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INTRODUCTION 
Electronic equipment is shielded 
to attenuate radiation from emit- 
ters, to attenuate radiation that 
may interfere with circuits that 
act as receptors of RF energy, 
and to control parasitic coupling 
capacitance which results in 
crosstalk. Shielding is the only 
suppression technique that does 
not result in limiting the high 
frequency operation of the equip- 
ment. Depending upon the ap- 
plication, shielding is provided 
by small metal cans mounted on 
PC boards, by equipment enclo- 
sures, or by large-scale building 
structures. 

Of the various factors that limit 
the overall shielding effective- 
ness of an electronic enclosure, 
it is the many discontinuities 
that have the greatest effect on 
shielding. These discontinuities 
exist at all temporary and semi- 
permanent seams, and because 
of the length/frequency relation- 
ship, the attenuation decreases 
as the opening widens. If seams 
could be eliminated by welding, 
brazing, or soldering, the enclo- 
sure shielding would be pro- 
tected. Even though fastening 
techniques such as welding pro- 
vide continuous contact and 
eliminate discontinuities, they 
do not permit the mating sur- 
faces to be easily separated. 

Since it is virtually impossible to 
maintain continuous contact 
between movable mating sur- 
faces through tooling or milling 
methods alone, RF gaskets were 
developed. These electrical com- 
ponents provide a continuous 
electrical bond across temporary 
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and semipermanent seams of an 
enclosure, permit separation of 
the mating surfaces, and con- 
form to surface irregularities. 
Spring finger gaskets were the 
first RF gaskets to be produced . 
They were introduced in 1944 
and are still of prime importance 
in the electronics market today. 
Although the earliest spring fin- 
ger gaskets were made from be- 
ryllium copper (BeCu), they have 
been made from various metals, 
and new configurations have 
been developed. In parallel de- 
velopments, other forms of RF 
gaskets have been created to 

' 

solve unique problems that could 
not be solved by spring fingers 
alone. 

RF GASKET 
CONFIGURATIONS 
There are a number of different 
forms of RF gaskets: spring fin- 
gers, coiled spring, knitted wire 
mesh, braided wire mesh, em- 
bedded woven wire screen, ori- 
ented wire, metal foil over elas- 
tomer, and elastomers filled with 
powdered metal. These gasket 
forms have additional variations 
which result from the use of 

alternative materials. Each of- 
fers advantages to the designer 
in specific applications so the 
designer must be knowledgeable 
about the gasket and the situa- 
tion in which it is used. From 
the many variations, the four 
major types of gasket configura- 
tions used in today's systems 
and enclosures are beryllium 
copper spring fingers, beryllium 
copper hollow tubular wire mesh, 
Monel/tin-copper-iron (SnCuFe) 
solid wire mesh, and silver-filled 
conductive elastomers. Several 
varieties of these gaskets are 
shown in Figure 1. 

Important factors to be consid- 
ered when choosing a gasket are 
conductivity, shielding effective- 
ness, corrosion control, compres- 
sion forces, compressibility, com- 
pression range, compression set, 
and environmental sealing. 

CONDUCTIVITY AND 
INDUCTANCE 
When used for dc or low fre- 
quency grounding/bonding, the 
conductivity is the most impor- 
tant parameter. At the higher RF 
frequencies, the gasket induc- 
tance becomes the most impor- 
tant parameter. Beryllium cop- 
per has the highest conductivity 
of any material that can be con- 
verted into a spring. Its conduc- 
tivity is 150-percent greater than 
the next best material. When 
configured into a conductor, the 
conductivity, which is important 
at lower frequencies, is propor- 
tional to the cross-sectional area. 
Solid fingers have greater cross- 
sectional area, hence higher con- 
ductivity. In addition, the finger 
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shape during use (width is much 
greater than length) has the char- 
acteristics of an interconnecting 
ground plane with large contact 
surface area rather than that of 
a wire. The inductance of a 
ground plane is three to four 
orders of magnitude less than 
that of a wire. 

At frequencies over approxi- 
mately 100 MHz, thin silver-filled 
elastomer gaskets (where con- 
tact area is much greater than 
the largest cross-sectional area) 
subjected to high compression 
forces provide low impedance 
bonds between mating surfaces. 
This results in RF shielding ef- 
fectiveness equal to that of the 
beryllium copper spring finger. 

The conductivity/inductance 
relationships are both material 
and shape dependent. For low 
frequencies (from 50 kHz to 10 
MHz), BeCu spring fingers and 
BeCu wire mesh are the best 
choices. At high frequencies 
(over 100 MHz) BeCu spring fin- 
gers and silver-fQled elastomers 
are the best choices. 

