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INTRO D U CTI ON 
EMI gaskets are used extensively 
in the design of electrical and 
electronic equipment. The proper 
selection and use of gaskets can 
increase the likelihood that ra- 
diated emission and suscepti- 
bility requirements can be met. 
The use of the proper gasket can 
also reduce the cost of agency 
compliance with these require- 
ments. However, there are sig- 
nificant hidden costs associated 
with the use of EMI gaskets that 
must be understood to properly 
appreciate the advantages of 
using them. These costs are 
based on: the shelf life of. some 
gaskets on the market; the use- 
ful life of gasketed joints; the 
methods of holding the gaskets 
in place; and the methods used 
to control the forces required to 
appreciate the shielding quality 
offered by the gasket. 

SHELF LIFE 
CONSIDERATIONS 
Many of the gaskets on the mar- 
ket have a shelf life which 
requires special packaging con- 
siderations and/or storage envi- 
ronments tomaintainthe conduc- 
tivity of the gasket. An act as 
innocent as opening the package 
of a gasket that contains silver'by 
incoming quality control in order 
to confirm the dimensions of the 
product, and then inserting a pa- 
per (QC) tag, canhave a detrimen- 
tal effect on the shelf life of the 
gasket. The sulfide in the paper 
canjoin with the silver to produce 
a silver sulfide coating on the 
silver particles. This can signifi- 
cantly increase the contact resis- 
tance of the particles and reduce 
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the shielding quality of the gas- 
ket to unacceptable levels. 

Table I illustrates transporta- 
tion/storage environments to 
which military components can 
be subjected. These environ- 
ments have been known to re- 
duce the conductivity of some 
gaskets on the market. It is 
strongly recommended that gas- 
kets be tested to the applicable 
environments illustrated in Table 
I prior to selection of a gasket for 
a specific application. If the gas- 
ket of choice cannot adequately 
survive the environments, then 
the gasket must be protected 
during transportation and stor- 
age. Alternatively, a gasket that 
can survive those environments 
can be selected. 

USEFUL LIFE 
CONSIDERATIONS 
The impedances of all EMI 
gasketed joints increase with 
time. This means that the shield- 
ing quality of the joint will de- 
crease with time. The increase 
in the impedance is due to: a 
change in the contact resistance 
(surface resistance) of the joint 
surfaces; a change in the con- 
tact resistance of the gasket; and/ 
or a change in the conductivity 
of the gasket material. These 
changes can be due to a buildup 
of oxides on the surface of the 

joints, a buildup of oxides on the 
surface of the gaskets and/or a 
buildup of oxides (or silver sul- 
fide) on particles that make up 
the gaskets on the market. Table 
2 illustrates mission/sortie en- 
vironments to which military 
components and systems can be 
subjected. It is strongly recom- 
mended that gasket joints be 
tested to the applicable environ- 
ments illustrated in Table 2 prior 
to selection of the gasket orjoint 
surface of choice. A loss of the 
shielding quality of a joint can 
significantly increase the cost of 
using the gasket. If the loss of 
conductivity forces a redesign 
and subsequent field retrofit, 
such costs can be catastrophic. 
Since all gasketed joints lose 
conductivity with time, one 
should be very conservative in 
selecting the gasket and joint 
surfaces to be used. 

COST-EFFECTIVE 
APPLICATION OF EMI 
GASKETS 
EMI gaskets are used to provide 
a conductive path across the 
joints of electrical/electronic 
equipment chassis. These gas- 
kets are either groove or flange 
mounted. Each of these meth- 
ods of mounting the gaskets have 
costs associated with their use. 
The proper understanding of 
these costs can significantly in- 
crease the cost-effectiveness of 
using a gasket for a specific ap- 
plication. 

GROOVE MOUNTED GASKETS 
There are several recommended 
methods of designing and manu- 
facturing grooves to secure and/ 
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High Temperature (Dry/Humid) 

Low Temperature 
(Rain/Hail/Freezing) 

Thermal Shock 

Solar Radiation 

Fungus Growth 

Rain 

Humidity 

Salt Fog 

Method 501. 2 

Method 502. 2 

Method 503. 2 

Method 505. 2 

Method 508. 3 

Method 506. 2 

Method 507. 2 

Method 509. 2 

TABLE 1. Transportation/Storage Environments. 

ENVIRONMENTAL STRESS::. :::::::: TEST METHOD/PROCEDURE 
CONDITION::. :': ':. : . (MIL-STD-:810D) 

High Temperature 

Salt Fog 

Explosive Atmosphere 

Rain 

Emersion 

EMP/Lightning 

Method 501. 2 

Method 509. 2 

Method 511. 2 

Method 506. 2 

Method 512. 2 

MIL-STD-461 Req CS12 

TAHLE 2. Mission/Sortie Environments. 

FIGURE 1. Gasket in 0-Ring Groove. 

