto test
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Test sequence (cnt.).
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The component stayed within specified limits for all 
specified electrical
parameters up to a dose of 15KRad(Si), applied as 
detailed per ESA/SCC22900.
This component appears to be fairly robust under the 
conditions it was tested
and can be considered hard, i.e. within all specified limits, 
to 15Krad when
tested under these conditions.
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Calcolo del SEU rate in una
missione

Caso: FPGA ACTEL A1280 e A1020 su l’orbita della ISS

Si parte dal calcolo del SEU rate associato al dispositivo:

Average SEU rate = 6.3 10-7. error/day*bit
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Diagramma della cross section per le due 
FPGA (data from NASA db)
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Board name Number/Type
of ACTEL

device

Number of
Logic Cell

used

Number of
Total  Logic

Cell available

Number of  Logic
Cell considered for

SEU calculation
Analog Input Board
(AIB)

1/A1280A 172  2) 1232 250 (margin > 40%)

Power board #1
(PB1)

1/A1280A 900   3) 1232 1000 ( margin > 10%)

Power Board #2
(PB2)

1/A1020 450   4) 547 500 ( margin > 10%)

Power Board #3
(PB3)

2/A1020 450   4) 547 500 ( margin > 10%)

Notes:
1) Data coming from Actel Designer Lite  performed on the  FM FPGA design,  all the functionality indicated

in RD3 section 3.1.2 included with the only exception of the Watch Dog Timer.
2) Data coming from Actel Designer Lite  performed on the  FM FPGA design
3) Data coming from Actel Designer Lite
4) Data based on the XXX project,
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Calcolo del SEU rate 

Device/Board
name

Seu Rate
(error/day*bit
or day*Logic

cell)

Number of
Logic Cell

Mission Time
(years)

Duty cycle
(see RD4)

SEU
events,errors

/mission

A1280A/AIB 6.3E-7 250  3years 1 0.17 events
A1280A/PB1 6.3E-7 1000  3years 1 0.69 events
A1020/PB2 * 6.3E-7 500  3years 1 0.35 events
A1020/PB3 * 6.3E-7 500  3years 1 0.35 events
Notes:
* Worst case estimation
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For the calculation of the total number of events 
during the mission it has to consider all the FPGAs
used in the mission, therefore the following avionics 
configuration shall be considered:
N. 1 PB1 Board
N. 1 PB2 Board
N. 1 AIB Board
N.2 PB3 boards

Starting from the  the total number of events in the 
mission is:

1,91 events
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Effetti del SEU sul sistema

E’ importante valutare gli effetti del SEU sul sistema.

Capire se il sistema si porta in stati di non ritorno o 
eseguire operazioni fuori controllo. 

Fare un’analisi di FMECA sui componenti coinvolti
nel SEU e capire gli effetti sul sistema
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Part Type SEU LET
th/Cross sec.

SEU effects

AD574AUD A/D 12bits
S/W filtering action on telemetry data reading.
Non consequences on the system

54HC74 Dual D FF
In the worst case erroneous switch-off of an outlet.
In any case this device would not be sensitive to
SEU in fact the 54HC374 (octal D-F/F) has a SEU
LETth > 75MeVcm2/mg (JPL data ase)

54ABT16373W-QML Latch 16x
> 100 for parts in the
same family (JPL
data base)

S/W filtering action on telemetry data reading.
Non consequences on the system.
Erroneous power on/off of the thermistors current
supply . No  temperature reading until the current
supply is switched on.

A1280A-1 CQ172B FPGA
Temporary (1 telemetry reading cycle) Error in
status bit monitoring of power boards.
Erroneous activation/Deactivation of Power
Boards functions

A1020B-CQ84B FPGA
Temporary (1 telemetry reading cycle) Error in
status bit monitoring of power boards .
Erroneous activation/Deactivation of Power
Boards functions

AD822SQ /883B OP-AMP
Filtered by  downstream circuit


	Che componentistica utilizzare in missioni con bassi livelli di radiazioni:total dose: tra i 2 e i 15KradLatch-up: >36MeVcm2
	Obbiettivo:Soddisfare i requisiti della missione utilizzando componentistica non rad hard con un buon grado di confidenza
	- Resistenza alle radiazioni - Livello di qualità - Caratteristiche design
	Esistono data base in web NASA   http://radhome.gsfc.nasa.gov/top.htmESA    https://escies.org/splash.htmlERRIC  http://err
	Contenuti
	LM124 Heavy transient testEsa report ESA_QCA0312S_C
	LM124 Heavy transient testEsa report ESA_QCA0312S_C. cnt.
	LM124 Heavy transient testEsa report ESA_QCA0312S_C. cnt.
	Date code dei componenti quasi sempre non recenti.Dalla data dei test ad oggi il componente può aver subito delle variazioni
	LM139 (National semi) Total dose test ESA report: ESA-QCA-RTR-LM139-00102
	ESA report: ESA-QCA-RTR-LM139-00102 cnt.
	Problema: i dati di total dose del transistor 2N6796 mostrano un fuori specifica a  10Krad(GSFC NASA Report  PPM-97-039)Il
	Il testo è stato eseguito dalla IGG (UK)
	Description (ctn):
	Calcolo del SEU rate in una missione
	Diagramma della cross section per le due FPGA (data from NASA db)
	Calcolo del SEU rate
	Effetti del SEU sul sistema

