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INTRODUCTION
EMI shielding requirements for
electronic systems are becom-

ing -increasingly stringent in

military and commercial aero-
space systems. This has led to
increased use of conductive gas-
kets, sealants, and coatings.
Such materials are used to pro-
vide a low impedance interface
bétween mating joints in elec-

tronic enclosures and to enhance .

the shielding effectiveness of air-
- craft structures. The conduc-
tive materials usually incorpo-
rate silver, silver-plated metals,
copper, nickel, Monel, or other
metals. The electronic enclo-
sures and structural compo-
nents are typically made from
aluminum alloys. When exposed
tocorrosive environments, a gal-
vanic couple will occur between
the gasket and the aluminum.
This can result in corrosion of
the aluminum because it is less
noble than the conductive inter-
face material. Depending on the
type of gasket material, it too
may deteriorate in.a corrosive
environment. Shielding effec-
tiveness can degrade as a result
of conductivity loss due to the
buildup of nonconductive cor-
rosive material between the seal
and the aluminum flange.

This deterioration was evident
in the electronic enclosure of a
mobile missile launcher system.
The enclosure was found to have
a buildup of corrosion products
and pitted aluminum after expo-
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sure to a marine environment.
The manufacturer of this system

- wanted to replace the shielding

gasket and conductive coating
withmaterials that would be less
corrosive when used inconjunc-
tion with the aluminum enclo-
sure, but that would still provide
therequired 60 dB level of shield-

‘ing effectiveness up to 10 GHz

after long-term exposure to the
marine environment. This re-
quired a test to evaluate the
shielding effectiveness before
and after environmental expo-
sure and corrosion.

Three tests were considered for
predicting the ability of the sys-
tem to shield before and after
environmental exposure: dc elec-
trical resistance, transfer imped-
ance, and radiated shielding ef-
fectiveness measurements.

The dc resistance test method
measures the surface resistance
of conductive gaskets, conduc-
tive flange coatings, and some-
times of the complete gasketing
systems. This method requires
aminimum amount of test equip-
ment and isvery easy to perform.

*See Advertisement on Page 9.

Using only a digital voltmeter
(DVM), one can easily obtain re-
peatable measurements. How-
ever, dc resistance measure-
ments cannot predict EMI leak-
age at radio and microwave fre-
quencies.

The transfer impedance method
measures electrical impedance
as afunction of frequency across
a joint or flange. This method
requires a specialized test fix-
ture and test equipment and is
only feasible up to 1 GHz. To
perform a system test, a custom
test fixture must be built. Per-
forming the test correctly can be
complicated, but produces re-
peatable data. However, this
test may be misleading when
trying to relate results to an ac-
tual shielding effectiveness
value. This method, although
commonly cited, only gives a
small part of the total shielding
picture of a gasketing system.

The radiated shielding method
measures the attenuation of a
radiated electric field and plane
waves across a gasket/flange
system. This method is compli-
cated and requires an array of
test equipment and a shielded
enclosure. The data can be mis-
interpreted if thetest is not per-
formed correctly. However, this
method is excellent for testing a
gasket/flange system for elec-
tric field and plane wave attenu-
ation. When the test is per-
formed carefully, the test can be
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CORROSION AND EMI EVALUATION OF GASKETED SYSTEMS . . . Continued

considered a useful engineering
tool.

This radiated electric field at-
tenuation test was used in this
study because of its overall abil-
ity to test a gasket system and
provide reliable engineering data.

Two marine environments were
considered for corrosion testing
of the systems. The environ-
ment at an unpolluted seacoast
location or on a naval vessel
burning clean fuel (e.g., nuclear)
can be simulated by running a
neutral salt fog test using the
procedure found in ASTM Stan-
dard B117 or MIL-STD-810,
Method 509.2. However, some
time ago the U.S. Navy recog-
nized that this test was not se-
vere enough to simulate the en-
vironment on an aircraft carrier
that burns sulfur-containing
fuel. The Navy subsequently
.developed an acidic salt fog test
to better simulate this corrosive
environment; this test has be-
come standardized as ASTM
Standard G85, Annex A4. The
effect of burning sulfur-contain-

ing fuel 1s simulated by periodi-
cally introducing sulfur dioxide
gas into the salt fog. This test
has shown good correlation with
test panels exposed on an air-
craft carrier. It can also be used
to simulate the environment ata
polluted seacoast location. The
manufacturer of the missile
launcher felt that the sulfur di-
oxide salt fog test would provide
the most extreme and most real-
istic environmental exposure.

