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here has been an increase in the 

use of plastics in the manufacture 

of electronic equipment, particu- 

larly in computers and telecommu- 

nications. This has been driven by eco- 
nomics and has allowed for increased min- 

iaturization and more complex designs. 
Due to the dielectric nature of the plas- 

tic, it has been necessary to develop shield- 

ing techniques to protect sensitive elec- 
tronic devices from any external interfer- 

ence and to develop complete immunity. 

In developing shielding techniques, it 

has been necessary to consider the ad- 

vantages of using the full-function design 
flexibilip of plastics for multi-site manu- 

facture and assembly. 
EMI-RFI shielding of plastics is achieved 

by the use of a conductive coating gener- 

ally applied to the plastic substrate (Table 
I). As an alternative, internal metal shields 

can be used, provided space permits. 
Demands in the marketplace over the 

last 10-plus years have resulted in im- 

proved coating technology to meet the 
needs of the manufacturers of electronic 
products. Improvements have been 
achieved not only in performance, but also 

in application. 

The key issues which determine the per- 

formance of the conductive coating when 

applied to the plastic are: 
Adhesion 
~ Integrity of the coating before and af- 

ter environmental cycling 
~ Ability to process an increasing num- 

ber of engineering thermoplastics and 
thin-walled molded parts 

Conductivity 
~ Highest conductivity point-to-point to 

meet the demands of today's electron- 

Ics 
~ Faster clock speeds, harmonic effects, 

avoidance of part-to-part impedance 
~ Retention of conductivity after environ- 

mental cycling to ensure reliability of 
the final product in the field 

~ Uniformity of the conductive film to en- 

sure current flows are flat 

Uniformity/Dimensional Consistency 
~ Incorporation of more functionality into 
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Table X. Key conductive coating processes. 
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Performance characteristics of conductive coatings . . . continued from page 125 

the design of injection-molded 
plastic places more emphasis on 
the tolerance of the process in ac- 
commodating the inclusion of 
added features 

~ Avoidance of line-of-sight depen- 
dence in coating applications 

~ Consistency in film thickness to 
ensure mating during assembly 

~ Reproducible coating thickness to 
ensure consistency in high volume 
production 

Durability 
~ Good abrasion and wear resis- 

tance to facilitate retention of the 
conductive film during mating and 
unmating of parts at snap-fits and 
during assembly 

Corrosion and Oxidation 
Resistance 
~ Retention of the electrical conduc- 

tivity over the expected life of a 
given product. This is especially 
important mith the increased num- 

ber of hand-held, portable elec- 
tronic products now in use. 

Cost 
~ Cost competitiveness of the pro- 

cess mith consideration to mate- 

rials, material losses, throughput, 
yields, masking, final finish costs, 
etc. 

Appearance 
~ Importance of uniform part ap- 

pearance, even for internal areas. 
Recycle/Reuse/Waste Treatment 
~ The ability of a given coating pro- 

cess to meet the needs of recy- 

cling and reuse mith regard to the 
finished part 

~ Waste treatability of the technol- 

ogy within existing regulations 
Gasket Compatibility 
~ Importance of form-in-place gas- 

ket compatibility, particularly in 

terms of good adhesion. 
Since EMI/RFI is achieved via a 

conductive coating mechanism rather 

than the bulk absorption properties 
of the coating, it follows that the 
more conductive the coating, the 
better the shielding performance. 

In Table 2, silver is shomn to have 

the highest conductivity, and as such 
mould be expected to provide the 
greatest shielding effectiveness. Cop- 
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Table 2. Relative conductivity of 
shielding metals. 

per, however, the basis for the plated 
coatings, is a close second and mith 

its lower cost, has many attractions. 

ELECTRQL~ CQATINGS 
Electroless coatings are deposited 
onto the plastic substrates by either 
all-over plating or selective plating. 
The all-over plating process involves 

etching the plastic, usually with chro- 
mic acid, and activating mith a pal- 
ladium catalyst, whereas the selec- 
tive plating process involves coating 
selectively mith a base coat to pro- 
vide a catalytic surface. The base coat 
is applied by spraying, preferably us- 

ing robotics. 
After a catalytic surface is applied, 

parts are coated with high conduc- 
tivity copper, followed by nickel for 
corrosion and wear protection. 

