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INTRODUCTION 
The increasing importance of 
conductive coatings for EMI 
shielding has resulted from the 
greater use of plastic materials 
in product design. Because plas- 
tics are nonconductors and are 
transparent to electromagnetic 
waves, the incorporation of a 
conductive coating has become 
an important method of provid- 
ing EMI shielding to digital elec- 
tronic products manufactured 
using plastic enclosures. 
Choices of conductive coating 
materials are based on electri- 
cal, design and reliability issues 
and manufactured cost issues 
(Table 1). 

The principal types of conduc- 
tive coatings used to achieve EMI 
shielding include electroless plat- 
ing, conductive paints, and 
vacuum metallization. Within 
each of these three types of coat- 
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ings there are several variations 
(Table 2). 

CONDUCTIVE COATING 
TECHNOLOGIES 
ELECTROLESS PLATING 
Electroless shielding is based on 
an autocatalytic, chemical plat- 
ing process which produces a 
pure, continuous and uniform 
coating of metal to achieve EMI 
shielding of electronic enclo- 
sures. These coatings are du- 

plex coatings consisting of a layer 
of electrolessly-deposited pure 
copper with an overcoat of 
electrolessly-deposited nickel- 
phosphorus alloy (4 to 10% P). 
Each layer provides specific per- 
formance benefits and contrib- 
utes in a synergistic manner to 
the overall effectiveness of the 
shield. The thin, highly conduc- 
tive layer of copper provides ex- 
cellent conductivity for E-field 
and plane wave shielding effec- 
tiveness. The primary function 
of the electroless nickel-phos- 
phorus top coat is to protect the 
copper sub-layer from oxidation 
and corrosion. Additionally, the 
nickel top coat provides abra- 
sion and wear resistance due to 
its high as-plated hardness. Fur- 
thermore, the electroless nickel 
coating functions as an excel- 
lent paint base when required in 
post-finishing operations. 
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~ Increasing fundamental 
frequencies of operation 

~ Harmonics associated with 
increasing clock speeds 

~ Increased requirements for 
power supplies 

~ Increased density in electronic 
circuitry and electronic packaging, 
creating more problems with 
crosstalk during use 

~ Closer proximity of electronics 
due to size reduction 

~ Miniaturization/size reduction due 
to more portable products 

~ Increased complexity in molded 
plastics to reduce cost through 
the incorporation of more 
designed-in features 

~ Increased use of thin-walled 
molded product 

~ Increased number of digital 
products in industry 

~ Globalization of EMI regulations 
~ Growing importance of immunity 

in the global marketplace 

~ Basic cost of materials 
~ Secondary costs in assembly and 

production 

Table 1. Factors Contributing to the iVeed for Conductive Coatings. 

100 ITEM 1995 



Electroless shielding processes 
can be applied over the entire 
part to achieve complete metalli- 
zation of an enclosure (Figure 1), 
or selectively, to metallize only 
specified areas. For the selective 
process, a special conductive 
organic coating is applied by 
spraying those areas of the plas- 
tic part where plating is desired. 
The balance of the part is masked 
to insure precise definition be- 
tween those surfaces which are 
intended to be plated and those 
which are not. Selective plating 
then proceeds in the same man- 
ner as the conventional double- 
sided process, but plating only 
takes place on those areas where 
the basecoat has been applied 
(Figure 2). 

The shielding effectiveness and 
inherent conductivity of the part, 
whether it is processed selec- 
tively or by conventional means, 
are primarily functions of the 
thickness of the copper. Surface 
resistivity or impedance is also 
influenced by the smoothness of 
the surface for a given copper 
thickness. For most applications, 
the copper and nickel thick- 
nesses necessary to meet nor- 
mal FCC performance require- 
ments are in the ranges given in 
Table 3. 

