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Abstract: Single Event Transients in analog and 
digital electronics from space generated high 
energetic nuclear particles can disrupt either 
temporarily and sometimes permanently the 
functionality and performance of electronics in 
space vehicles. This work first provides some 
insights into the modeling of SET in electronic 
circuits that can be used in SPICE-like simulators. 
The work is then directed to present 
methodologies, one of which was developed by this 
author, for the assessment of SET at different 
levels of integration in electronics, from the circuit 
level to the subsystem level.  
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I    INTRODUCTION 

Single Event Transients (SET) in both analog linear 
and digital circuits are caused by the generation of 
charges (holes-electrons pairs) deep inside 
semiconductor components as a result of a single 
space environment  induced proton or heavy ion 
passing through a sensitive node in an analog or 
digital circuit. A good explanation of this 
phenomena, and some of the physics behind it, has 
been published by this author in reference [1]. A SET 
is made up of a transient voltage pulse generated at a 
node of an electrical component, then propagating  to 
the device output, and then reappearing as either the 
same voltage transient, an amplified version of this 
transient, a degraded version of the transient, or a 
change in the logical output. SET in analog linear 
devices were observed in the Topex/Poseidon 

spacecraft [2] and have, since then been identified in 
other spacecraft, such as Soho [3], Cassini [4], MAP 
[5], MRO [6], and possibly others. SET in both 
analog and digital circuits are a very important 
consideration when designing spacecraft electronics 
for avionics. 

SET have been observed in a variety of linear circuits 
such as operational amplifiers, voltage references, 
voltage comparators, analog digital converters and 
others [7]. SET have also been observed in digital 
circuits such as inverters, flip-flops, drivers, and 
receivers [8]. Each SET has its own characteristics 
(polarity, amplitude, waveform, and pulse duration) 
depending on the ion or proton, impact location, the 
ion or proton energy, device bias conditions, and 
output load. For example, reference [9] shows that 
for DAC one of the worst case conditions for largest 
SET events is dependent on the highest supply 
voltage of the digital to analog converter IC. Figure1 
obtained from references [8,9] shows one of  four 
dominant classes of SET that have been obtained on 
the LM124 operational amplifier. Figure 2 shows an 
illustration of a SET in a digital inverter device. 

 

Fig 1. Example of large amplitude, fast recovery time, 
positive going transient. 











Ref. 
No SH Sec. Qty Part 

Number 
Part 

Function 

SET 
Perturbation 
Assessed 

SET Circuit Assessment 
SET 
Subsystem 
Assessment 

SET 
System 
Assessment 

U2B 1 D4 2 LM158A 

Main 
Loop 
Error 
Amp 

≤±1V transient 
for 15 μsec on 
output 

Transients of this 
magnitude and duration 
due to the inherent delays 
of the system, will have 
little affect on the output 
voltage. No effect at 
NHA. 

No effect 
since 
transient 
will be 
filtered out 

No effect 

            

Transients of 
greater 
magnitudes than 
+1V transient for 
15 usec on 
output 

Direct testing and 
analysis shows that for 
pulses on the input pin of 
the UC1864J shorter than 
17.5μsec, the 5V main 
output will not trip, but 
may transition above the 
required point of 
regulation. 

Regulation 
holds but at 
a higher 
voltage 

No effect 
that can be 
observed if 
small  

            

Transients of 
magnitudes 
greater than -1V 
including 
transients to 
ground output 

Due to the high gain of 
the feedback system at 
this point, a small 
negative transient at this 
point may cause a dip in 
the output voltage, 
possibly beyond 
acceptable regulation 
limits. Always voltages 
will remain within about 
0.5V below nominal. 

small 
period for 
out of 
regulation  

drop output 
voltage by 
no more 
than 0.5V 
may affect 
low voltage 
circuits 
temporarily 

Fig 10.  Example of Modeling SET propagation via a Tabular form
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