SHIELD INC EFFECTIVENESS 
For electric field and plane wave 
shielding, RF gaskets made from 
beryllium copper provide the 
highest shielding effectiveness 
of any gasket made from metal 
spring materials. This is due to 
the high conductivity and low 
inductance levels. As a result of 
its high conductivity and low 
inductance, beryllium copper 
also provides better magnetic 
field shielding at frequencies over 
approximately 1 MHz. However, 
for magnetic fields below about 
50 kHz, beryllium copper, like 
other nonmagnetic materials, 
suffers because of its unity per- 
meability. As a result, the mag- 
netic field shielding is not nor- 
mally provided by gasket mate- 
rials regardless of their compo- 
sition. Low frequency magnetic 
field attenuation is provided by 

FIGURE 1. Gasket Conffgurattons. 

high permeable enclosure mate- 
rials and not by the gasket. This 
is accomplished by designing the 
enclosure mating surfaces to be 
in contact with one another to 
create minimum air gaps in the 
path of the magnetic flux. At RF 
frequencies, shape becomes im- 
portant because inductance is 
shape related. 

Beryllium copper finger gaskets 
are more effective than BeCu 
and Monel/SnCuFe wire mesh 
materials because the BeCu fin- 
gers have larger contact surface 
area, greater cross-sectional 
area, and lower inductive reac- 
tance than the mesh materials. 
If constructed in the same way, 
BeCu wire meshgaskets are more 
effective than Monel/SnCuFe 
wire mesh gaskets because be- 
ryllium copper has about ten 
times higher conductivity than 
Monel/SnCuFe and has unity 
permeability. Unity permeabil- 
ity reduces the deterioration with 

frequency which results from 
skin effect. 

Flat spring finger configurations 
contribute to improved shield- 
ing effectiveness because of the 
greater contact surface area and 
because each finger acts as two 
parallel bond straps having a 
length-to-width ratio of much 
less than one. The lower the 
length-to-width ratio, the lower 
the inductance of the material 
configuration and the better the 
shielding becomes. When the 
length is equal to or less than the 
width, the bond behaves as a 
ground plane and the induc- 
tance becomes very small. At 
extremely high frequencies (20- 
30 GHz), the slots between the 
fingers begin to permit RF en- 
ergy transmission through the 
projected bounded slot configu- 
ration. This bounded slot area 
(A) is extremely small and is de- 
termined by the separation dis- 
tance (D) of the mating surfaces 
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and by the finger slot width (W); 
i. e. , A = D W. The lowest fre- 
quency of transmission is deter- 
mined by the larger of D and W, 
and the overall attenuation of 
the transmitted wave is deter- 
mined by the overlapping width 
of the mating surfaces. Regard- 
less of whether D or W is greater, 
the pitch of the part is many 
times greater than the slot width, 
which'reduces in-phase RF cou- 
pling effects between adjacent 
slots. 

At frequencies over approxi- 
mately 100 MHz, thin silver-filled 
elastomer gaskets with a con- 
tact area much greater than their 
largest cross-sectional area and 
which are subjected to high com- 
pression forces provide low im- 
pedance bonds between mating 
surfaces. The resultant RF 
shielding effectiveness is equal 
to that of the BeCu spring finger. 
At extremely high frequencies 
(20-30 GHz) and above, the spac- 
ing between the silver conduc- 
tive particles begins to permit 
RF energy transmission through 
the gasket material. The lowest 
frequency of transmission is de- 
termined by the particle distri- 
bution matrix, and the overall 
attenuation of the transmitted 
wave is determined by the over- 

lapping width of the mating sur- 
faces. 

The relationship between com- 
pression forces and shielding 
eifectiveness for the four most 
popular forms of gaskets is illus- 
trated in Figure 2. Each band 
represents the shielding varia- 
tion from the lowest to the high- 
est compression force for a gas- 
ket type. In this figure, the Monel 
and the BeCu wire mesh gaskets 
have similar construction in or- 
der to illustrate the effects of the 
material. The deterioration at 
the higher frequencies is a result 
of the density of the weave. The 
permeability of the wire mesh 
material determines the break 
points that occur at approxi- 
mately 1 MHz and 10 MHz. The 
lower attenuation values for the 
silver-filled elastomer at the 
lower frequency is a result of the 
particles being partially insu- 
lated by the silicon carrier. The 
maximum values are determined 
by the level of silver concentra- 
tion in the elastomer. 