Increased shielding perfor- 
mance, in both E-field and plane 
wave, can be achieved by incor- 
porating additional copper thick- 
nesses. Electroless copper can 
be applied commercially and eco- 
nomically up to approximately 
200 pin (5 Iim). Beyond this 
range, electroplated copper can 
be used to supplement the pro- 
cess and achieve greater thick- 
nesses if required. However, elec- 
troless plating is not capable of 
providing significant levels of H- 
field shielding. Even with in- 
creased thicknesses of nickel, it 
has limited absorption and per- 
meability. 

In the case of electroless nickel, 
a thickness of 10 to 25 Itin (0. 25 
to 0. 6 pm) is normally sufficient 
to provide protection to the un- 

derlying copper film and also to 
provide adequate durability. In- 
creased thicknesses of electro- 
less nickel can be achieved 
readily through longer immer- 
sion times. In some cases, greater 
thicknesses of nickel are desired 
to accommodate certain attach- 
ment procedures, such as sol- 
dering, or to further improve 
corrosion and wear performance. 
Nickel thicknesses of 200 to 500 
p, in (5 to 12. 5 pm), for example, 
can be achieved when needed. 
Other metals, such as tin, can 
also be plated onto the nickel if 
desired. 

dry film thicknesses while still 
providing effective shielding. 
However, the very high material 
costs associated with silver paint 
tend to restrict its use. 

Nickel conductive paint has 
been a traditional shielding 
choice for plastic parts, but its 
lower level of conductivity has 

Electroless Plating 
~ Double-Sided Plating 
~ Selective Plating 

Conductive Paints 
~ Silvered Copper Paint 
~ Copper Conductive Paint 
~ Nickel Conductive Paint 
~ Silver Conductive Paint 

Vacuum Metallizing 

Table 2. Principal Conductive 
Coatings. 

"' 
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Electroless Copper 

Plastic Substrate 

Electroless Copper 

:. :, ::. :, . '. - -. . . -. :Electroiess: Nickel"-'""':: ' 

Figure 1. Double-sided Plating 
Process. 

Electroless Copper 

Basecoat 

Plastic Substrate 

Figure 2. Selective Plating Process. 

materials like mu- 
metal are best suited 
for these situations. 

Silver-based conduc- 
tive paints offer excel- 
lent conductivity and 
can be applied at lower 

Copper 
Double-Sided 40-80 Iiin 

1-2 pm 

Selective Plating 80-100 Wn 

2-2. 5 pm 

Nickel 
10-25 pin 
. 25-. 6 p, m 

10-25. p, in 

. 25-. 6 p. m 

Table 3. Tgpica/. Plating Thickness. 

Conductive Paints 
Conductive paints have tradi- 
tionally been used to coat plas- 
tics to achieve EMI shielding. 
This technology is based on the 
incorporation of a conductive 
filler and pigments into a resin 
binder. In general, the alterna- 
tive types of conductive fillers 
used in today's conductive paints 
include copper, silver, graphite 
or nickel. The primary binder 
systems used in the formulation 
of these products include vinyls, 
acrylics, polyurethanes and ep- 
oxies. 

The most commercially signifi- 
cant conductive paint technol- 
ogy today is based upon copper. 
This may or may not include the 
use of silver-plated copper fillers 
to enhance copper conductivity 
and to assist in protecting the 
copper film from oxidation when 
exposed to corrosive conditions. 
Conductive copper and silver 
paints are primarily suited for 
addressing the requirements for 
shielding in the E-field and plane 
wave applications. They possess 
no significant capabil- 
ity to provide H-field 
shielding. Permeable 
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begun to limit its use for many of 
today's electronic products. Al- 
though the performance of nickel 
paint, in most applications, is 
not equal to that of copper paint, 
electroless plating or vacuum 
metallizing, it continues to meet 
the needs of the market when 
shielding requirements are more 
modest and the environmental 
resistance of the coating is not a 
significant issue. One advantage 
of nickel paint over copper or 
silver paint is its durability, due 
to the hardness of the nickel. In 
addition, as is the case with 
greater thicknesses of plated 
nickel, limited amounts of H- 
field shielding can be attained 
when nickel paint is used. 

