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Several techniques have been developed over the past
few years to make plastic enclosures conductive.

Introduction

Modern microelectronics depend on
the control of electromagnetic inter-
ference. The maximum allowable
interference is now set by regulation.
In Europe the EMC Directive, 89/336/
EEC, came into effect in 1992 and
has been mandatory for CE marking
of electronic/electrical equipment
since January 1, 1996.

Some forms of interference can be
controlled with suppression compo-
nents and good circuit design. Radi-
ated interference is best controlled
by enclosing the circuitry in a shield-
ed enclosure.

Metal enclosures generally offer
very good shielding. Highly conduc-
tive, metals will absorb or reflect
electromagnetic waves. Plastics pro-
vide the enclosure designer with sev-
eral advantages over metal. Reduc-
tions in weight and cost, coupled
with increased flexibility and aes-
thetic appeal have led to the in-
creased use of plastic. However, be-
ing nonconductive, plastics are trans-
parent to electromagnetic waves and
hence offer no protection against
EMI.

To allow plastics to be used as
enclosures for computers, mobile
phones, medical equipment and
other electronic products, several
techniques have been developed
over the past few years to make the
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plastic enclosures conductive. Essen-
tially, there are three routes to mak-
ing a shielded plastic enclosure: the
polymer can be made conductive by
adding fillers; thin metal plates or
foils can be bonded to the enclo-
sure; or the surface of the enclosure
can be coated with a conductive film.

Plastics can be filled with conduc-
tive media. Graphite particles or
metal flakes are commonly used.
However, these materials are diffi-
cult to mold and only provide mod-
erate levels of shielding. In recent
years, the use of nickel-coated car-
bon fibers has improved the perfor-
mance of these materials.

Enclosing the RF components in
a metal can or bonding thin metal
plates to the plastic enclosure will,
in some instances, provide a cost-
effective method for shielding. In-
mold foiling would provide an even
lower cost option, but the process is
limited to fairly simple geometries.

By far, the most common means
of shielding an enclosure is to apply
a conductive film to the surface of
the enclosure.

This article will review the major
techniques of applying EMI shield-
ing coatings to plastic housings and
displays. Processes for vacuum depo-
sition, conductive paint spraying and
electroplating will be reviewed.
Physical and electrical data on the
various coatings are presented.

*See advertisement on page 70

Techniques for
Applying Conductive
Coatings to Plastics

It is estimated by this author that
some 100 million parts per year are
coated in Europe to provide EMI
shielding. Over the past 10 to 15
years, three major techniques have
been developed to service this mar-
ket. Table 1 shows the estimated
market share for conductive paint
spraying, electroplating and physi-
cal vapor deposition (PVD) tech-
niques in Europe.

Table 1. Estimated Market Share of EMI
Shielding Processes.

Using these processes, a number
of different coatings can be depos-
ited. Designers must ensure that the
coating that best fits their require-
ments is specified. Table 2 shows the
criteria that should be considered
when evaluating a coating for EMI
shielding.

Shielding effectiveness (SE) is a
measure of how effective the coat-
ing is as a barrier to the transmis-
sions of electromagnetic waves.
Shielding effectiveness is usually
expressed as:

SE = 20 log (E1/E2) dB

where E1 and E2 are the incident
and transmitted field strengths re-
spectively. Typically, the shielding ef-
fectiveness of coatings ranges from
40 to 90 dB. There is good correla-
tion between the conductivity of the
coating and the level of shielding:
the lower the resistance, the better
the shielding properties. Table 3 can
be used as a rough guide to deter-
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Table 2. Criteria for Evaluation of Coatings for EMI Shielding.

mine the shielding effectiveness of
coatings by measuring their sheet re-
sistance.

It is essential that compatibility of
the coating with the chosen substrate
material is considered. Problems of-
ten occur with poor adhesion and
solvent attack of substrate. The long-
term stability of the coating under
the normal working environment of
the equipment also needs to be con-
sidered.