This article reports on shielding
effectiveness measurements of
conductive gasket-conductive
flange coating systems before
and after exposure to sulfur di-
oxide salt fog. Based on the
factors discussed above, a radi-
ated method of determining
shielding effectiveness was used.
The shielding effectiveness mea-
surements were supplemented
by dc electrical resistance mea-
surements on the coated flanges
and gaskets. The gaskets, coat-
ings, and aluminum flange ma-

erials were also examined for
evidence of corrosion and physi-
cal deterioration after exposure.
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' FIGURE 1. Shielding Effectiveness Measurement Layout.
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EXPERIMENTAL METHODS
TEST METHODS

Radiated Electric Field Shielding
Tests

Attenuation tests for radiated
electric fields and plane waves
were performed in accordance
with Paragraphs 4.1.2and 4.1.3
of MIL-STD-285. The only ex-
ceptions to the MIL-STD-285
method were that the receiving
equipment was placed outside
the shielded enclosure and an
extended set of frequencies were
selected for the test.

This shielding effectiveness test
configuration is shown in Figure
1. The test set, representing a
simulation of the actual elec-
tronic enclosure, was bolted over
an opening in the wall of a
shielded enclosure. The trans-
mitting antennas and RF ampli-
flers were placed inside the
shielded enclosure. The receiv-
ing antennas, signal generators,
and spectrum analyzers were
placed outside the shielded en-
closure. In accordance with MIL-
STD-285, the transmitting and
recelving antennas were placed
two feet apart plus the width of
the test panel. To achieve isola~
tion between the transmitting
and receiving test equipment,
the spectrum analyzers and sig-
nal generators were placed 15
feet away from each other.

An open reference was taken in
free space outside the shielded
enclosure. A closed reference
was taken with the test set in
place. Shielding effectiveness
was calculated by subtracting
the power level measured dur-
ing the open reference from the
power level recorded with the
test setin place. Shielding effec-
tiveness measurements were
taken on the test sets before and
after sulfur dioxide salt fog expo-
sure. -
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FIGURE 2. Adapter Test Plate.

Test System Configuration
This study was performed to

evaluate the EMI integrity of an -

existing mobile missile launcher’s
electronic enclosure before and
after exposure to 192 hours of
SO, salt fog. Therefore, test
plates were fabricated with bolt
spacing, compression stops and
gasket configuration designed to
represent the existing electronic
enclosure and to fit inside the
salt fogchamber. The test plates
and compression stops were fab-
ricated from an aluminum alloy,
and all surfaces were chromate
conversion coated to MIL-C-

5541, Class 3. The gaskets used
were a “P” cross-section conduc-
tive elastomer with a bulb diam-
eter of 0.200 inch.

The adapter plate, Figure 2, com-
prises one half of the test plate
set. Its outer bolt pattern
matches the inner bolt pattern
on the wall of the shielding en-
closure. Its inner bolt pattern
accepts the bolts from a cover
plate. The adapter test plate is
0.125 inch thick. The aperture
opening in the adapter plate is
8.5 inch?,

ADAPTER PLATE

J

GASKET

il

a

- GASKET
COMPRESSION
. STOP

FIGURE 4. Assembled System.
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FIGURE 3. Cover Test Plate.

The cover plate, Figure 3, is the
other half of the test plate set. Its
bolt pattern matches the inner
bolt pattern on the adapter plate.
The cover plate is 0.250-inch

thick. ‘ '

A conductive coating was ap-
plied to the gasket and compres-
sion stop mating area on the
adapter test plate and cover test
plate. The area coated is illus-
trated in Figures 2 and 3. The
conductive coating was a two-
part urethane containing a sta-
bilized copper filler, copper cor-
rosion inhibitors, an aluminum
corrosion inhibitor, and an inor-
ganic pigment. The function of
these components in the makeup
of a corrosion resistant conduc-
tive coating has been discussed
in a previous paper.!

