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In many parts of the world, soft coal is the primary energy
source Combustion of soft coal produces silfur dioxide,
which oxidizes in the amosphere to form sulfuric add and
other oxidized sulfur-containing moleaules. When eledronic
equipment and devices are ntaminated with particles
derived from these gases, subsequent exposure to
atmospheric moisture can cause failure due to eledricd
leckage and arcingin the presence of eledric fields.

The most important components of the environment with
resped to degradation of eledronic devices are particles and
water vapor. Most of the mass of particulate matter in the
atmosphere exhibits a bimodal distribution. Particles 2.5 -
15 pm are largely derived from natural materials and are
usually cdled coarse particles, while particles 0.1 - 2.5 pum,
usually cdled fine particles, are largely derived from
anthropogenic sources. The @mbined mass of fine ad
coarse particles. defined here & total suspended particulate
(TSP), is typicdly 30-40 pg/m® outdoas and 5 pg/m®
indoars for telecmmunicaions equipment rooms in the
U.S.. Typicd sulfate levels are 4-6 pg/m® outdoars and 0.6-
0.8 pg/m® indoars.  For the new work reported here for
locaions in eastern and southeastern Asia, TSP levels in
excess of 200 ug/m® have frequently been measured
outdoars, espedaly in eastern Asia. The sulfate portion of
this massis often >15 ug/m*.  Indoar TSP concentrations
are frequently in excessof 30 ug/m®.

Coarse particles form predominantly by abrasion processs,
e.g., construction adivity or the adion of wind on soils. The
main source of fine particles in populated areas is fossl fuel
combustion, though \olcanic and geologicd adivity can also
contribute. Due to their different origin, coarse particles
tend to have a lower fradion of water-soluble ionic
components (5 - 20%) than fine particles (25 - 50%) ,
excluding H*, OH', and CO;". With any particle, the higher
the fradion of water-soluble ions, the higher is the
corrosivity. As a result, fine particles are more @rrosive
than coarse particles. Key to the corrosive behavior of fine
particles is their criticd relative humidity (CRH). CRHs at
24° C of some of the major ionic compounds found in fine
particles in most urban environments are: NH,HSO,, 40%;
NH4NOs;, 65%; NaCl, 75%; (NH,),SO,; 81%. The
eledrolyte films that form on surfaces contaminated with
fine particles when they absorb moisture ae mrrosive to
many metals and can lead to eledrolytic corrosion or
lekage aurrents when an eledric field exists between
conductors.

In the U. S., indoa concentrations of fine particles in
buildings with central air handling systems can range from
20 - 50% of the outdoar concentrations, depending on: (1)
the dficiency of air filtration systems, including both
building systems and equipment filters; (2) the rate & which
outdoar air is brought into the building, and (3) indoar
sources, e.g., smoking or human adivity. Concentrations
within homes, sheds, and utility huts can range from 20 to
75% of the outdoa concentration due to: (1) the
penetrability of particles through air-leskage pathways or
open doars or windows; (2) the @sence of efficient particle
air filtration; and (3) indoar sources like those mentioned
above, as well as aaosols derived from liquid processs. In
edstern Asia, coding of eledronic eguipment rooms is

typicdly acomplished with internal air conditioners using
re-circulated water as the @oling medium. In this case the
relationship between indoar and outdoar concentrations
depends predominantly on the rate of leakage of outside ar
into and out of the equipment room. Our measurements
show indoar/outdoar ratios of particles > 0.5 um diameter
ranging from 0.05to over 0.6. At the low end, the hazad of
hygroscopic dust to equipment is comparable to that typicd
of the U.S. At the high end, conditions are an order of
magnitude harsher.

On circuit boards, the ésorption of moisture by deposited
particles or other ionic contaminants may result in the
formation of an eledrolyte aound eledricd leads. Bridging
of leads can result in leskage aurrents. The aurrent may lead
to soft errors or “crosstalk.” If the dedrolyte extends over a
defed in the mvercoat and the defed sits above aconductor
operating at a different voltage from that on the lead, arcing
can ocaur between the lead and the conductor. Typicdly, the
leskage aurrent increases approximately exponentially with
RH. Covercoats can be dfedive in preventing hazadous
lekage airrents. However, device leads and eledricd
contads are not usualy covered by covercoats. The
maintenance of the RH in eledronic eguipment locaions
below 55% minimizes the risk of hazadous ledkage
currents. The dedricd le&kage of dust from the more
polluted environments of the world tends to be significantly
higher at a given RH than dust from the U.S. In addition to
eledricd le&kage ad arcing, dust and aher ionic
contaminants can leal to dred corrosion of meta
conductors and ultimately to open circuits. A water-soluble
corrosion product may aso migrate to the negative
conductor, where it can be reduced to form a metdlic
depasit that grows toward the positive conductor, eventually
forming a short circuit. In some situations, an arc may occur.
Severe acing can pyrolyze greuit boards to form conductive
cabon bridges. In the ésence of appropriate limitation of
current, a fire ocould result. Again, the mmbination of
contamination, moisture, and bias are required. To minimize
lekage aurrents and corrosion in field operations, it is
essential that: (1) design rules and spedfications with resped
to band pad and line spadngs are strictly foll owed; and (3)
the environment is maintained within design spedficaions.
In eastern Asia, minimizing infiltration of outside ar reduces
the hazad o hygroscopic dust to performance and
minimizes operational costs of equipment rooms.