Conductive paints usually in- 
volve high solids, solvent-borne 
processes, although some water- 
borne processes are also used 
commercially. The paints them- 
selves are applied through a va- 
riety of conventional spray tech- 
niques, and as such, can be pro- 
cessed at a number of commer- 
cial operations. High-volume, 
low-pressure (HVLP) equipment 
is most often selected for con- 
ventional spraying operations. 
HVLP equipment improves the 
transfer efficiency of the paint as 
'compared to traditional high- 
pressure spray equipment (air 
atomizing or airless). Typical 
over-spray losses for conductive 
paints are in the range of 30 to 
40o/o. For parts with less com- 
plex geometries, over-spray 
losses can be less than 30/o. In 
contrast, with more complexity 
incorporated into the designed- 
in features, additional passes are 
necessary. to avoid flooding in 
some areas and/or leaving voids 
in others. Thus, over-spray losses 
tend to increase under these cir- 
cumstances. In high-volume pro- 
duction, robotics and HVLP 
equipment are employed to im- 
prove uniformity and consistency 
in the application of the paint. 

Conductive paints, by the very 
nature of the process, are selec- 
tive to the areas where they are 

applied. As such, they use mask- 
ing techniques similar to those 
employed for selective plating. 
The shielding performance of 
conductive paints varies with the 
thickness of the dry paint film 
and with the inherent conduc- 
tivity of the paint, which is a 
result of the filler used and the 
uniformity of the conductive filler 
within the binder system. Sur- 
face resistivity is also influenced 
in the same way and is further 
affected by variations in the uni- 
formity of the paint film over the 
entire surface of the part. In 
cases where the paint is flooded 
onto the part, settling of the 
conductive fillers in the paint 
film may result, reducing con- 
ductivity in that area. 

Typical thicknesses used to 
achieve adequate EMI shielding 
from conductive paints are sum- 
marized in Table 4. 

Vacuum Metallizing 
Vacuum metallizing for EMI 
shielding is principally based 
upon vacuum-deposited alumi- 
num. In the application of the 
process, parts are masked and 
placed on fixtures which rotate 
inside the vacuum chamber 
where the deposition takes place. 
During the deposition of the alu- 
minum, the vacuum chamber is 
pumped to a low enough vacuum 
to vaporize the aluminum which 
is deposited onto the plastic part 
as it rotates in the chamber. 
Pure aluminum is sited in the 
chamber on the. electrically- 
heated evaporator . unit (located 
in the center of the chamber). An 
aluminum vapor radiates like a 
cloud out from the center of the 
chamber, condensing onto the 
plastic parts as well as onto the 
chamber itself. 

Vacuum deposition is a batch 
process that is best suited for 
small-to-moderate size parts 
with limited complexity. The typi- 
cal thicknesses applied for EMI 
shielding are 0. 1 to 0. 25 mils (3 
to 6 pm). Commercially, thick- 
nesses of up to 0. 5 mils (12 pm) 

Copper Paint 

Nickel Paint 

2-3 mils 

50-75 pm 
2-3 mils 

50-75 p. m 

Silver Paint 
12-37 pm 

Table 4. Typical Application 
Thicknesses (Dry Film). 

PERFORMANCE 
CONSIDERATIONS 
ELECTRICAL PROPERTIES 
The conductivity of coatings can 
be measured using several dif- 
ferent methods. The two most 
common means of determining 
conductivity include the ohms- 
per-square test method and the 
point-to-point measurement 
(Tables 5 to 7). 

In the case of conductive shield- 
ing materials which are designed 
to address E-field and plane wave 
shielding, the importance ofhigh 
surface conductivity increases 
significantly with the fundamen- 
tal frequencies of device opera- 
tion. In addition, the effects of 
the harmonics associated with 

have been used for EMI applica- 
tions. 

Masking of the parts is accom- 
plished using conventional hand- 
masking methods or in conjunc- 
tion with the actual fixtures used 
to hold the parts in the chamber. 
The vacuum process can require 
a surface preparation step, such 
as plasma, to aid in the adhesion 
of the vacuum-deposited alumi- 
num to the plastic. Since vacuum 
deposition is a batch process, it 
is most cost-effective when the 
part size and design allow for an 
increase in the number of parts 
in the chamber while simplifying 
the masking that is needed. 