As mentioned, there are three
main techniques for applying EMI
shielding coating: conductive paint
spraying, electroplating and physi-
cal vapor deposition (PVD). These
techniques will be reviewed and the
properties of the deposited coatings
will be discussed. -

Table 3. Correlation of SE to Sheet
Resistance of Coatings.
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Application of
Conductive Paints

A large number of conductive paints
have been developed by various
companies for EMI shielding appli-
cations. Most of the formulations are
based on adding either one or a com-
bination of metal flakes of nickel,
copper or silver. Nickel-loaded paints
offer the cheapest solution but pro-
vide the lowest level of shielding,
while silver paints offer the highest
degree of shielding at a premijum.
Table 4 illustrates the typical sheet
resistance obtained with coatings
containing various pigments.
Although water-based paints are

available, solvent-based (MEK, MBK)
coatings provide better electrical and
physical properties. '

Nickel-loaded paints developed
some 20 years ago were widely used
in the early Eighties. However, their
use has declined in recent years as
copper and silver pigment technol-
ogy has developed. With increased
usage, the price of silver-loaded
paints has fallen significantly in re-
cent years, and now most products
are shielded with silver-loaded
paints. Silver-plated copper paints are
widely used for shielding larger
moldings such as computer housings.

All the paints can be applied
manually or using robotic spraying
equipment. In recent years, the de-
velopment of robotics and HVLP
(high volume low pressure) guns has
significantly improved the efficiency
of spraying processes.

Paints containing a high solids
content tend to settle quickly, so
pressure pots and fluid lines must
be designed to allow the paint to
circulate freely between the paint
reservoir and the gun. Right-angled
connections should be avoided and
the lines left as short as possible to
avoid localized settling.

For low-volume applications, suc-
tion cup or gravity feed guns are
most suitable. Paints should be di-
luted and mixed thoroughly prior to
being added to the gun and should
be stirred regularly to ensure solids
stay in suspension.

Paints adhere well to most engi-

Table 4. Typical Sheet Resistance Obtained with Specified Coatings.

65



CONDUCTIVE COATINGS

neering plastics. However, as with
all coatings, moldings should be free
from dirt, grease and mold release
agents to ensure the best results.
Priming is necessary on the thermo-
set range of plastics (i.e., glass-rein-
forced polyesters, glass-reinforced
phenolics, SMC, DMC and polyure-
thane foam moldings).

Electroless and
Electrolytic Plating

Electroless or autocatalytic plating
processes can be used to deposit thin
uniform layers of nickel or copper.
For shielding applications, a duplex
coating of electroless nickel phospho-
rous alloy (3 — 10% P) is deposited
over a layer of pure copper.

The process involves loading parts
to be coated onto jigs, which are then
totally immersed in a series of tanks
containing chemical solutions. There
are three essential stages in the plat-
ing process: pre-treatment, catalyzing
and electroless plating. The first stage
involves chemically etching and then
neutralizing the surface. The purpose
of etching is to create microscopic
cavities on the surface of the plastic.
These will provide adhesion sites for
the electroless metal deposit. Not all
plastics can be etched and this limits
the use of the process.

Catalysis is achieved by absorption
of submicron metallic palladium par-
ticles from a diluted solution onto the
etched pores in the plastic substrate.

The plating process is completed
by immersing the catalyzed plastic
part into the electroless plating baths.
The palladium then reduces the metal
ions in the solution to a metallic de-
posit on the plastic surface.

Typically 0.5-1.0 pm of electroless
nickel phosphorus is deposited over
3-4 pm layer of copper. This provides
very high levels of shielding and the
coatings are extremely stable, wear-
and abrasion-resistant.

One of the main drawbacks of
conventional electroless plating is the
inability to mask areas that do not
require coating. This can now be
overcome by applying a spray-on
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activator. The activator can be applied
using normal spraying equipment to
selected areas. Then the plating ad-
heres only to the areas covered with
the activator. Solvent- and water-
based activators are available and al-
low a wide range of polymers to be
coated (Figure 1).

