PSRN S!{/ELDED CABINETS

Essential Considerations for
Electronic Packaging

THE NATURE OF
ELECTRONICS

Electronic packaging performs
five essential functions. It pro-
vides the structure which physi-
cally supports the circuit boards.
It cools the electronics and main-
tains the proper temperature
range and air quality for opera-
tion. It provides and distributes
power. It enables communica-
tion with other electronic de-
vices via I/O cabling. Electronic
packaging also furnishes proper
shielding to make the electronic
device electromagnetically com-
patible with other electronic de-
vices.

When choosing an electromag-
netically compatible electronic
enclosure, one must consideran
enclosure’s shielding effective-
ness (SE} over the frequency
range under consideration, the
type of shielding material used
to seal the enclosure, and the
level to which the enclosure per-
forms each of the other elec-
tronic packaging functions.

In the natural course of opera-
tion, electronics emit electrormag-
netic energy, which, like light
and radio waves, has the ability
to travel as radiated energy. It
also has the ability to travel as
current when the radiated en-
ergy encounters a conductor.
These conductors then emit ra-
diation. Consequently, elec-
tronic “noise” is not only emitted
from the device itself, but also
via the cables attached to it (Fig-
ure 1).

Electronic devices are not able
to distinguish between the au-
thentic signals they receive and
the bogus signals picked up as
noise from other devices. Be-
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cause electromagnetic energy can
be conducted as well asradiated,
electromagnetic interference
(EM]) is transmitted via several
channels (Figure 2). When a
device is packaged properly so
that it is sufficiently resistant to
EMI and it will not generate EMI
to neighboring devices, it is said
to have electromagnetic compat-
ibility (EMC).

The ideal electronic package is
a seamless, solid sphere fabri-
cated from highly conductive
material such as copper, alumi-
num, or silver. Unfortunately,
this solution is not only imprac-
tical, but also provides EM shield-
ing at the expense of the other
four functions which the pack-
age must also perform. The best
packaging solution is the alter-
native which maximizes SE eco-
nomically without hindering ef-
fective cooling power distribu-
tion or I/O functions.

SHIELDING EFFECTIVENESS

Shielding effectiveness is a mea-
sure of an enclosure’s ability to
prevent EMI from affecting the
device it houses or the electronic
devices around it. Because elec-
tromagnetic energy behaves dif-
ferently at different frequencies,
the SE of an enclosure is fre-
quency dependent. Therefore,
any measure of SE should be
stated in terms of the correspond-

ing frequency. To completely
describe the SE of an enclosure,
it is necessary to plot a curve of
SE versus frequency. An ex-
ample for one shielded cabinetis
shown in Figure 3.

Typically, SE is measured in
decibels (dB). The dB is a loga-
rithmic measure of efficiency.
As such, SE is described by the
following expression:

SE =
20 lo ( Pwr. measured outside encl. )
Pwr. radiated from inside encl.

It is important that all results
describing the SE of an enclo-
sure under consideration be de-
rived using a standard method.
In the U.S., MIL-STD-285 is the
standard test procedure that
suppliers of electronic enclosures
most often use to evaluate the
SE of their products. MIL-STD-
285 describes the test proce-
dures for making these measure-
ments and is the baseline for
making comparisons between
enclosures.

Manufacturers of electronic
equipment are also concerned
with another document, FCC
Rules & Regulations, Part 15.
This document specifies the al-
lowable level of energy permitted
to escape the device. This is an
absolute level measured in mV,
as opposed to arelative measure
such as dB. The differentiation
of efficiency versus absolute per-
formance is an important dis-
tinction. It can be restated as
the difference between the en-
closure and the complete sys-
tem.

Electronic enclosures are
empty boxes which cannot emit
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any energy and do not represent or behave like the
finished device. They cannot pass or fail the FCC
requirement since they cannot affect other devices
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Figure 1. Radiated and Conducted EMI Emitted via
Cable.
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Figure 2. Radiated and Conducted EMI Emitted via
‘Several Channels.
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on their own. But the finished system, which is an
active device, is capable of interfering with other
devices. Therefore, it is the finished system which
must be evaluated under the FCC requirement.
Thus, suppliers of electronic enclosures cannot
claim that their products pass FCC regulations;
they can only give the SE for the enclosures.