As with any spray coating pro- 
cess, vacuum deposition is a line- 
of-sight dependent technology. 
Thus, masking and fixturing 
become more important elements 
in the successful, cost-effective 
application of the coating as the 
design complexity increases. 
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Corid0ctor. ;;. 
': 

Thickness:::, :. . . . , -:, Ccil|ductiyity" 

Double-Sided 
Plating 

Selective 
Plating 

Silvered 
Copper Paint 

Copper Paint 

Nickel Paint 

Silver Paint 

Vacuum 
Deposition 

50-80 p, in 

1. 2-2. 0 m 

80-100 p, in 
2. 0-2. 5 Iim 

1. 5-3. 0 mils 
37-75 pm 

2. 0-3. 0 mils 
50-75 p, m 

1. 5-3. 0 mils 
37-75 Iim 

0. 5-1. 5 mils 
12. 5-37 Iim 

200-300 pin 
5-7. 5 pm 

0. 01-0. 02 0/sq. 

0. 02-0. 03 Q/sq. 

0. 03-0. 05 Q/sq. 

0. 2-0. 5 0/sq. 

0. 5+ Q/sq. 

0. 03-0. 05 Q/sq. 

0. 1-0. 2 0/sq. 

Table 5. Conductivity of Alternative Shielding Methods 
According to Ohms-per-Square Measurement. 

Selective 
Plating 

A-B 

A-C 

Silvered 
Copper Paint 

A-B 

A-C 

0. 25 (1. 6 jim) 0. 07 (4. 0 p, m) 0. 03 (8. 0 Itm) 

0. 14 (1. 6 p. m) 0. 09 (4. 0 pm) 0. 04 (8. 0 pm) 

0. 65 (80 p. m) 0. 34 (120 p, m) 
0. 72 (80 p, mj 0. 34 (120 pm) 

Table 6. Conductivity Measured According to Point-to- 
Point Method. Measurements made on laptop computer 
top cover, as coated. Approximate 12" horizontal 
distance point-to-point. 

Point-to-Point 
Q Q/Sq. 

Double-Sided 
(3. 2 pm Cu) 

Single-Sided 
(4. 0 p, m Cu) 
Silvered Cu 
Paint (80 pm) 

0. 04 

0. 07 

0. 65 

0. 06 

0. 09 

0. 72 

0. 02 

0. 02 

0. 03 

Table 7. Conductivity Measurement Techniques Com- 
pared. 

Double-Sided 
A-B 0. 17 (1. 6p. m) 0. 04 (3. 2Iim) 0. 03 (4. 0@m) 
A-C 0. 21 (1. 6 pm) 0. 06 (3. 2 pm) 0. 04 (4. 0 Iim) 

these fundamentals increase the importance of 
determining both the conductivity of the coating 
and the uniformity of the conductive film across 
the entire surface of the part. 

In production, conductivity testing becomes 
an important means for quality control of indi- 
vidual parts as well as for part-to-part testing of 
assembled enclosures. For plated coatings, 
ohms-per-square testing can also be used as an 
effective check on the actual thickness of plated 
metal films, due to the uniformity and conduc- 
tivity of the metal film itself. 

OHMS-PER-SQUARE TESTING 
Ohms-per-square testing involves the place- 
ment of a probe on the surface of a part. This 
probe has two outside blocks of equal geometry 
and a space of equivalent dimension between 
the blocks (Figure 3). In general, the ohms-per- 
square test produces relatively ideal results for 
a given coating in that the proximity of the 
measurement is very close. Variability in read- 
ings will result from differences in the pressure 
applied to the surface by the inspector. In 
addition, variations in the surface topography 
due to variability in the conductor thickness, 
discontinuities in the coating, or as a result of 
part roughness will also affect the final result. 

