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INTRODUCTION

STANDARD PRODUCTS AND SPECIALS

This catalog presents a technical review of the
TECKNIT EMI Shielding Product Line. It is intend-
ed to serve as a guide to the selection, engineer-
ing, and specification of materials and compo-
nents for EMI or EMP shielding, grounding, and
static discharge. While the standard products illus-
trated in this catalog cover a broad range of mate-
rials and applications, TECKNIT has consistently
provided successful solutions to an even broader
range of special problems. We invite inquiries
about our capabilities and recommendations for
any shielding, grounding, or static discharge
application.

BASIC DESIGN CONSIDERATIONS

The following will serve to introduce basic
mechanical and electrical packaging design
considerations for effectively achieving
Electromagnetic Compatibility through the use of
TECKNIT EMI Shielding products described in this
catalog. Terminology used, in some cases, is
somewhat unique to the subject, and is described
in the Glossary of Terms included in a separate
section of this catalog.

Electronic equipment/systems, which operate
effectively within design parameters without

causing or suffering unacceptable performance
degradation due to electromagnetic radiation

or response, are described as having
Electromagnetic Compatibility (EMC). A review of
the following electromagnetic spectrum describes
the area in which TECKNIT products can provide
the designer with the required shielding levels of
Electromagnetic Interference (EMI) protection for
electronic equipment and systems.

Both mechanical and electrical design aspects
should be carefully considered in the selection of
EMI Shielding products. Mechanical considera-
tions are significant because of physical dimen-
sions and tolerances involved in construction of
electronic equipment and systems. These factors
may seriously impact on the electrical perform-
ance characteristics of EMI shielding products. It
is thus essential that the designer adequately con-
sider the origin and methods of suppression of
EMI.

The EMI Shielding Design Guide section of this
catalog contains valuable theoretical and practical
information on “how to select” TECKNIT EMI/FFI
shielding materials. In addition, the EMI Shielding
Design Guide provides specific information on EMI
shielding requirements for electronic circuits
which either radiate electromagnetic energy or

are susceptible to electromagnetic interference.

TYPES OF INTERFERENCE

RFI - Radio Frequency
Interference: unwanted radiat-
ed electronic noise (broad-
cast) 10 kHz to 1000 MHz

EMP - ElectroMagnetic Pulse:
broadband, high intensity
transient phenomena, such as
lightning or nuclear explosion

EMI - ElectroMagnetic
Interference: dc to 300 GHz

ME TEQS

ESD - ElectroStatic Discharge:
A Transient Phenomena
Involving Static Electricity-
Friction
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Introduction, Continued

By using the information provided, the design or
packaging engineermay develop an EMI shielding
profile by comparing the required shielding levels
of specific TECKNIT EMI shielding materials.

Total shielding is accomplished through the use of
line filters, and EMI shielding materials. These EMI
shielding materials consist of gasket and barrier
materials which provide custom designed products
for specific applications.

EMI shielding materials may be generally classified
into three categories:

e Gasketing Materials
e Barrier Materials
e Shielding Components

As shown in the Table of Contents, the products in
these categories may then be arranged to form
eight subsections (A through H) based upon
shielding materials (e.g., knitted wire mesh) or
product type (e.g., windows, vent panels, etc.)

GASKETING MATERIALS:
e Knitted Wire Mesh (Section A)

e Metal Fibers & Screen Gaskets (Section B)
e Oriented Wire Gaskets (Section C)

e Conductive Elastomers (Section D)

e Beryllium Copper Gaskets (Section 1)

e Fabric-over-Foam (Section J)

BARRIER MATERIALS:

e Viewing Windows (Section E)
e Air Vent Panels (Section F)

e Conductive Coatings (Section G)

SHIELDING COMPONENTS:

¢ Toggle boots and shaft seals, foil tape, FUZZ
BUTTON contact elements, connector gaskets,
O-Seals (Section H).

There are seven basic steps involved in the selec-

tion and specification of EMI shielding materials.

1. IDENTIFY - susceptible devices and major emis-
sions sources. Example: Home computer power
supply, aircraft navigation equipment, etc. (gen-
erally specified).