CORROSIVE 
ENVIRONMENTS 
Corrosion is a major problem in 
electronic systems because the 
corrosion salts that are produced 

during electrochemical reactions 
can be either insulators, which 
degrade the shielding, or semi- 
conductors, which create un- 
wanted RF signals through non- 
linear mixing. This is known as 
the "rusty bolt problem" The 
three major contributors to the 
problem are exposed surface 
area, dissimilarity of materials, 
and the presence of an electro- 
lyte, usually moisture. Stamped 
or formed solid metal gaskets 
have minimum surface area. The 
surface is non-permeable, and 
thus does not permit the infu- 
sion of moisture. Also, metal is 
generally not hygroscopic. These 
characteristics act to reduce but 
not eliminate corrosion. Solid 
metal gaskets and wire mesh 
gaskets can be easily plated with 
other metals to minimize gal- 
vanic corrosion couples. Elas- 
tomer gaskets tend to be self- 
sealing, which reduces moisture 
infiltration through the edges. 
This characteristic frequently 
limits the corrosion to the outer 
edges of the gasket contact re- 
gion. Unfortunately, the poros- 
ity is a big variable among the 
different elastomers that are 
used, and many elastomers per- 
mit the infusion of moisture, 
especially after long-term expo- 
sure. 
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The generally accepted criteria 
for galvanic compatibility is MIL- 
STD-1250. Very briefly, this 
standard does not permit gal- 
vanic couples that exceed 0. 25 
volts. Most commercial applica- 
tions in a controlled environ- 
ment will allow up to 0. 5 volts. 
One of the worst possible gal- 
vanic couples is that of silver 
against aluminum, which can 
range to 0. 85 volts. For applica- 
tions where large contact volt- 
ages occur, the more reactive 
material will be destroyed. To 
prevent this problem, the gasket 
material and/or the mating sur- 
faces will need to be plated with 
a material that is compatible. 

SLIDING CONTACT 
SURFACES 
Solid metal flat spring type prod- 
ucts can be used in eithe'r a 
shear application or under di- 
rect compression. The capabil- 
ity of being used in shear per- 
mits the design of a seam at 
which the solid metal gasket 
compression forces will be 
aligned parallel with the mating 
surfaces of an enclosure. The 
knife-edge arrangement is an 
example of such a seam. Direct 
compression forces are normal 
to the mating surfaces. There is 
a distinct advantage to parallel 
force aligpinent because it elimi- 
nates the requirement for mul- 
tiple evenly spaced fasteners to 
maintain the gasket compres- 
sion. In either case, with a spring 
finger configuration, shear forces 
will develop because the shield 
and gasket surfaces will slide 
across each other. Since the 
BeCu surface is very hard com- 
pared with the oxidation and/or 
corrosion films, the gasket and 
mating surfaces form a self- 
cleaning contact. 

COMPRESSION RANGE 
Solid metal BeCu gaskets have a 
maximum deflection range of 

approximately 90 percent of their 
free height, with a usable range 
of approximately 60 percent. 
This compares with a 75 percent 
range for hollow core BeCu wire 
mesh, a 10 percent range for 
solid wire mesh, and a 15 per- 
cent usable range for solid elas- 
tomers. Geometry is not such 
an important issue for BeCu fin- 
ger gaskets, but is very impor- 
tant for wire mesh and conduc- 
tive elastomers. For example, 
depending upon their shape, 
conductive elastomer gaskets 
have deflection ranges from 15 
percent up to about 60 percent, 
with the usable range being ap- 
proximately half of this value. 
The elastomer shape considered 
to be the best trade-off between 
compression force and compres- 
sion height is a hollow tube with 
either a circular or "D" cross- 
section. With this configura- 
tion, 30-40 percent usable de- 
flection can be obtained. 

COMPRESSION FORCE/ 
COMPRESSION SET 
Depending upon the configura- 
tion, BeCu solid metal and BeCu 
hollow core wire mesh gaskets 
typically require compression 
forces between 3 and 20 pounds 
per linear foot to establish sur- 
face contact and to provide ad- 
equate shielding. Monel or 
SnCuFe wire mesh and elas- 
tomer gaskets require compres- 
sion forces of 15 to 800 pounds 
per linear foot to achieve shield- 
ing effectiveness. The combina- 
tion of compression force and 
gasket material characteristics 
determines compression set. 

Compression set forces the user 
to apply higher compression 
forces to the gasket after each 
opening of the enclosure in or- 
der to maintain a constant shield- 
ing effectiveness value. This re- 
sults in increased additional 
compression set during each 
opening/closing cycle. This com- 

pression set cycle continues until 
the gasket resiliency is lost and 
the gasket must be replaced. 

Depending upon the manufac- 
turing method used, BeCu spring 
finger and wire mesh gaskets 
have essentially no compression 
set. This is a characteristic of 
beryllium copper and is a func- 
tion of how the BeCu material 
was processed and not of its 
configuration. Conductive elas- 
tomer gaskets, particularly the 
taller configurations, have com- 
pression set values in excess of 
25 to 35 percent. Monel and 
SnCuFe wire mesh compression 
set is about half of the conduc- 
tive elastomer and ranges from 
about 10 to 15 percent. Solid 
metal gaskets made from cold- 
worked spring materials such as 
stainless steel, phosphor bronze, 
etc. , have compression set val- 
ues about half of the corre- 
sponding wire mesh value. These 
range from about 4 to 6 percent. 