On plated parts, the test is useful as a quick 
quality control check to verify that a minimum 
thickness of metallic copper has been deposited. 
The ohms-per-square method can also be used 
during processing of the copper plate to check 
an intermediate point for work in progress to 
confirm the actual metal thickness on the part 
in relation to a customer's specification. In the 
case of conductive paint, the ohms-per-square 
method is only capable of verifying that there is 
sufficient film thickness to achieve a given resis- 
tivity value. 

The ohms-per-square test is also an effective 
means of ranking alternative materials. This 
method, however, is not very effective for as- 
sessing the overall conductivity of a coating 
across an actual part, or part-to-part. The part 
geometry, the size, and features such as vents, 
card guides, standoffs, ribs, bosses, etc. can 
have a significant influence on conductivity 
measurements and will contribute to imped- 
ances due to variability in the thickness of some 
conductive coatings during application. 

POINT-TO-POINT TESTING 
Point-to-point conductivity testing is the most 
common means of evaluating the actual con- 
ductivity of shielding materials on production 
parts (Figure 4). This method utilizes two spring- 
loaded probes that are placed at designated 
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positions on the part or between 
two areas on mating parts (part- 
to-part conductivity). The con- 
ductivity between these two 
points is then taken as the mea- 
surement. 

Point-to-point testing is an ef- 
fective means of evaluating the 
consistency of a given conduc- 
tive material across actual parts. 
Typically, three to five locations 
(e. g. , A-E, A-B, A-C) are selected. 
These locations often include 
those areas of the part where 
there is concern over impedance 
due to variability in the actual 
coating. Thus, A-E might traverse 
bosses, supports, standoffs, etc. 
which represent line-of-sight 
concerns in the application of a 
given conductive coating. A-B 

W 4p 

Figure 3. Ohms-per-Square Testing. 

Figure 4. Point-to-Point Testing. 

might traverse areas where there 
is a very limited surface area 
through which current can be 
conducted. Distances that in- 
corporate vent areas and card 
guides fall into this category. A- 

C might cover a measurement 
where contact at mating sur- 
faces or point of contact (i. e. , 
seams, joints, standoffs, etc. ) is 
a concern. 

SHIELDINC EFFECTIVENESS 
The shielding effectiveness (SE) 
of conductive coatings can be 
evaluated using a variety of dif- 
ferent methods. These include 
the dual chamber and the trans- 
mission line methods and the 
newer coaxial transmission line 
test. 

DUAL CHAMBER / 
TRANSMISSION LINE 

TESTING 
Shielding effectiveness test- 
ing as defined by the ASTM 
ES7-3 Standard evaluates 
and ranks alternative shield- 
ing materials on flat or pla- 
nar surfaces. In this stan- 
dard, the near-field region is 
evaluated using the dual 
chamber test method. The 
far-field region is evaluated 
using the transmission line 
test method (Table 9). 

In general, the far-field 
region is that region where 
the distance from the radi- 
ating device is greater than 
5 X. At this point, the ratio 
between the magnetic field 
and the electric field is equal 
to A, /2z(3770) which is the 

RF free-space imped- 
ance. The near-field 
and transition areas 
are those regions 
where the distance 
is less than 5 L The 
transition point be- 
tween the near-field 
and far-field region 
is X/2z. Below this 
transition point, 
both electric and 

magnetic fields need to be con- 
sidered. 

The test results from Tables 8 
and 9 suggest several general 
conclusions on the relative SE of 
these alternative materials. 

~ Double-sided plating provides 
greater SE than alternative 
methods. This is partly due to 
the synergistic benefits of a 
coating on both sides of the 
plastic, increasing its ability to 
provide added reflected wave 
radiation. 

~ Far-field transmission line test 
results produce higher attenu- 
ation values, especially for 
plated metal coatings. A prin- 
cipal reason for this is the per- 
formance of more highly con- 
ductive coatings in E-field and 
plane wave conditions. The 
dynamic range for this test 
method is also higher, raising 
the attenuation values in gen- 
eral. 