FIGURE 2. Gasket Held in 0-Ring Groove with Adhesive. 

ENVIRONMENTAL STRESS::::::::::::::: TEST: METHOD/PROCEDURE 
CONDITION. . . . . . :: . ::::::::. . . . (IMIL-STD-810D) 

or protect the selected EMI gas- 
kets. Gaskets can be: groove 
mounted where the width of the 
groove is wider than the diam- 
eter (or width) of the gasket; 

. groove mounted where the width 
of the groove is the same or 
slightly narrower than the diam- 
eter (or width) of the gasket; and 
mounted in a dovetailed groove. 

The use of a groove which is 
wider than the diameter of the 
gasket is the most cost-effective 
means of securing and/or pro- 
tecting the gasket. These grooves 
can be die cast (or molded) into 
an equipment case or chassis or 
cut in with an end mill. The 
recommended groove is illus- 
trated in Figure 1. When com- 
pressed, the gasket does not 
touch the sides of the groove. 
The fastener or screw spacing 
can be calculated relatively 
closely by preventing constric- 
tion of the gasket by the sides of 
the groove. A reduction in the 
number of fasteners offsets the 
cost of the gasket and groove. If 
the gasket needs to be held in 
place, one can use a nonconduc- 
tive adhesive (RTV or epoxy) to 
secure the gasket (Figure 2). 
Conductive adhesives are not 
recommended because they pro- 
vide a level of conductivity that 
will deteriorate with time. Pinch 
bosses can also be used (Figure 
3). The use of adhesive or pinch 
bosses to hold a gasket in a 
groove will degrade the shield- 
ing quality of a gasketed joint. 
This degradation is a function of 
the conductivity of the gasket as 
well as the surface conductivity 
of the joint material. Figure 4 
illustrates the shielding quality 
of a tin-plated (military grade) 
gasket when tested against gold- 
plated and bare aluminum joint 
surfaces with and without pinch 
bosses. Figure 5 illustrates the 
shielding. quality of a stainless 
steel (commercial grade) gasket 
when tested against gold-plated 
and bare aluminum joint sur- 
faces with and without pinch 
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bosses. Table 3 illustrates the 
difference in the shielding qual- 
ity of the gasketed joints at 1 
GHz as a function of the gasket 
and joint surface with and with- 
out pinch bosses (or adhesive) to 
hold the gasket in place. As 
illustrated, there is a significant 
loss in shielding quality by us- 
ing pinch bosses or adhesive to 
hold the gasket in . place when 
the gasket and joint surface are 
very highly conductive. How- 
ever, the loss is negligible when 
the stainless steel gasket and 
bare aluminum joint surfaces 
are used. 

SECTION A-A 

The dovetailed groove illustrated 
in Figure 6 provides a groove 
which holds the gasket in place 
while allowing the gasket to ex- 
pand laterally without being con- 
strained by the sides of the 
groove. This groove will allow 
fairly wide screw spacing. This 
offsets the cost of the gasket and 
groove, because easy replace- 
ment of the gasket is also facili- 
tated. 

SECTION B-B SECTION C-C 

FIGURE S. Pinch Boss Groove DetatL 

100 
ro 

140 

G 
2', 
O 

Z 
180 

1 G 100 M 1 M 00 K 

ElGVRE 4. Shielding Quality of Ttn-plated Shield Casket MateriaL 

1 10 M 

FREQUENCY (Hz) 

1. GASKET AGAINST GOLD. 
2. GASKET AGAINST GOLD, HELD IN PLACE WITH PINCH 

BOSSES. 
3. GASKET AGAINST ALUMINUM. 
4. GASKET AGAINST ALUMINUM, HELD IN PLACE WITH 

PINCH BOSSES. 
NOTE: There is a nonconductive area along the gasket of 0. 3" every 2. 5". 

Agroove which is the same width 
as the diameter of the gasket is 
the least cost-effective means of 
securing/protecting the gasket 
(Figure 7). This groove is the 
most commonly used, since it is 
inexpensive to manufacture, fa- 
cilitates maintenance and is rec- 
ommended by numerous gasket 
manufacturers. Because the 
sides of the groove constrain the 
lateral movement of the gasket 
as it is compressed, the force 
required to compress the gasket 
is very high and cannot be pre- 
dicted within close tolerances. 
As such, the fastener spacing 
must be very close (i. e. , many of 
the EMI gasket manufacturers 
recommend 3/4-inch fastener 
spacing for sheet metal joint 
flanges) where fastener spacing 
of 12 to 16 inches canbe achieved 
using the groove configuration 
of Figures 1, 2 or 6 along with a 
properly chosen gasket and cover 
thickness. 
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JOINT GASKET' SURFACES 

HOLDING METHOD 

PINCH 
BOSSES 

A. (11}' 

Gold 
Aluminum 

Gold 
Aluminum 

159 clB 
136 dB 

123 dB 
116 dB 

119 cIB 
116 dB 

115 dB 
110 cIB 

40 
20 

8 
6 

* 
1) Tin-plated gasket. 
2) Stainless steel gasket. 