The compression stops were
0.122-inch thick strips of alumi-
num. This thickness was se-
lected so that the nominal de-
flection of the gasket would be
39 percent. The system was
assembled as shown (schemati-
cally) in Figure 4,

The two systems tested were a

silver-plated copper-filled sili-
cone gasket (Ag-Cu gasket)

95



3M Reveals
‘New Long Term
EMI/RFI
Shielding Tape

Tin-alloy coating on both
sides of copper foil offers
superior solderability,
environmental stability.

AUSTIN, Tex. — This new UL Recognized
Scotch™ Foil Shielding Tape 1183 employs

a tin-alloy coating on'smooth copper foil to -

produce a durable and effective electro-

magnetic shield. o
Thetapeisatin-

alloy coated ver-
sion of the widely
used 3M 1181 Tape
and provides shield-
ing when wrapped
around flat and
round cable, and
See cross cable connectors.
section The unique elec-
trically-conductive
adhesive enables
1183 tape to make
electrical connec-
tions across seams
and between mat-
ing sections, of
electronic enclo-
sures ranging from small equipment
housings to large shielded rooms. The tape
can also shield the energy radiating from
‘seams between the sectors of dish
antennas.
The special tin-alloy coating on both
sides of the foil provides two significant
-benefits.

1. Thorough environmental stability and
corrosion resistance. .

2. Exceptional solderability for applica-
tions such as sealing the seams when
the tape is used as a shield around
cable connectors.

3M 1183 Tape also serves as a corrosion

resistant contact surface for conductive
gasketing, beryllium copper “spring
fingers” or other resilient conducting media
used around doors and openings of
electronic cabinetry.

For more information about all 3M Foil

" Tapes, contact a 3M Electrical Specialties
Division representative or authorized
distributor or call 1-800-233-3636.

. 3M Electrical Specialties Divisioﬁ .
Austin, TX 78769-2963

Circle Number 15 on Inquiry Card

Tin-alloy
coating

The tin-alloy coating is
on both sides of the
copper for thorough
protection.
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FIGURE 5. Shlelﬂlng Effectiveness Versus Frequency.

against the stabilized copper
coated flanges (System 1) and a
silver-plated aluminum-filled
silicone gasket (Ag-Al gasket)
against the stabilized copper
coated flanges (System 2).

Salt Fog Tests

The test sets described above
were exposed to 192 hours (8
days) of sulfur dioxide salt fog.
The salt fog conditions were as
described in ASTM Standard
G85, Annex A4. The cycle de-
fined in Paragraph A4.4.4.1 of
this standard was used: con-
stant 5-percent salt fog with in-
troduction of sulfur dioxide for 1
hour, 4 times a day (every 6
hours). '

CORROSION EVALUATION

After the final shielding tests,
the test sets were disassembled.
The coatings were examined for

"any evidence of discoloration,

blistering, or loss of adhesion.
Particular attention was paid to
the coating deterioration in the
areas under the gasket footprint
and under the compression

stops. This would indicate in-
compatibility of the coating with
the gasket or aluminum. To
make an electrical check for any
coating deterioration, the dc re-
sistivity of the coated plates was
measured with the surface probe
described in MIL-G-83528A.

After visual examination of the
coated plates, the coating was
stripped off using an organic
solvent. The aluminum plates
were then examined for evidence
of pitting and corrosion at the
gasket-flange interface, under
the gasket footprint, and under
the compressionstops. The com-
pression stops themselves were
also examined for corrosion.

The gaskets were also examined
to determine how they withstood
the sulfur dioxide salt fog envi-
ronment. The percent recovery
of the gasket’s initial height and
the gasket’'s volume resistivity
were measured.
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FIGURE 6. Shielding Effectiveness Versus Frequency.

