DESIGN CONSIDERATIONS:
) Conductive Plastics in Computer Housings

Over the past several years, interest in electrically conduc-
 tive plastics has been growing rapidly. The driving force for
this interest is the electronics industry and its insatiable need
for conductive materials which can 1) dissipate static elec-
tricity, and 2) provide high levels of EMI/RFI attenuation.
The topic of radio-frequency emission gained considerable
attention when the Federal Communication Commission
issued strict regulations.! As a result, advancements have been
made in the technology of conductive plastics from the stand-
point of new fillers and additives,?** semiconducting polymer
molecules®% and improved processing methods.
Metal oxide semiconductor (MOS) chips are the key ele-
* ments in intelligent electronic devices—e.g., computers, cash
registers, electronic toys, office equipment, control instru-
mentation and appliances. Because they are high impedance
devices, these ultra-thin MOS elements are inherently sensi-
tive to electrostatic fields and electromagnetic radiation,
which can result in degradation or catastrophic failure.
Several failure mechanisms have been determined and dre
summarized in references 7 and 8.-In every stage from manu-
facture through end-use, MOS devices must be protected by

some static dissipating mechanism, as well as from radiated .

fields. :

In addition to the need for protection of MOS devices from
degradation, there is a need to prevent spurious fields from
interfering with the data function itself. In MOS devices,

" minute signals or micro-amps, are being processed and ampli-
fied to useful levels. Therefore, any noise from electrostatic
discharge (ESD), lightning, secondary induced fields and
other emitting devices must be shielded to prevent inter-
ference.

Engineers responsible for the design of housings for micro-
electronic systems should consider the performance of the
housing in both electromagnetic and electrostatic fields. Elec-
tromagnetic radiation considerations encompass the suscep-
tibility of the microelectronic system to functional inter-
ference as well as the emission of radiation into the environ-
ment. The protection of microelectronic systems from func-
tional interference caused by static electricity has been
approached primarily by protecting the workplace environ-
ment—i.e., antistatic carpeting, chairs, chair mats and topical
antistatic agents.

This article will review the requirements for the use of
electrically conductive plastics in housings for protection
from electrostatic discharge and radiated electromagnetic
energy.

Requirements For Electromagnetic Shielding

When impinging upon the interface of a computer housing,
electromagnetic energy can be reflected, transmitted or
absorbed (Figure 1). The shielding effectiveness of a material
is a measure of its ability to attenuate electromagnetic radia-
tion. The total shielding effectiveness is the sum of its absorp-
tion component and its reflection component, expressed in
decibels (dB).!0:!!
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Figure 1. Requirements for Shielding.

Shielding Effectiveness, SE = Absorption, A + Reflection, B
The absorption attenuation, A is given by:
A =3.34V ufG (dB)

The reflection component, R, is given by:

R =201log [Zm V S ] dB)

4 2nuf

where, t =shield thickness in mils
u = relative magnetic permeability of shield
f =frequency in MH,
G = shield conductivity relative to copper in
MHOS/meter
Z., = wave impedance at shield
=E Field Intensity  (ohms)

H Field Intensity

The above relationships attest to the fact that shielding effec-,
tiveness is a complex function of thickness, frequency, mag-:
netic permeability, wave impedance and conductivity. From
the standpoint of this discussion, it is important to note that.
both the absorption and reflection attenuation increase with
increasing electrical conductivity of the housing material.

How much attentuation by the housing is necessary to pro-
tect against RF emission, as well as EM susceptibility? The
only satisfactory method of obtaining this answer is to per-
form in-format testing on actual systems. At a given attenua- .
tion level, the actual quantity of EM energy which will pene-
trate the shield will depend upon the initial intensity, I, of
radiation. In addition to radiated energy attenuation, total
shielding considerations involve the manifold aspects of cir-
cuit design, mechanical design, grounding, and coupling.
Figure 2 compares the attenuation of a shield as a function of
surface resistivity. To function as a minimum shield, surface
resistivities of less than one (1) ohm per square and attenua-
tion greater than 25 dB are commonly used.
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Figure 2. Attenuation of a Shield as a Function of Surface Resistivity.

Requirements for Protection Against ESD

- ESD concerns for computer housings are divided into three
categories: .
" 1) prevention of charge accumulation
2) drainage of electrostatic charge from the housing
material and from the operating personnel under controlled
conditions to prevent corona discharge, and
3) Faraday cage shielding against ESD, and grounding of
the electronic system.
" Several test methods have been developed to study the
decay of electrostatic charge as a function of time. In a typical

_ charge-decay test!2 (i.e. FED-STD-101B, Test Method 4046) -

- a material is charged to +5000 volts and grounded. The
voltage discharge as a function of time is recorded. If the

- voltage decays to zero (0) within 2 seconds, the material
conforms to the requirements of MIL-B-81705B. If the
voltage discharges to 10% of its initial value (500 volts) within

- 0.5 seconds, the material meets the requirements of the
National Fire Prevention Association NFPA #56A. This is
represented by the curves of Figure 3. These test methods

“attempt to define acceptable rates of voltage decay in a
pragmatic sense. Decay times which are too slow permit the

" accumulation of electrical charge on a surface. On the other
hand, decay times which are excessively rapid result in electro-
static discharge (ESD), dielectric breakdown of air mani-
fested as sparking. Similar to natural lightning, ESD is a
source of electromagnetic interference which must be dealt
with by Faraday cage shielding.
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Figure 3. Electrostatic Charge as a Function of Time.
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Static charge decays either by conduction through thé
surface of the solid or by radiation from the surface of the
solid to the environment. A variety of materials and coatings
have been used in static control applications to accelerate this
decay. These include: 1. Topical and Internal Antistatic
Agents, 2. Conductive Coatings, 3. Semiconductive Poly;
mers, 4. Surface Treatments, 5. Conductive Plastic Compos+
ites and 6. Vapor Deposited Metals and Metal Oxides.