Much thicker layers of nickel and
copper can be deposited with con-
ventional electroplating which re-
quires a DC current to flow to achieve
metal deposition. In this process, a
very thin layer of electroless nickel
phosphorus is deposited to make the
surface of the polymer conductive.
This is followed by an electrolytic
deposition of copper to a thickness
of between 10-15 pm. Finally a pro-
tective/aesthetic layer of nickel and/
or chromium is deposited to a thick-
ness of 8-12 pm.

Electrolytic copper nickel coatings
can be aesthetically appealing as well
as extremely durable and provide very
high levels of shielding. There are,
however, two main disadvantages of
plating for shielding applications: lim-
ited range of plastics (best on ABS)
which can be plated and the inability
to mask off areas. For high-volume
applications, masking can be
achieved by two-shot molding the
parts using platable and unplatable
grades of polymer.

Physical Vapor
Deposition (PVD)
Techniques

VACUUM EVAPORATION
Thermal evaporation of aluminum is
a widely available technique for de-

positing reflective and aesthetic coat-
ings. Typically, the thickness of alu-
minum deposited is about 0.1 pm,
and to ensure adhesion and envi-
ronmental stability, the layer is sand-
wiched between protective lacquer.
For EMI shielding application, pro-
cesses have been developed to de-
posit films at least 2.0 ym thick. This
ensures the conductivity necessary
to achieve high levels of shielding
and the stability of the coating with-
out the need for top lacquers.

The coating procedure involves
aqueous cleaning of parts prior to
loading on fixtures which are de-
signed to hold the parts in the
vacuum chamber and mask areas that
do not need coating. Once the parts
are loaded, the chamber is evacu-
ated to a base pressure of below 2 x
10 mbar. To improve adhesion,
parts can be cleaned in-situ by glow-
discharge bombardment prior to
deposition of the film.

Coating thickness is built up by
evaporating aluminium pins or wire
placed on tungsten filaments. Thick-
ness can be controlled to within 0.2
pm by controlling the number of pins
or length of wire placed on the fila-
ments. The process provides coat-
ings of very high uniformity and
batch-to-batch consistency. Coatings
are flexible and adhere well to most
engineering polymers. However, ad-
hesion to polycarbonate, acrylics,
nylons and glass-filled composites
can only be achieved by bead blast-
ing the surface prior to coating.

MAGNETRON SPUTTERING
Sputtering is defined as the ejection
of surface particles by positive ion

Unplated Etched Rinse Catalyst
Part — > —» —» —:'
Accelerator Electroless Activator
E—* —_— Copper . ;:,
Electroless Plated
L Nickel — Part

Figure 1. Electroless Plating Process.
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bombardment. The ejection of par-
ticles occurs as a result of the direct
transfer of momentum from the bom-
barding ions to the atoms of the tar-
get. The basic sputtering arrangement
is illustrated in Figure 2. The mate-
rial to be deposited is attached to
the cathode and the substrates are
placed on the anode or any other
separate holder, which can be
earthed or biased. To initiate the dis-
charge, the chamber is first evacu-
ated to 10 - 10° mbar to remove
contamination such as water vapor,
and then backfilled with an inert gas,
usually argon. Typically, the argon
pressure is between 0.5 - 1.0 - 107
mbar. The plasma is then struck by
applying a voltage (500 V - 5000 V)
between the cathode and the anode.
When sputtering dielectrics, an RF
voltage is required. Otherwise the
material to be sputtered is connected
to the negative terminal of the dc
voltage source so that it will be bom-
barded by positive argon ions from
the discharge.