The deposition by immersion of 
copper and nickel is achieved by the 
autocatalytic chemical reduction of 
metal ions from solution. The thick- 
ness of the deposited metal is de- 
pendent upon the duration of im- 

mersion. 
For all-over plating, 1 p to 1. 5 p 

copper and 0. 3 Ir to 0. 4 p nickel is 

generally sufficient for effective 
shielding, whereas for selective plat- 

ing, 2. 5 p to 4. 0 Ir copper and 0. 3 to 
0. 4 p nickel mould be used. 

Although copper exhibits excel- 
lent conductivity, it readily oxidizes 
to a lower conductive state upon 
exposure to the environment; this 

significantly reduces its shielding ef- 
fectiveness. It is for this reason that 
a nickel topcoat is applied over the 
copper layer to produce the duplex 
electroless coating. The electroless 
nickel top coat serves as a barrier 
layer to protect the highly conduc- 
tive copper underlayer from environ- 
mental exposure, thereby preserving 
the conductive properties of the coat- 
ing. The thin electroless nickel top- 
coat provides superior wear and 
abrasion resistance for snap fits and 
interconnect mechanisms. The elec- 
troless nickel also serves as an ex- 
cellent paint base for subsequent 
decorative finishing. 

These thin coatings obviously pr' o- 
vide the benefit of low weight gain. 
The main benefit, however, of elec- 
troless coatings is the absolute uni- 

formity and continuity of the coating 
over a complex shape, providing 
consistency of shielding effective- 
ness. 

Electroless coatings are the only 
coatings that are independent of line- 

of-sight. 
As with any selective process, the 

selective electroless process has the 
benefits of no finish painting require- 

ment, and compared to all-over plat- 

ing, it eliminates the need for chro- 
mic acid etching and palladium acti- 
vation. Both processes can be readily 
automated. 

The elimination of etching can be 
of benefit when using thin walled 

moldings, i. e. , mobile telephones. 

ELECTRQPLATEjDI CQATINGS 
Electroplated coatings utilize the 
same pre-treatment sequence as all- 

over plating electroless coatings and 
are used: 
~ To produce thicker coatings of 

copper 
~ To decorate finishes for aesthetic 

purposes 
The thicker copper coatings can 

be required to improve the rigidity 
of the plastic for certain assembly re- 
quirements. Thicker copper coatings 
may also be used for ultra high fre- 

quency applications for military or 
microwave. 
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Electroplated coatings do not have 

the same absolute uniformity prop- 
erties as the electroless coating pro- 
cess, due to current density varia- 

tions over the part. 
Electroplated decorative finishes 

are available in many colors or fin- 

ishes; however, this is usually only 
a consideration on external compo- 
nents. 

CONBUCTIVE lp'NNT 

Historically, copper paint (for low 

cost) and silver paint (for high con- 
ductivity) have been used for coat- 

ing plastic substrates. 
In order to maintain lower cost 

levels, but to improve conductivity 
nevertheless, developments have 
included the introduction of silvered 

copper paints with varying degrees 
of silver content, i. e. , 3 to 9%. How- 

ever, coating thicknesses of 17 to 37 
Ij were still required to provide ac- 

ceptable levels of shielding effective- 

ness, although environmental resis- 

tance was still poor. 
Concurrently, the method of con- 

ductive paint application was being 
reviewed. Linked to the use of ro- 

botics, for improved definition, were 
HVLP guns, which use greatly re- 

duced pressures to ensure good at- 

omization. Reduced nozzle sizes 
were able to be used, ensuring im- 

proved transfer efficiency and pro- 
viding better cost control. These im- 

provements enable a more cost-ef- 
fective use of the historically more 
expensive silver paint. With changes 
to paint formulations and application 
techniques, thicknesses of 5 to 15 Ii 
of silver paint would provide effec- 
tive shielding. 

To improve the hardness and co- 
hesion, and yet retain the high con- 
ductivity of the silver, a recent de- 
velopment has seen the introduction 
of a silver nickel paint, which re- 

quires a thickness of 5 to 25 li to 
produce a similar conductivity to sil- 

ver paint. 
Nickel paint is still used to a lesser 

degree for low-frequency application 
and ESD. 

Where thicker coatings of paint 

are required, this value clearly re- 

lates to a minimum thickness which 

can be a constraint on parts with a 
complex geometry. 