Along these same lines, enclosures are typically
tested in standard configurations. However, in
real-life applications, modifications are inevitable.
Because it is difficult to predict the effect of the
modifications on the SE of the enclosure, changes
to the unit generally invalidate the test results to
some degree. An enclosure which has been de-
signed to accommodate the functions of electron-
ics packaging will not require modification that
would substantially reduce the SE of the enclo-
sure. Features could include an integral bottom-
to-top cooling feature and provisions for shielded
I/0 cables (Figure 4). '

Shielding is accomplished at several levels of
electronics packaging, and slightly different tech-
niques are used for different types of electronics.
For commercial 19" rack-mounted electronics, itis
often desirable to achieve EMC through a shielded
rack. This application poses a particularly chal-
lenging obstacle for those in the industry. Some
commercially available solutions have acceptable
SE but are not cost effective, or compromise the
other functions that the enclosure must perform.
Others are standard product offerings that have
had the shielding added as an afterthought. The
challenge that the market presents is to offer‘a
cost-effective shielding enclosure which is easily
cooled and lends itself to I/O and power entry and
distribution. Only a bottom-up design effort,
where all factors can play an equal role in the
development, will result in a solution which maxi-
mizes each of the electronic packaging functions.

SHIELD INTEGRITY

One particularly important as-

pect of shielding 19" rack enclo-

sures involves the large doors
typically associated with this type

of package; they may be full-

length or partial doors. Doors

must be shielded around their
perimeter, and the seals mustbe

able to withstand many cycles of

opening and closing. Therefore,

when comparing enclosures with
similar SE, another factor in the
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Figure 3. Shielding Effectiveness vs. Frequency.
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Figure 4a. 16- Gauge Perforated
Steel Top and Bottom Cover Plates.

gasket. Keeping in mind that the
SE of an enclosure was deter-
mined under laboratory condi-
tions with a new enclosure, it is
important to consider how effec-
tive the seal will be after the
enclosure has been in the field.
Gaskets must be stable as well
as durable. This is particularly
true for the door seals. Door
seals are compressed and re-
laxed each time the door is cycled
and rely on proper door align-
ment. The type of gasket used in
an enclosure is an important
consideration in the enclosure
selection process. Some seals
may lose their effectiveness over
time. The shielding material may
lose its shape or resiliency. Gas-
kets that have a memory may
form unreliable seals over time,
especially if they have not been
utilized properly. Metal finger-
style gasketing, such as those
fabricated from beryllium cop-
per (BeCu), can easily deform or

get caught and bend acciden-

tally during use. Further, they
contribute to excessive compres-
sion force which may cause doors
to be difficult to latch or unlatch.

Hinge mechanisms are alsoim-
portant. The hinges are respon-
sible for keeping the door prop-
erly aligned after many cycles. A
reliable hinging scheme is also
necessary to keep the seal prop-
erly compressed along the hinge
side of the door. Preferably, all
this should be accomplished with
hinges that are attractive or hid-
den. A hidden multi-hinge de-
sign incorporated into the door

is one example. Continued
ontnue:
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Figure 4b. Single Latch with 3- Figure 4c¢. Conductive Foil Tape
point Locking Mechanism for Easy and Silver Knitted Wire Foamn Core
Opening and Closing. Gasketing.
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Another consideration is RF
shielding material whose pro-
duction is unfriendly to the envi-
ronment. This is especially true
of plating. Environmental regu-
lations are making the use and
disposal of the solvents involved
in zinc plating very expensive.
Ideally, a shielded enclosure uti-
lizes more modern techmiques
such as conductive foil tape.

Continued

Most engineers in the industry
are aware that electronics are
becoming smaller and more
densely packaged. The resulting
increased heat density, power
dissipation, and number of I/O
signals make shielding increas-
ingly difficult. But many engi-
neers are not aware that, be-
cause electronics equipment is
considered vital to the smooth
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operation of many organizations
and communities, the trend to-
ward hardened 19" enclosuresis
growing stronger. The burden is
then on the electronics manu-
facturer to find a source for such
an enclosure.

CONCLUSION

Typically, packaging suppliers
have addressed some essential
functions but not all. The result
is that units do not look alike or
are not mechanically compat-
ible and cannot be easily ganged.
Units that have been designed
from the bottom up anticipate
this trend. These types of units
offer both the shielding, cooling
and power functions as integral
options, not mutually exclusive
features. The consistentappear-
ance and modularity eliminate
many problems for the electron-
ics manufacturer.

The growing trend toward in-
creasing density of electronics
necessitates that electronics en-
closures perform more effec-
tively.. Requirements such as
cooling and seismic reinforce-
ment are considered just as im-
portant as EM shielding. Simi-
larly, previous techniques for
shielding are being replaced with
newer, more effective, and less
costly solutions. Careful exami-
nation of the shielding tech-
niques, especially around the
door, is important when choos-
ing an enclosure, and itis best to
have an estimate of the required
shielding effectiveness. Finally,
the ability of the enclosure to
lend itself to I/O, power entry,
and flexible internal mechanical
configuration with minimal
modifications mustbe a key con-
cern.
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