Magnetron sputtering is differen-
tiated from conventional dicde sput-
tering by the use of magnets placed
behind the target (Figure 3). The
combination of electric and magnetic
fields confines the electrons in the
discharge to regions close to the tar-

get and hence, in-
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creases the electron
density and therefore
the ionization effi-
ciency. This results in
higher sputtering rates
and a reduction in the
substrate heating com-
pared with simple di-
ode sputtering.
Sputtering can be
carried out either as a
batch process or as a
continuous process, the
latter being the ideal
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design for large surface
area substrates (i.e., foil

or sheet material).
Plants for continuous
coatings are designed
to either coat from roll to roll or, in
the case of non-flexible substrates,
“in line.” The size of the targets can
be varied from a few centimeters to
some hundreds of centimeters. Vir-
tually any metal or alloy can be de-
posited using the process. Silver,
copper, aluminum and nickel have
been sputtered for EMI shielding ap-
plication.

The requirements of producing a
coating with high conductivity, good
adhesion to plastics and corrosion re-
sistance can best be met by produc-

ing multilayer coatings. One

-VE Voltage Supply

such coating is a commer-
cially-available multilayer

I Cathode
athoc

] coating of stainless steel and

Target = |

copper. The coatings are de-
posited in a single cycle us-
ing a dual target magnetron
sputtering chamber. Figure 4
illustrates the structure of the
coatings. The stainless steel
base coat provides excellent

adhesion to most plastic sub-
strates. The middle layer of

99.9% pure copper provides
the shielding. Typically a 1-
micron layer of copper is de-
posited, providing shielding
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Vacuum Pumps
Figure 2. Basic Sputtering
Arrangement.
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effectiveness in the range of

65-70 dB. The top layer of

stainless steel protects the cop-
per from oxidation and environmen-
tal degradation.

Figure 3. Planar Magneitron Target.

TRANSPARENT CONDUCTIVE
COATINGS

There are basically two ways of
achieving a transparent coating
which is electrically conducting. One
is to use a very thin metal and the
second is to use a semiconductor.
Metal-based coatings are the simplest
solution to the problem. The best
properties are obtained with high
conductivity elements, silver, gold
and copper. Of these, silver is pref-
erable from an optical viewpoint
because of the absorption of gold
and copper in the visible part of the
spectrum.

A thin layer of silver 10 nm thick
will give a sheet resistivity of about
4 ohms square and good shielding
effectiveness. Unfortunately, the vis-
ible transmittance through such a thin
metal layer is less than 50%, the lim-
ited transmittance being caused by
reflection at the coating surfaces. It
is possible to improve transmittance
by additional layers, usually on both

Figure 4. The Structure of RFI
Shielding Coatings.
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sides of the metal which act to anti-reflect it. High re-
fractive index transparent dielectrics, such as tin oxide,
indium tin oxide, indium oxide and titanium oxide give
the best improvement in transmittance.

The problem with coatings based on thin metal lay-
ers is their limited chemical stability. Even with the ox-
ide over-layers, degradation of the metal can occur in
humid and polluted industrial atmospheres. Use of these
coatings is normally limited to hermetically sealed
multiglazed units, although use in a laminate is possible
provided that potential corro-
sive attack at the rim is con-
sidered.

Semiconductors with a
band gap wider than 3.0 eV
are transparent and can be
made conducting by creating
a sufficient number of free
carrier electrons. Materials
known to be useful are all
oxides of metals, zinc, cad-
mium, indium, tin and alloys
of these. The doping, to give
electrical conductivity, is
achieved by the addition of a
second element of differing
valency. The oxide (SnO,) has
been doped with fluorine and
antimony, indium oxide
(IN203) with tin, cadmium
oxide with either tin or in-
dium and zinc oxide with alu-
minum. Of all these combi-
nations, the best properties in
‘terms of electrical conductiv-
ity and visible transmittance

sistivity of 4 ohms square. This is ten times thicker than
metal oxide, metal-oxide-metal multilayer used for shield-
ing. The implications of this affect cost and optical prop-
erties. Thicker films take longer to produce and are there-
fore more expensive. The thickness of the ITO films are
near to the wavelength of visible light, which means they
can give rise to interference effects. Slight variations in
thickness causes iridescence which is not acceptable to
the operator. Therefore, controlled coating systems which
can produce very uniform films are necessary.