To date, most conductive paints 

are based on solvent formulations 

with varying degrees of VOC con- 
tent, but show a tolerance to humid- 

ity and have the ability to coat a 

wider range of plastic substrate. 
Aqueous-based alternatives are now 
being developed. 

Traditionally, vacuum metallizing has 

used aluminium as the coating of 
choice. When applied in a thickness 

of 5 p, the shielding effectiveness of 
aluminum was adequate. However, 
the coating resistance to environmen- 

tal testing did show signs of deterio- 
ration. Thicker coatings can be ap- 
plied with a double chamber appli- 
cation; this reduces the cost effec- 
tiveness and illustrates the fact that 

the process is a batch process. 
Market demands have also led to 

new developments in the vacuum 

metallizing sector. To improve con- 
ductivity, vacuum coatings of cop- 
per are now being investigated by 

applying thicknesses of 3 to 4 Ii. To 

improve environmental resistance, 
this is coated with nickel/chromium 

or 1. 5 II tin. 
The vacuum metallizing process 

still relies upon line-of-sight issues, 

and therefore has penetration prob- 

lems, especially in deep recesses 
such as venting slots. This is particu- 

larly the case with the nickel/chro- 
mium coating. Vacuum metallizing 

is generally used as a selective pro- 
cess. 

Electrical and shielding perform- 

ance comparisons of some of the 

coatings have been carried out. For 
the electrical and adhesion perfor- 
mance comparisons the following in- 

dustry test methods were used: 
UL 746C Adhesion Test 
4/4/16 Temperature/Humidity 
Test 
5% Neutral Salt Spray 
Thermal Shock Test 
UL Humidity Test 
Ohms-per-square and point-to- 

point electrical test methods were 
used as the method of measurement. 

Ohms-per-sqzzarej Ohms-per- 
square results typically show only 
small differences between plating 

technology, conductive paints and 

vacuum metallizing. 
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Specifying ohms-per-square is 

helpful in confirming the basic fin- 

gerprint conductivity at a given point 
on the part. However, ohms-per- 
square does not characterize the con- 

tinuity of the conductive paint across 
the surface of a manufactured part. 
Further, ohms-per-square cannot be 
accurately measurecl on non-flat sur- 

faces. 
Point-to-point: Point-to-point does 

show differences for all the different 

conductive coating types based upon 
variations in the application thick- 

ness, part geometry and distance of 
measurement. 

All-over electroless-plated coat- 
ings show little variation in point- 
to-point values due to the uniformity 

of the deposited copper film. 

Selective electroless-plated coat- 

ings show minimal change in point- 
to-point values and values are slightly 

lower than for all-over coatings due 
to the subtle differences in the con- 
tinuity of the copper film which is 

applied to the selectively-applied 
base coat. 

Conductive paint technology m ill 

show variations in point-to-point 
readings primarily due to variations 

in application thickness. Increased 
control of paint thickness by the use 
of robotics, rotary console, etc. , can 
reduce such variations. 

As part geometries become more 

complex, the contribution of line-of- 

sight to lower point-to-point read- 

ings will increase. Specifying point- 
to-point conductivity for copper sil- 

ver paints requires confirmation of 
attainable results based on specific 
part geometries and actual painting 
conditions. 

All-over electroless coatings are 

virtually unaffected in its electrical 
and EMI performance by accelerated 
temperature/humidity (Table 4), ther- 

mal shock (Table 5) or salt spray test- 

ing (Table 6). 
Also, selective electroless coatings 

were not significantly affected by 
accelerated environmental testing 
methods. 

Silver and nickel-silver conductive 

paints maintain their conductivity 
very well after environmental cy- 
cling. 

Silver-based paints can show a 

lowering of their resistance after the 

first test sequence period. This is at- 

tributed to further settling or orien- 

tation of the silver particles within 

the paint film. 
Silvered copper paints are more 

vulnerable to deterioration when ex- 

posed to corrosive environments 
such as salt spray (Table 6). Attack of 
the exposed copper in the paint film 

produces non-conductive oxides. 

Thermal shock has minimal effect 

on the electrical properties of the 

silvered copper paint (Table 5). It 

can clearly show differences in the 

adhesion ancl cohesion of all coat- 

ings. 
Temperature/humidity testing 

(Table 4), shows differences among 
various products in their moisture re- 

sistance. It also identifies the cohe- 
sive characteristics of the paint film 

for a particular formulation and/or 

the conditions under which it was 

sprayed, with respect to humidity. 