~ At higher frequencies, currents 
tend to flow closer to the sur- 
face of the conductive film. 
Shielding effectiveness is partly 
affected by both the conduc- 
tivity and the uniformity of the 
conductive coating. 

~ Near-field dual-chamber test 
results tend to produce lower 
values for each type of coating. 
In part, this is the result of the 
role played by magnetic H-field 
radiation under these condi- 
tions. 

~ The shielding performance of 
plated coatings is consistently 
higher than that of conductive 
paints. The differential in- 
creases at higher frequencies. 
The differential is also much 
greater under far-field test con- 
ditions. Copper paints are no- 
ticeably better than nickel 
paints, especially at higher fre- 
quencies. The performance of 
silvered copper paint (based 
on general information pub- 
lished separately) is somewhat 
greater than of standard cop- 
per paint, but poorer than of 

Continued on page 278 
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plated coatings. Vacuum metalliz- 
ing offers good shielding perfor- 
mance at relatively low thick- 
nesses. 

Double-Sided 
2. 4 Itm Cu Per Side 

84 (jB 

-';, ::;-'. ", . !30: MHi 'f00'IINHi: 

75 dB 

300: INHi 

&94 dB &74 dB 

COAXIAL TRANSMISSION LINE 

TESTING 
Comparative testing has also been 
performed according to the newer 
ASTM D-4935-83 test method. This 
method is designed to measure the 
SE of a planar material due to plane- 
wave and far-field EMI wave radia- 
tion. 

Table 10 shows the improvement 
in as-coated samples when a sil- 
vered copper paint is used versus 
standard copper paint. It also shows 
relatively similar shielding perfor- 
mance between silvered copper paint 
and selective plating within tradi- 
tional application thickness ranges. 
The traditional advantage of double- 
sided plating is shown. 

LONG-TERM PERFORMANCE 
Product reliability and quality de- 
mands in today's electronic market- 
place have placed increasing pres- 
sure on the material selection pro- 
cess. In the case of shielding materi- 
als, a major concern exists with the 
ability of alternative coatings to 
maintain their adhesion, conductiv- 
ity and resulting SE over extended 
periods of time. Furthermore, the 
rapid growth in portable electronic 
devices, such as laptop computers 
and hand-held portable products like 
cellular phones, pagers, sub-note- 
book products, etc. has increased 
the likelihood that a given product 
will be exposed to potentially aggres- 
sive environments. 

Several test methods have been 
utilized to address this concern. 
These include the UL-746C acceler- 
ated temperature and humidity test, 
the 4/4/16 temperature humidity 
cycling test developed by IBM, the 
ASTM B-117 neutral salt spray test, 
environmental cycling tests that in- 
volve the introduction of bleed-in 
industrial gases to simulate differ- 
ent levels of aggressive industrial 
corrosive environments, and other 
types of accelerated tests that ad- 
dress very high and low temperature 

Selective Plating 
5. 2 Itm Cu One Side 
Nickel Paint 80 pm 
(Dry) 

Copper Paint 80 p. m 

(Dry) 

Dynamic Range 

65 dB 

61 dB 

62 dB 

90 cIB 

53 dB 

49 dB 

51 dB 

81 cIB 

55 cIB 

53 dB 

55 dB 

94 dB 

64 dB 

33 dB 

57 dB 

74 dB 

Double-Sided 
2. 4 N, m Cu Per Side 

Selective Plating 
5. 2 pm Cu One Side 
Nickel Paint 80 pm 
(Dry) 

Vacuum Metallizing 

(6 p. m) 

Copper Paint 80 Irm 

(Dry) 

Dynamic Range 

::. ;. 3'0'::MHi'-': '1'00': MHi 

&99 dB 88 dB 

83 cIB 83 cIB 

43 dB 43 dB 

70 dB 68 dB 

57 cIB 56 cIB 

99 dB 94 cIB 

:3'00. :":MH'i $000:MH'i' 

&92 dB &91 (jB 

80 dB 91 cIB 

39 dB 40 dB 

60 cIB 68 cIB 

50 dB 53 cIB 

92 dB 91 dB 

Table 9. Shielding Effectiveness According to the Transmission Line 
Test. 

