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Commercial of the shelf (COTS) parts are exposed to extreme envir6fift&lits’(e.g. high humidity and/or high heat) during their service life that could
compromise their ability to meet performance standards. Such failures can have drastic consequences. In this study we replicate likely environmental
conditions for two common electrical COTS parts, capacitors and diodes, and study the permeation of corrosion and associated failure modes. In
partnership with Georgia Tech, we employed a new, safer method for sectioning the parts that, unlike the standard method, does not rely on boiling
hot acid. This method was used on both capacitors and diodes before exposing them to either water fog or 5% NaCl salt fog at 50 °C for 100 hours.
SEM revealed corrosion of the capacitors when exposed not only to salt-fog, but water as well. This corrosion was corroborated with HAXPES at
BNL's NSLS-II and with AES at SNL. In contrast, the diodes proved to be somewhat resistant to corrosion permittivity.
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SEM of the corroded diode samples exposed to 5%
NaCl solution fog.

SEM of the corroded diode samples exposed to pure
water fog.

HAXPES Analysis of Capacitors Auger Analysis of Capacitors & Diodes
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Binding Energy (6V) — Capacitors exposed to salt fog show corrosion on the surface
Cl 2p (green/white area on SEM), as well as Na & CIl on the depth profile.
HAXPES was performed at 2000eV = WMWWW """""""""""""""""""""""""""""""""""
and 6000eV on several capacitor < |6000 v RY %"
samples prepared according to the @ . o
. )
panels above (sectioned then 5% I= cucl,/TaCl
NaCl salt fog exposure at 50°C for % i .
100 hours). TV
205 200 195 190
s Sputter
At 2000eV all expected peaks are Binding Energy (V) time (min) C1 N1 O1 Si1 Cr1 Fel Ni1 Sn1 Ta2 Diodes exposed to salt
seen, Na, Cl, Cu, C, Taand O. At 0 2412 946 408 285234 0 0 519 2522 p _
6000eV Na and Cl are present as Capacitor 036 4416622 109 16460 538 0 242 1448 109 SNOW NnoO corrosion
well, suggesting that the NaCl has sample formed 0.72 345 569 612 2255224 868 516 202 1304 ON the surface or y
penetrated through the surface of WS o bubble after 1.08 36.05 643 827 184 383 826 0 131 17.46 Tthr(.)ugh depth profiling,
the capacitor. High resolution being exposed 1.62 3399 7.13 6.7 17.77 348 995 0 181 19.16 indicating that the epoxy
spectra shows the Cl is present as to X-rays and 2.62 3061573 6.72 2287392 954 0 216 1845 ysed may be the key to
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CuCl, and TaCl. UHV. 243 1852 corrosion abatement.

*Diodes were too small for HAXPES analysis at this
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