To the extent that most ESD interference problems are
associated with high levels of static charge on personnel using
the computer equipment, it is the drainage of this charge
under rapid, controlled conditions which is to be achieved.
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Figure 4. Materials Arranged According to their Surface Resistivity..

Discussion

Materials can be arranged on a spectrum according to their
surface resistivity, p, as shown in Figure 4. The spectrum,
spans the range from highly conducting material such as silver!
(p =10 ohms per square) to dielectric materials typified by
polyethylene (p = 10*!7 ohms per square). Surface resistivity’
is a measure of the restraint to a current passing across the
surface under the influence of an impressed potential
difference. In the test method commonly employed to
measure p, a circular guarded electrode contacts the surface.
to be measured, as defined in ASTM-D257.12 :

Electrical conductivity can be imparted to plastics by the’
incorporation of conductive fillers—carbon black, graphite,
aluminum, aluminumized glass, or stainless steel fiber into
the resin material. In order for current to flow in a filled,
system, electronic transmission must occur from conductive |
aggregate to aggregate. It has been shown that aggregate size,
shape, porosity and surface chemistry effect the resulting:
conductivity. In general, small, highly structured, high.
aspect-ratio porous aggregates provide greater conductivity .
for a given weight percent loading. Figure 5 shows the relation !
of carbon loading to the resultant volume resistivity for three
commercial carbon blacks.

Structural properties can be enhanced by the incorporation
of conductive pitch and polyacrylonitrile graphitized fibers in*
nylon, polycarbonate, polyacetal, ABS, Noryl, polysulfone:
and other engineering thermoplastics. Processing by extru-
sion, injection molding, calendering, vacuum forming and
blow molding is readily accomplished with attention to several
details. Theresins must be thoroughly dried before processing;
also high shear, high temperatures and long residence times
must be avoided. Even though this represents good practice
for plastics in general, it is essential for carbon filled systems.
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Figure 5. Volume Resistivity vs. Carbon Black Loading.

The surface of carbon black is extremly active and can serve
as a catalytic site for the degradation or crosslinking of the
polymer chain. Furthermore, the incorporated surface area is
very large and readily absorbs stabilizers and processing aids.
Formulations must be carefully optimized for thermal stabil-
ity and processability. The incorporation of carbon black also
_demands that the use of regrind be carefully controlled.
During, compounding a nitrogen blanket is recommended in
orderto prevent oxidation.
According to the Department of Defense (DOD-
. HDBK-263, 2 May 1980) materials whose surface resistivities
fall.within the range of 10° to 10° ohms per square are
classified as static dissipative and it is this range which is gen-
- erally considered appropriate for controlled drainage of
electrostatic charge.
Materials whose surface resistivities fall within the range of
‘10° to 10" ohms per square are classified as antistatic and will

resist the generation of electrostatic surface charge on the .

computer housing. However, antistatic materials are generally
considered ineffective in providing static dissipation from
personnel, especially above 10'° ohms per square. Moving
towards the other end of the .spectrum, materials having
‘surface resistivities below 10° ohms per square are classified as
.conductive per DOD-HDBK-263 and are likely to discharge
sstatic electricity catastrophically by spark generation, re-
- sulting in EMI. From the perspective of ESD too much con-
ductivity can be as detrimental.as too little conductivity for
housing materials. .

From the previous discussion, a dilemma exists in that one
‘material cannot function for both requirements of static con-
“trol and shielding. Static control requires that the outside sur-
face of the housing is static dissipative, 10° to 10° ohms per
square. EMI shielding necessitates the use of a continuous

. ‘conductive Faraday cage with a minimum surface resistivity
" of one (1) ohm per square.

Two solutions are available to the design engineer
responsible for ESD and EMI protection. In the first
approach, -a two-layered housing structure can be fabricated

“having the outside plastic ‘surface in the static - dissipating

range (10° to 10° ohms per square) and an inside highly con-

ductive layer having a surface resistivity of less than one (1)
- ohm per square. Representative of this approach would be
housings of static dissipative formulations of ABS, Noryl,
‘Polycarbonate, or impact styrene, coated internally with
nickel acrylic paint,' arc sprayed zinc,* thick film vapor de-
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posited aluminum ' or electroless nickel. These few examples
are meant only to be representative and. a more complete

treatment of existing technology can be found in references :
17, 19, and 21. The second approach would come from the -
position that the more effective the total EMI/RFI shielding .

protection (from all considerations—radiation, grounding,
coupling, circuit design, mechanical design), the less influence
ESD would have on the system.? In the extreme, a perfectly
shielded microelectronic system would be insensitive to ESD.
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