RESULTS AND DISCUSSION
SHIELDING EFFECTIVENESS

The shielding effectiveness with-
out any gasket and with the cover
and adaptor plate separated by
nonconductive compression
stops is shown in Figure 5.
Shielding effectiveness ranges
from 62 to 26 dB over the fre-
quency range of 1 to 10 GHz.
This test was performed to evalu-
ate the test setup for shielding
effectiveness without a gasket
system in place.

The shielding effectiveness of the
- Ag-Cu gasket against the stabi-
lized copper coating (System 1)
ranged from 121 dB to 99 dB
from 40 MHz to 10 GHz before
sulfur dioxide salt fog exposure
(Figure 5). The shielding effec-
tiveness of System 1 after sulfur
dioxide salt fog exposure ranged
from 123 to 97 dB. From the
overall trend of the data, the
shielding effectiveness of Sys-
tem 1 did not degrade after 192
hours of sulfur dioxide salt fog
exposure. Rather, System 1 dem-
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onstrated up to 71 dB improve-
ment in shielding effectiveness
exposure when compared to the
control test.

Figure 6 shows a similar plot for
the Ag-Al gasket against the sta-
bilized copper coating (System
2). Shielding effectiveness
ranged from 123 to 99 dB before
sulfur dioxide salt fog exposure.
After sulfur dioxide salt fog ex-
posure, shielding effectiveness
ranged from 122 to 95 dB. From
the overall trend of the data, the
shielding effectiveness of Sys-
tem 2 did not degrade with 192
hours of sulfur dioxide salt fog
exposure. After the exposure,
System 2 demonstrated up to 73
dB improvement in shielding ef-
fectiveness when compared to
the control test.

CORROSION EVALUATION

Figure 7a shows the cover plate
of the Ag-Cu gasket and stabi-
lized copper coating system (Sys-
tem 1) after 192 hours of sulfur
dioxide salt fog exposure. The

Continued on page 302

3M Announces
Double-Coated

Foil Shielding

Tape

Copper foil base with
electrically-conductive
adhesive on both sides for
reliable point-to-point
grounding.

AUSTIN, Tex. — This new UL Recognized
tape has a multitude of uses in electronic
design, test, and QC laboratories where
good grounding paths are required. Other
applications include shielding of PC
boards, microwave antennas and display
boards; grounding and static charge
draining. a

Scotch™ Brand
Electrical Tape
#1182 features a
dynamic range
over a frequency
from 1 MHz to 1
GHz. EMI/RFI

I Copper Foil
shielding effec- (adhesive
tiveness  was both sides)

measured in the
Near Field using
a modified Mil
Std 285 test
procedure.

In IC applica-
tions the copper foil also provides an excel-
lent heat conductive path to protect
sensitive areas from excessive thermal
exposure — Class 155° C continuous oper-
ating temperature.

Scotch Brand Foil
Shielding Tape #1182 is
supplied on a liner that
permits easy handling
and dispensing in either
random or definite
lengths without curling.

- It is supplied on a liner that permits

easy handling and die-cutting without
seriously wrinkling the foil backing. A
complete line of standard dispensers is
available to increase productivity and the
application of Scotch Brand Foil Shielding
Tapes. They are available with liner take-up
attachments and deliver either random or
definite lengths. Custom application equip-
ment can be designed for automatic or semi
automatic production.

Scotch Brand Foil Shielding Tape #1182
is one in a family of metal foil tapes.

For more information contact a 3M Elec-
trical Specialties Division representative or
authorized distributor or call 1-800-
233-3636.

3M Electrical Specialties Division
PO Box 2963
Austin, TX 78769-2963

Circle Number 15 on Inquiry Card
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FIGURE 7. Cover Plate of System 1 After 192 Hours of SO, Salt'Fog Exposure.

7a: Flange Coating Intact. 7b: Flange Coating Removed.

coating remained adherent un-
der the gasket footprint and un-
derthe compression stops. Some
lifting of the coating is noticeable
at the gasket-flange interface.
Resistivity readings on the coated
plate ranged from 0.09 to 0.2
ohm/square after exposure.
Typical readings before exposure
arefrom 0.05t0 0.1 ohm/square.
Thus, the coating remained
highly conductive.