Difference in shielding quality at 1 GHz due 
to hold gasket in place. 

TABLE S. Shfeldfng gualftg at 1 GHz. 

to using pinch bosses (or adhesive) 
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FIGURE 5. Shielding Quality of Statnless Steel Shfeld Gasket MaterfaL 

FIGURE 6. Gasket fn Dovetafled Groove. 

FIGURE 7. Gasket fn Narrow 0-Ring Groove. 

ITEM 1992 

10 M 

FREQUENCY (Hz) 

1. GASKET AGAINST GOLD. 
2. GASKET AGAINST GOLD, HELD IN PLACE WITH PINCH 

BOSSES. 
3. GASKET AGAINST ALUMINUM. 
4. GASKET AGAINST ALUMINUM, HELD IN PLACE WITH 

PINCH BOSSES. 

FLANGE MOUNTED GASKETS 

The flange mounted gaskets are 
thin and wide. Rubber is often 
used to hold the EMI conductive 
gasket material in place. The 
rubber can also be used to pro- 
vide a positive environmental 
seal. Figures 8 and 9 illustrate 
gaskets designed to be used for 
flange mounted applications. 
When using the flange mounted 
gaskets, the force to compress 
the rubber is of critical concern. 
As an example, the maximum 
fastener spacing which is re- 
quired to provide an EMI seal 
where the cover just touches the 
rubber of Figure 8 (using an EMI 
gasket diameter of 0. 125, a cover 
thickness of 0. 125 inches and a 
resiliency of 2 pounds per linear 
inch) is 11. 5 inches. If the rub- 
ber rates 60 on a durometer and 
is compressed 5 percent, the 
maximum fastener spacing will 

be 4. 5 inches. A compression of 
10 percent reduces the maxi- 
mum fastener spacing to 3. 5 
inches. This means that the 
force of the cover on the gasket 
must be carefully maintained. If 
it is not, then many more fasten- 
ers must be used or a significant 
level of shielding will be' lost. 
Figure 10 illustrates an optimal 
gasketed joint, where the gasket 
makes positive contact with the 
cover and chassis along the en- 
tire joint. Figure 11 illustrates a 
case where the fastener spacing 
is too large. The result will be the 
loss of a signiQcant level of shield- 
ing. If the gap is a quarter wave- 
length long, i then the shielding 
quality of the gasketed joint can 
approach zero. 

Positive stops can be used to 
prevent the excessive bowing due 
to the rubber compression illus- 
trated in Figure 11. This type of 
stop is illustrated in Figures 12 
and 13. A concern when using 
stops is that the stop should be 
higher than the rubber thick- 
ness. The excessive bowing is 
caused by the force of the rubber 
on the cover. If the stop is lower 
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FIOURE 8. Range Mounted Gasket. 

using stops or more fasteners is 
cost, since it may cost more to 
provide the stops than it costs 
for extra fasteners. Another con- 
sideration is the confidence level 
associated with providing the 
proper torque on the fastener. If 
during maintenance procedures 
the fasteners are tightened when 
the elastomer is compressed 15 
percent, and the joint is designed 
for a maximum elastomer com- 
pression of 5 percent, the in- 
creased bowing of the cover due 
to the over compression can re- 
sult in a significant loss of the 
shielding quality of the joint. 

0 0 

FIOURE 12. Step Acts as Compression 
Stop. 

0 0 

FIGURE 9. Alternatiue Range Mounted 
Application. 

than the height of the rubber, 
then the force of the rubber on 
the cover can cause excessive 
bowing. The trade-oQ' between 

CONC L US ION 
EMI gaskets are used by the 
electrical/electronic engmeering 
community to assist in comply- 
ing with required EMI radiated 
emissions and susceptibility re- 
quirements. Gaskets are used 
to ensure that the radiated emis- 
sions and/or susceptibility re- 
quirements of a system will be 
met. They can also be used to 

FIOURE 18. Washer Acts as Compres- 
sion Stop. 

significantly reduce the cost of 
complying with agency require- 
ments. However, to obtain the 
benefits of using EMI gaskets, a 
design engineer must under- 
stand the hidden costs. These 
are costs associated with the 
shelf life of many of the gaskets 
on the market, their useful life, a 
loss of shielding quality of 
gasketed joints, and designs 
which canjeopardize compliance 
with the radiated emissions and/ 
or susceptibility requirement 
limits. 

CHASSIS GASKET 

FIGURE 10. Optimal Gasketed Joint. 

CHASSIS 
GAP 

GASKET 

FIGURE 11. Gasketed Jotnt with Improper Contact. 

COVER PLATE 

COVER PLATE 
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