2. EMI SHIELDING DESIGN SPECIFICATIONS -
Example: Military, FCC, VDE, Tempest, etc.
(Specified)

3. PERFORM SHIELDING ANALYSIS - Reference
TECKNIT Design Guide to determine shielding
profile by comparing "required shielding" with
shielding obtained for various gaskets and
materials.

4. IDENTIFY MECHANICAL RESTRAINTS - Example:
Openings and discontinuities for viewing, servic-
ing, air flow, moisture seals, temperature
extremes, etc.

5. TEST-VERIFICATION - To FCC, VDE, MIL-STD
specification. Examine new methods employing
Transfer Impedance or TEM cell.

6. GENERATE SHIELDING SPECIFICATION - For gas-
ket, barrier, gasket and/or shielding compo-
nents. Reference TECKNIT EMI Shielding
Products Catalog data sheets for specific mate-
rial specifications. Contact TECKNIT
Representative or TECKNIT Factory locations for
design assistance if required and for assigning
of TECKNIT part numbers.

MECHANICAL ASPECTS OF THE SELECTION OF
GASKETING MATERIALS

In developing EMI Shielding, many mechanical
and electrical design considerations are interde-
pendent. One of the more important is joint
unevenness. Joint unevenness refers to the degree
of mismatch between mating seam surfaces. It
results when the mating surfaces make contact at
irregular intervals due to surface roughness or to
bowing of cover plates which may be the result of:
Improper Material Selection, Thickness of Cover
Plate, Too Few Fasteners, Excessive and/or
Uneven Bolt Alignment, Improper Gasket Size
Selection. Ideally, gaskets should make even, con-
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tinuous and uniform contact with seam surfaces.
Seam surfaces should be free of contaminates and
insulating materials such as paints or other deco-
rative finishes. Joint uneveness and surface condi-
tions are excellent examples of mechanical
restraints which can have adverse effects on the
electrical performance of a gasket. The ideal gas-
ket material will bridge irregularities without losing
its properties of resiliency, stability or conductivity.
The primary function of an EMI seam gasket is to
minimize the coupling efficiency of a seam. To
provide effective EMI Shielding, the seam design
should incorporate the following features:

e Mating surface should be as flat as economically
possible.

¢ Flange width should be at least (5) times the
maximum expected joint unevenness.

Mating surfaces requiring dissimilar materials
should be selected from the groupings of metals
shown in the electrochemical compatibility chart
in the TECKNIT Shielding Design Guide.
Materials at opposite ends of the table should be
avoided.

Mating surfaces should be cleaned to re-move
all dirt and oxide films just prior to assembly of
the enclosure parts.

Dielectric protective/decorative coatings should
be removed in the mating surface area. These
faces should be treated with chromate conver-
sion coating for aluminum, and plated with tin,
nickel, or zinc for steel.

e Fasteners should be tightened from the middle
of the longest seam toward the ends to minimize
buckling and warping. In most cases, there will
be several gasket and barrier shielding materials
which can be utilized. A final selection is made
through the consideration of application require-
ments, as well as, mechanical design restraints,
economics and other factors which might be
imposed.

ADMINISTRATION AND MANUFACTURING

From its origin in 1958 as Technical Wire
Products, Inc., TECKNIT has become a world
leader in the design and production of EMI/EMP
shielding, grounding, and static discharge prod-
ucts. Today TECKNIT occupies administrative and
manufacturing facilities in the United States,
Mexico, China, Spain and the UK.

SALES AND APPLICATIONS ASSISTANCE

TECKNIT sales representatives and distributors
located throughout the World are available to pro-
vide sales and product application assistance.

PRICE AND AVAILABILITY

Price and delivery quotations on catalog items
are available from your nearest TECKNIT
representative or directly from TECKNIT Sales
Administration Offices Worldwide.