GASKET WE IC HT/SYSTEM 
WEIGHT 
Unless the design is a space- 
craft, the weight of the gasket 
material used in the design is 
generally not considered. Most 
ground based applications would 
not be concerned with a one to 
two pound weight savings 
brought about by selecting a dif- 
ferent gasket design. Compar- 
ing the different gasket designs, 
the BeCu solid metal or hollow- 
core wire mesh gaskets tend to 
be lighter and weigh only 10 to 
17 percent of either Monel/ 
SnCuFe wire mesh or conduc- 
tive elastomers. However, the 
use of BeCu gaskets allows the 
designer to save more weight 
overall in the system configura- 
tion because the lower mechani- 
cal forces of the BeCu gasket 
permits the use of lighter weight 
structural materials. That is 
generally more important than 
the actual gasket weight sav- 
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ings, especially in airborne and 
spacecraft applications and ap- 
plications such as lightweight 
metal or plastic computer cabi- 
nets where fastener withdrawal 
forces are low. 

GASKET BREAKAGE 
RF gaskets are electronic com- 
ponents. All electronic compo- 
nents can suQer damag'e and/or 
breakage which can limit their 
useful life. Since RF gasket 
materials are generally used on 
movable surfaces where they 
become exposed to direct physi- 
cal contact, designers should 
consider some form of inherent 
protection for the materials. 

life of the solid metal gaskets, 
but the wire strand cross-sec- 
tional area is on the order of 
0. 00001 to 0. 00002 inch'. This 
reduces the tensile breakage 
strength per strand to one to two 
pounds. The lower breakage 
strength results in increased 
wire strand breakage wlilch is 
partially offset by the limited 
compression range of the mesh 
gaskets. 

Although elastomer gaskets give 
the appearance of a breakage- 
free configuration, the applica- 
tion of tensile and compression 
forces results in the release of 
the gasket's conductive particles 
located at the surface. The num- 

Since RF gasket materials are' generally 
used on, movable surfaces, designers 

should consider some form of inherent 
yrotection for the materials. 

pression, isolation, and desen- 
sitization measures have been 
implemented. For existing oQ'- 

the-shelf items, shielding can 
frequently be used as a solution 
to the interference problem. In 
any case, the shielding eQective- 
ness primarily depends upon the 
number and configuration of 
discontinuities in the shield. 

RF gaskets are used as seals for 
removable discontinuities. The 
four major types of gasket con- 
figurations used in today's sys- 
tems and enclosures are beryl- 
lium copper (BeCu) spring Qn- 
gers, beryllium copper (BeCu) 
hollow tubular wire mesh, 
Monel/SnCuFe solid wire mesh, 
and silver-filled conductive elas- 
tomers. Each offers advantages 
to the designer in specific appli- . 

cations but requires that the 
designer be knowledgeable 
about the gasket and its position 
and environment in the end prod- 
uct. 

Solid metal BeCu RF finger gas- 
kets are very rugged, with ayield/ 
breakage strength of approxi- 
mately 190, 000 pounds/inch2. 
Unfortunately, the cross-sec- 
tional area is between 0. 001 and 
0. 002 inch', which reduces the 
tensile breakage force to about 
190 to 380 pounds for a typical 
finger. Flexure life is in excess of 
50, 000 cycles, and any prema- 
ture breakage of the material is 
generally the result of a deficient 
installation design. During use, 
solid metal BeCu gaskets do not 
stretch or tear, which prevents 
misalignment that might other- 
wise result in breakage. Even if 
the material breaks, the pieces 
are large compared with BeCu or 
Monel/SnCuFe wire mesh and 
conductive elastomer fragments. 
Also, the pieces do not splinter. 

Wire mesh gaskets made from 
beryllium copper retain the 
breaking strength and flexure 

ber of released particles increases 
over time as a result of the mate- 
rial aging process. During this 
process the surface of the mate- 
rial, which contains conductive 
particles, is sloughed. 

Gasket materials for a given ap- 
plication must be selected and 
positioned after considering 
what damage can result from 
broken fingers, broken wire 
strands, conductive flakes and 
particles that can be distributed 
throughout the electronics 
through natural and/or forced 
air cooling systems. 

CONC L US ION 
Shielding is the only suppres- 
sion technique that does not af- 
fect the high speed operation of 
today's electronic devices. In 
new equipment designs, shield- 
ing should be used in conjunc- 
tion with or after circuit sup- 
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