Shielding performance measure- 

ments were also carried out using 

the coaxial transmission line method 

(ASTM D-5935-89) for both the ini- 

tially applieci coating and following 
the same environmental test proce- 
dures: 
~ 4/4/16 Humidity/Temperature cy- 

cling 
~ Thermal shock 
~ Neutral salt spray 

Again, the results mere consistent 

and in line with the relative conduc- 

tivity measurements expressed in 

Tables 4, 5 and 6. 
In consideration of the perfor- 

mance — both electrical and shield- 

ing effectiveness — various conduc- 
tive coatings offer different poten- 
tials to electronics design engineers. 
These considerations follow. 
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USE DF CIOINIDIUC'Ii"IVE 

CQATINGS IN 
KLKCVRIICAIL DIMIIGN 

A major benefit of plastic is that de- 

sign engineers can take advantage 

of its full function design flexibility 

including: 
~ Snap fit 
~ Bosses 
~ Card guides 
~ Stand offs 
~ Rrbs 
~ Fasteners 

However, even with this design 

flexibility, it is not practical to de- 

sign a 6-sided enclosure and get it 

out of the mold. As an alternative, 

typical design calls for the molding 

of several subassemblies that are then 

assembled to provide a 6-sided box. 
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ficult to assemble, or thin, loosely 
fitting, and increase impedance. 
The highest conductivity paint 
should be used to reduce the re- 

quired thickness and minimize the 
coating thickness variation. 
Vacuum metallizing offers uniform 

coating for part-to-part acceptance 
mating. Ho~ever, increased im- 

pedance due to poor environmen- 
tal resistance of aluminium can 
result. 
Electroless coatings provide uni- 

form coatings for a good fit — good 
environmental resistance. 

SNAP FITS, BOSSES AND 

The subassemblies usually consist of 
a base, top and often a bezel and 
utilize many functional design fea- 
tures including: 
~ Vents/apertures 
~ Fasteners 
~ Seams and snap fits 
~ Grounds 
~ Ribs, bosses and stand offs 
~ Card guides 
~ Waveguides 

Although the use of these design 
features alleviates the problem of 
molding a 6-sided enclosure, their 
use significantly increases the com- 
plexity of achieving EMC using elec- 
trical design. Hence, including con- 
ductive coatings (shielding media) in 

electrical design to achieve EMC is 

important. 
Since enclosures are not solid 6- 

sided boxes, the actual shielding ef- 
fectiveness is usually determined by 
EMI "leakage" at seams, joints and 
holes, including vents, rather than 

by the shielding effectiveness of the 
shielding media alone. In other 
words, the conductive coatings must 
function as uniform and highly con- 
ductive coatings across all subassem- 
blies so that, in effect, they will op- 
erate as one unit (i. e. , 6-sided box) 
to ensure EMC. 

BENEFITS TQ EMC 
9ESIGN EIIIGINEERS 
JOINTS AND SEAINS 

One of the most important aspects 
of electrical design is the method of 
achieving acceptable part-to-part 
conductivity at overlapping walls and 
mating surfaces. EMI leakage be- 
tween mating surfaces at joints or 
seams is the primary reason why 
shielding effectiveness is reduced. If 
a continuous conductive path does 
not exist between the mating sur- 

faces, slot antennas can develop. The 
increased impedance created by re- 
duced or lack of conductivity will 

result in EMI problems. Maintaining 
electrical continuity also aids in the 
dissipation of ESD that may build up. 

The potential for slot antennas can 
be minimized by addressing the is- 

sue on two points: (I) properly de- 
signing mating surfaces to maximize 
electrical contact, (2) proper selec- 
tion and integration of the shielding 
coating and (3) employment of 
sound gasketing media — e. g. , form- 
in-place gaskets. 
Technology Comparison: 
~ Conductive paints can cause prob- 

lems with thickness variations— 
improvements in application tech- 
niques can reduce this. 

~ Mating surfaces can be thick, dif- 

. "Silv'el. ;paintI5!('lI:„"'% 110 — + '-:;, . 70„', , „: 16 ~ 

Table 5. Thermal shock results — 32 cycles. 