30, 300, , ':::600" ':$, 000 $, 200 

Silvered Cu Paint 
37 Irm 
50 p. m 
75 pm 

Copper Paint 
50 pm 
75 pm 

Selective Plating 
(Cu Thick. on One Side) 
2. 0 p. m 
4. 0 pm 
8. 0 Itm 

78 
82 
79 

65 
67 

77 
82 
91 

73 
78 
82 

63 
65 

73 
81 
89 

72 
75 
86 

59 
63 

71 
83 
90 

76 
81 
89 

62 
64 

73 
83 
92 

77 
85 
91 

61 
65 

72 
81 
93 

Double-sided 
(Cu Thick. on Two Sides) 
1. 6 p, m 
3. 2 Irm 
4. 0 Itm 

90 
98 
96 

108 
107 
109 

104 
108 
109 

104 
106 
104 

98 
97 
98 

Table 1 O. Attenuation (dB) According to ASTM D-4935-83 Coaxial 
Transmission Line Test. 

Table 8. Shielding Effectiveness According to the Dual Chamber Test 
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cycling. Testing such as 
the 4/4/16 method is de- 
signed to simulate prod- 
uct life performance. Ther- 
mal cycle and thermal 
shock testing is designed 
to assess coating adhe- 
sion. 

Testing of various con- 
ductive coatings including 
electroless plating (both 
selective and double- 
sided), conductive paints 
and vacuum metallizing 
has been performed in a 
variety of these acceler- 
ated test methods. Since 
EMI shielding perfor- 
mance, which deteriorates 

Doubled-Sided (80 pin copper) 
Plating No Exposure 

8 Day 4/4/16 Cycles 
20 Day 4/14/16 Cycles 

Plating (100 lrin copper) 

Silver 
Paint (2 mils) 

37 lrm 

2. 0 
50 Itm 

Copper 
Paint 

(2 mils) 

1. 0 
5 pm 

4. 8 ttm Cu-sel. Silvered Copper 
Paint (2 mils) 8. 0 um Cu-Sei. 

0. 2 
Vacuum Metallized 
Aluminum (200 lrin alum. ) 

24 48 72 96 
Hours, NSS 

Double-Sided Plating 2. 4 ttm, 4. 0 ttm 
Nickel Paint (2 mils) 

Selective Plating 4. 8 ttm, 8. 0 ttm 

BI ~ C pp P i I 1. 5, 2. 0, 3. D 

87, 50, 75 ttm 

0. 25 0. 5 0. 75 1. 0 )2. 0 

Figure 6. Point-to-Point Conductivity, Q, 
According to Salt Spray Test. 

dilc- 
sily 

thod 
when properly applied on resins 
that are suitable for the process 
selected. Not all resins are suit- 
able for a given process. In this 
regard, discussions with the sup- 
plier or applicator of the process 
help to determine which resin 
grades can be expected to pro- 
duce the best result. 

The adhesion of double-sided 
plating to a given plastic is pri- 
marily determined at the begin- 
ning of the pre-etch and etch 
stages of the process. Certain 
grades of plastic within a par- 
ticular family of resins are often 
designated as plating-grade ma- 
terials. The bonding mechanism 
is principally mechanical and 
depends on the micro-etch po- 
rosity imparted to the plastic. 
Once the process is established 
for a given plastic, repeatability 
is excellent. Some of the more 
chemically-resistant engineering 
plastics may require special con- 
siderations to obtain reliable ad- 
hesion. 

Conductive paints and the 
catalytic base coats used to fa- 
cilitate selective plating employ 
a similar adhesion mechanism. 

In general, this is a mechanical 
bond achieved in part by the 
binder system but primarily 
through a controlled attack on 
the plastic by the organic sol- 
vent components of the formula- 
tion. Since there are both 
waterborne and solvent-borne 
processes associated with con- 
ductive paints and the base coats 
used for selective plating, there 
are also some fundamental dif- 
ferences from product to prod- 
uct that define the process win- 
dow for obtaining adhesion to a 
given plastic. For many of the 
more commonly used resins, ad- 
hesion is good and very consis- 
tent. When more chemically-re- 
sistant engineering resins are 
used, adjustments to the sol- 
vents used in the coating to at- 
tack the plastic may be required 
to effect good adhesion. 

