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SINGLE EVENT EFFECT TESTING USING MEDICAL SYNCHROTRON

Abstract

The feature size of commercial off-the-shelf electronic components has continuously decreased over
decades, well below 80 nm. This structure size – such as the gate length of a transistor – is directly
related to the critical charge for a Single Event Upset (SEU), meaning that the number of charge carriers
required to cause an upset is lower in smaller devices. In the context of radiation induced Single Event
Effects (SEEs), the critical charge is expressed in terms of the threshold Linear Energy Transfer (LET). For
instance, an ionizing particle that locally causes an LET greater than the threshold LET excites enough
electron-hole-pairs within the channel of a transistor to corrupt the logic state of the device (SEU).

In addition to the threshold LET, three other device-specific parameters define the SEU susceptibility
of a device as a function of LET in the form of an integrated Weibull distribution. Because the parameters
vary between devices, they shall be obtained experimentally by exposing the sensitive region, or region of
interest (ROI), to high energy particles. The highest fidelity can be achieved by heavy ion irradiation, but
heavy ion accelerators are scarce, and heavy particles have a limited penetration depth into the target. For
this reason, heavy ion tests require preparation steps of the Device Under Test (DUT) such as decapping,
and need to be performed in vacuum.

We present a simplified way to obtain an SEE characterization with less accuracy at more common
medical particle accelerators. To demonstrate their suitability for Radiation Hardness Assurance (RHA)
testing, specifically SEU testing of COTS electronics, irradiation tests with protons and carbon ions with
a range well above the DUT thickness were performed. A combination of direct and indirect ionization
effects serves to infer characteristic quantities such as the threshold LET and the cross-section. We present
the methodology and first results for this indirect approach.
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