Continued on page 70
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is given with tin-doped in-
dium oxide, known as indium
tin oxide (ITO).

Doped semiconductors
and in particular, ITO, can be
produced by a wide variety
of coating techniques includ-
ing vacuum deposition by
evaporation, electron beam
melting and sputtering, and
chemical vapor deposition.
Probably the most control-
lable process of producing
ITO on large surfaces is that
of magnetron sputtering.

The electrical resistivity of
good quality ITO is about 200
pohm c¢cm which means that a
coating thickness of 0.5 pm
is needed to give a sheet re-
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Superior performance shielding gaskets
Electronic grade plating finishes

Many base metal variations

Hundreds of shapes & sizes

Custom modifications

T TSHIELDING
PRODUEGTS

1384 Pompton Ave., Cedar Grove, NJ 07009
tel: 973+890+7455 fax: 973+890+9714
E-mail: sales@omegashielding.com

web site: http://www.omegashielding.com

ISO 9002 Quality System Certified

Circle Inquiry No. 10
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Zippertubing’s Z-Shield-AL is an instant “Zip-On®” jacketing -
solution for your flat cable shielding requirements. Simply o
wrap around this flexible polyurethane jacket and AL

foil/polyester shield, then remove the adhesive release liner :
for maximun shielding effectiveness. Attenuation @ 1GHz is ;
99dB. Also available for round cables. o

For details contac

HeZiPPERTUBING::

P.0. Box 61129 ¢ Los Angeles, CA‘90(
(800) 321-8178 ¢ Fax: (310) 767-171
www.zippertubing.col
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CONDUCTIVE PAINT AND
FORM-IN-PLACE GASKETS
FOR EMI SHIELDING

IVC, the UK’s largest EMI Shielding

coating and gasketing company, has
established manufacturing, sales and
service facilities in the U.S.
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IVC's U.S. PLANT WILL OFFER
» Form-In-Place (F.I.P.) Gasket Application,
Sub-assembly, and related services
» Conductive Paint Spraying
» Secondary Operations, such as Inserting,
Ultrasonic Welding and Pad Printing

Call_ FAX or write for our new brochure:

IVC Division of Doncasters, Inc.
145 Industrial Bivd. (P.O. Box 948)
Rincon, GA 31326 (Near Savannah)

Phone: 912-754-8810 s FAX 912-754-8801
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H Shielding Components Designed and
Manufactured to Meet World Standards.

B Radio Frequency and Electromagnetic
Shielding for Critical Electronic
Circuits and Installations.

@ Custom Designed and Manufactured
Shielding Products.

M Military Tempest and MIL-G-83528A
Standards

AT
VJECKNIT 'S0
emi sHieLoing propucts  F OO X :
129 DERMODY STREET, CRANFORD, NJ 07716 »’ﬁ;
(908) 272-5500 / FAX (908) 272-2741

Website: http://tecknit.com e-mail: tecknit@tecknit.com
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Overview of Tecbniques for Depositing EMC Shielding
Coatings . . . Continued from page 69

Conclusion

Over the past couple of decades, the proliferation of
electronic devices has led to the introduction of regu-
lations controlling the emission of electromagnetic
waves. It is important that designers consider the EMC
compatibility of their products at early stages of de-
sign. In many cases, compliance can be achieved by
simple modifications to the board layout.

Coatings form an essential part of the design of many
electronic products such as mobile phones, computer,
medical equipment and military hardware. A number
of coating processes have been developed that can
provide high levels of EMC shielding.

With ever increasing intricacies and volumes of plas-
tics that require shielding, EMC compatibility will con-
tinue to provide coating technologists with challenges
to produce consistent, high-volume, low-cost coating
solutions.
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