Figure 7b shows the same cover
plate after the coating has been
stripped off. The uncoated area

at the gasket-flange interface is -

severely pitted in several spots.
In contrast, the areas under the

FIGURE 9, Cross-section of Gaskets.
Top: Original Cross-section; Bottom:
After 192 Hours of SO, Salt Fog
Exposure; Left: Ag/Cu Gasket;

Right: Ag/Al Gasket. -
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gasket footprint and under the
compression stops (which were
coated) show almost no pits ex-
cept for some slight penetration
under the lifted edge of the coat-
ing,

Figure 8 shows the condition of
the Ag-Cu gaskeét and the com-
pression stops after exposure.
The compression stops are cor-
roded. The gasket is darkened at
the outer edge and under parts
of the footprint. There is evi-
dence of copper corrosion on the
gasket. The outer edge appears
to be partially torn. Figure 9
shows how the original cross-
section of the gasket compares

FIGURE 8. System 1 Compression
Stops and Gasket After 192 Hours of
S0, Salt Fog Exposure.

to the cross-section after sulfur
dioxide salt fog exposure. The
cross-section of the Ag-Al gasket
is considerably less distorted
than the cross-section of the Ag-
Cu gasket. The Ag-Al gasket
recovered over 90 percent of its
original height after exposure.
The Ag-Al gasket also remained
highly conductive after exposure,
undergoing a resistivity increase
of about 2.3 times, The Ag-Cu
gasket recovered only 71 per-
cent of its original height. The
volume resistivity only increases
from 0.004 ohm-cm to 0.011
ohm-cm.

FIGURE 10. Cover Plate of System 2 After 192 Hours of SO, Salt Fog Exposure.
10a: Flange Coating Intact. 10b: Flange Coating Removed.
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FIGURE 11. System 2 Compression
Stops and Gasket After 192 Hours of
SO, Salt Fog Exposure.

Figure 10a shows the cover plate
of the Ag-Al gasket and stabi-
lized copper coating system (Sys-
tem 2). The coating remained
adherent except for some lifting
at the edge. Resistivity of the
coated plate was from 0.08 to
0.15ohm/square after exposure.
This was similar to System 1.

Figure 10b shows the same cover
plate after the coating has been
stripped off. The uncoated area
at the gasket-flange interface is
much less severely attacked than
was System 1. There is some
. minor corrosion (lower left cor-
-ner of figure) where the salt fog
penetrated under the edge of the
coating,.

Figure 11 shows the condition of
the gasket and compression
stops after exposure. The com-
pression stops were severely at-
tacked by sulfur dioxide salt fog.
The gasket shows darkening at
the outer edge.

CONCLUSIONS AND
RECOMMENDATIONS

It is apparent from the shielding
effectivenessmeasurements that
both systems were more than
able to retain the required 60 dB
of shielding effectiveness after
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192 hours of sulfur dioxide salt
fog exposure. This conclusion
was supported by dc resistivity
measurements, which showed
that both the gaskets and the
stabilized copper coating re-
mained highly conductive after
exposure.

The corrosion behavior and
physical condition of the gas-
kets were quite different for Sys-
tems 1 and 2. The Ag-Cu gasket
underwent'a severe compression
set while the Ag-Al gasket recov-
ered most of its original height.
The stabilized copper coatingwas
able to protect the flange against
corrosion by both gaskets; how-
ever, exposed aluminum sur-
faces were more severely cor-
roded by the Ag-Cu gasket.

The additional protection af-
forded by the stabilized copper
coating in the aggressive sulfur
dioxide salt fog environment is
most clearly illustrated by the
condition of the flange area pro-
tected by the conductive coating
compared to the uncoated com-

‘pression stops. The compres-
~ sion stops were severely corroded

while the coated flanges were
not. The slight undercutting of
the edge of the conductive coat-
ing by corrosion could be elimi-
nated by. edge sealing the con-
ductive coating with a noncon-
ductive paint.
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