Stresses imparted to the plas- 
tic during the molding process 
can also affect coating adhesion 
for all conductive coating pro- 
cesses, especially in areas where 
these stresses are concentrated. 
The solution to these adhesion 
failures is not normally found in 
the coating process, but in cor- 
rective action in the molding of 
the part. This includes attention 

Continued on page 287 

ELECTRICAL 
PERFORMANCE AFTER 
ENVIRONMENTAL 
CYCLING 
Figures 5 and 6 provide a sum- 
mary of the expected changes in 
electrical performance based on 
exposure to selected accelerated 
environmental test conditions. 
Test data is shown for copper 
paint, electroless plating and 
vacuum metallizing. Nickel paint 
is not included due to its signifi- 
cantly poorer performance in 
these tests. 

ADHESION 
The adhesion of conductive coat- 
ings on plastics for EMI shield- 
ing is normally guided by the 
UL-746C adhesion test method. 
This method uses the ASTM D- 
3359-83 crosshatch tape adhe- 
sion test method as the means of 
rating the adhesion of the coat- 
ing over a range of 1 to 5. Typi- 
cally, a rating of 3 or greater is 
necessary to be considered sat- 
isfactory. 

with oxidation, is directly 
tied to the electrical con- Figure 5. Point to-Point Conductivity Q, 

f ~ According to Temperature Humidity Test 
Results. cess, environmental. test 

data offers a good comparison of Each of the principal con 
current technologies after accel- tive coating technologies ea 
crated testing. passes the UL-746C test me 
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to melt flow, fill speeds and pres- 
sures, and part design. 

COST COMPARISONS 
The relative costs associated with 
alternative conductive coatings 
need to be examined from a pro- 
cess perspective (Figure 7). Cost 
differences are normally based 
on application-specific issues. 
One technology can be a little 
less expensive for a given part 
and more expensive for another. 
In this regard, it is important to 
identify the elements of process 
cost that can come into play in 
determining the total cost. 

In general, the basic costs as- 
sociated with conductive paints 
(except silver) and selective elec- 
troless plating are similar. The 
differences that might exist are 
most often related to the issues 
described below. Double-sided 
plating is the least expensive 
technology, but will normally 
require exterior painting on any 
enclosure parts that are not in- 
ternal to the product. Selective 
plating and conductive paints 
can avoid this step, but in a 
number of cases an exterior 
color-coat of paint or a "soft 
touch" paint is applied to meet 
final customer requirements. 
Material costs for silver conduc- 
tive paint are high, making it 
more of a specialty coating pro- 
cess. The cost competitiveness 
of vacuum metallizing in com- 
parison to conductive paints or 
selective electroless plating var- 
ies with both part size and the 
level of complexity in the part 
design. 

Factors such as material losses 
in manufacture, masking, pro- 
cess control, waste disposal, 
throughput and post-painting/ 
finishing steps are also impor- 
tant considerations. 

SUMMARY 
Conductive coatings technology 
has continued to evolve along 
with the changes in product de- 
sign and the complexity of today' s 
electronics. Any assessment of 
the current capabilities of con- 

ITEM 1995 

Simpler 
Part Design 

More Complex 
Part Design 

** C is an arbitrary unit of cost 

Figure 7. Relative Costs of Conducti 

ductive coatings must include 
not only the basic performance 
differences that exist between 
each coating type, but also the 
capability of the process to deal 
with key variables in product 
design. In addition, cost is al- 
ways an important consideration 
in the selection process. 
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1C** 2C 
Relative Cost Range for Selected Conductive Coatings* 

8 Doubled-Sided G Single-Sided I2 Copper R Vacuum Silver 

Plating Plating Paint Metallizing Paint 
* At standard thickness 