CONTACT FINGERS 

iWechanical Design: Ease of assem- 

bly is a key benefit when taking 
advantage of the full function de- 
sign flexibility of plastics. Snap fits 

are a popular option elected by 
many design engineers. They al- 

low for multiple site production 
of various parts and easy low-cost 
central assembly of the final en- 
closure. Snap fits may also be used 
for applications where entry and 
exit to the internal electronics oc- 
cur with some frequency. 

Electrical Design: The importance of 
maintaining a conductive path at 
the contact surface to avoid at- 

tenuation loss and slot antenna 
effects is clear. In addition to be- 
ing used for mechanical design, 
snap fits and bosses, as well as 
contact fingers, are used to 
achieve EMC through electrical 
design. Maintaining pressure on 
the mating surfaces of snap fits 

provides for a continuous conduc- 
tive path across mating surfaces. 

Technology Comparison: 
Certain conductive paints can 
show weakness with respect to 
abrasion resistance. Ho~ever, 
new paints such as nickel silver 

do more towards addressing this 

issue. 
Similarly, copper/nickel vacuum 
metallization has been developed 
to minimize abrasion wear com- 
pared to aluminiun;. . 

Electroless coatings provide good 
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electrical conductivity across mat- 

ing surfaces (part-to-part), even 
after environmental exposure. 
Electroless coatings also exhibit 
good wear resistance, primarily 
due to thin uniform copper/nickel 
coatings and also because of the 
high hardness (VH 650) of the 
nickel topcoat. 

Electroless coatings are uniform 
on coverage of complex shapes. 

GROUNa twa 

Adequate grounding has become a 
key requirement for achieving EMC 

through electrical design. This is be- 
cause of the increased clock speeds 
used with modern digital electron- 
ics. With the increased clock speeds, 
electric fields build and fade at a 
rapid rate and set up current flows 
and the potential for electromagnetic 
interference. In the past, enclosures 
were larger and the distance from 
the enclosure to the internal elec- 
tronics was greater, thus reducing the 
potential for electromagnetic inter- 
ference. 

Ho~ever, given the trend toward 
smaller enclosures and more popu- 
lous electronics, field interactions are 
a necessary concern and grounding 
is required to avoid conducted EMI. 
In addition, the shift toward higher 
density circuits using surface-mount 
components and advanced packag- 
ing concepts places a significantly 
increased level of functionality on a 
single board layer. Circuit lines are 
much closer together and field in- 
teractions are a very significant is- 

VENTS AN& APERTURIES 

Vents and apertures are integral parts 
of enclosure designs utilizing the full 

function capabilities of plastics. Vents 
are typically incorporated into the 
design to provide for cooling of the 
internal electronics. Apertures are in- 

corporated into part design to pro- 
vide access ways in the enclosure 
for cabling and other electronic con- 
nections. Vents and apertures will be 
present in any array of different di- 
mensions to ensure no EMI leaks and 
no slot antenna effect. 
Tech nology Comparison: 

Conductive paints exhibit prob- 
lems on small vents with increased 
wall thicknesses primarily due to 
line of sight limitations. 
Vacuum metallizing is satisfactory 
provided the recesses are not too 
deep. 

sue to electrical design. Adequate 
grounding is necessary in dealing 
with this phenomenon. 

Technology Comparison: 
Certain conductive paints such as 

copper silver and aluminium 
vacuum deposition are susceptible 
to environmental oxidation, result- 

ing in increased surface resistance 
and higher impedance across the 
ground. Silver and nickel/silver 
paints are less susceptible. 
Electroless coatings maintain their 
surface conductivity due to the 
corrosion resistance of the elec- 
troless nickel deposit. 

Several conductive coatings can be 
used for EMI/RFI shielding of elec- 
tronic equipment using plastic hous- 
ings. 

Each will have a place in the mar- 

ket. Electroless coatings technically 
provide the best shielding compat- 
ibility for the following reasons: 

They use high conductivity copper. 
They offer absolute uniformity 
and continuity. 
There are no line-of-sight issues. 
They offer environmental stability. 
Conductive paints, particularly sil- 

ver-based products, offer good con- 
ductivity, and with improved appli- 
cation techniques, can reduce varia- 

tions in coating thickness. 
Vacuum metallizing is a batch pro- 

cess and is also governed by line- 
of-sight issues. Aluminium does not 
stand up to environmental testing, 
and copper nickel coatings are sus- 
ceptible to throwing power problems 
on complex shapes. 
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