STATEMENT IN LIEU OF WARRANTY

All technical information and data in this docu-
ment is based on tests and is believed accurate
and reliable. Nevertheless, since the products
described herein are not provided to conform with
mutually accepted specifications and the use
thereof is unknown, the manufacturer and seller of
the products do not guarantee results, freedom
from patent infringement or suitability of the prod-
ucts for any application thereof. The manufacturer
and seller of the products described in this docu-
ment will provide all possible technical assistance
and will replace any products proven defective. No
statement or recommendation made by the manu-
facturer or seller not contained herein shall have
any force or effect unless in conformity with an
agreement signed by an officer of the seller or
manufacturer.
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Section 1:

Electromagnetic Compatibility Overview

Electromagnetic compatibility (EMC) is the ability
of an electronic system or subsystem to reliably
operate in its intended electromagnetic environ-
ment without either responding to electrical
noise or generating unwanted electrical noise.
Electromagnetic interference (EMI) is the impair-
ment of the performance of an electronic system
or subsystem by an unwanted electromagnetic
disturbance.

Electromagnetic compatibility is achieved by
reducing the interference below the level that dis-
rupts the proper operation of the electronic sys-
tem or subsystem. This compatibility is generally
accomplished by means of electronic filters, and
component or equipment shielding. An example
of an EMI emitter/ susceptor system is shown in
Figure 1.

EMITTER SUSCEPTOR
SYSTEM SYSTEM

: )
D 18
== )

------------- -» RADIATED EMMISSION
————— CONDUCTED EMMISSION

FIGURE 1
INTERFERENCE COUPLING PATHS

The emitter represents a system or subsystem
that generates noise and the susceptor represents
a system or subsystem that is susceptible to
noise. In the real world, a system or subsystem
can be simultaneously an emitter and a suscep-
tor. The dotted lines show examples of radiated
interference phenomena and the solid lines show
examples of conducted interference phenomena.
The arrows indicate the direction of noise trans-
mission and coupling. Line A depicts interference
coupled directly from the emitter to the susceptor
through radiation paths. Line B shows that inter-
connect cables can also act as emitters of radiat-
ed noise. Line C shows that interconnect cables
can act as susceptors and respond to noise that
originated as radiated emissions. Thus, noise that
originally began as radiated emission can show
up in the susceptor system as conducted suscep-
tibility. Line D represents the crosstalk problem
found in interconnect cables where noise in one
cable can be capacitively and inductively coupled
to another cable.

U.S.A.: 908-272-5500 e U.K.: 44-1476-590600 e Spain: 34-91-4810178



EMI SHIELDING DESIGN GUIDE

Section 1:

Electromagnetic Shielding Overview

Electromagnetic waves consist of two oscillating
fields at right angles (Figure 2). One of these
fields is the electric field (E-Field) while the other
is the magnetic field (H-Field). The electromagnet-
ic wave impedance (Z,y) in ohms is defined as the
ratio of E-Field intensity expressed in volts per
meter (V/m) to the H-Field intensity expressed in
amperes per meter (A/m). E-Fields are generated
by and most easily interact with high impedance
voltage driven circuitry, such as a straight wire or
dipole. H-Fields are generated by and most readi-
ly interact with low impedance current driven cir-
cuitry such as wire loops.

Y

E, = Eg Cos 6 (E-Field)

X

(]
%8
z -k

H,' = H,, Cos 8 (H-Field) Z,, = Eg/H, (ohms)

FIGURE 2
ELECTROMAGNETIC PLANE POLARIZED WAVEFORM

Any barrier placed between an emitter and a sus-
ceptor that diminishes the strength of the interfer-
ence can be thought of as an EMI shield. How
well the shield attenuates an electromagnetic field
is referred to as its shielding effectiveness (SE).
Therefore, shielding effectiveness is a measure of
the ability of that material to control radiated elec-
tromagnetic energy. The standard unit of meas-
urement for shielding effectiveness is the decibel
(dB). The decibel is expressed as the ratio of two
values of electromagnetic field strength where the
field strengths are compared before and after the
shield is in place. It is defined as:

E-Field, SEys = 20 log;o (E;\ E,)
H-Field, SEyg = 20 log;o (Hy\ Hy)

The losses in field strength from a shielding barri-
er are a function of the barrier material (perme-
ability, conductivity and thickness), frequency and
distance from the EMI source to the shield.

The basic differential equations that express clas-
sical electromagnetic field phenomena and its

interaction with conductive materials were devel-
oped well over a hundred years ago by J.C.
Maxwell. The solutions of these differential equa-
tions are generally complex, even for simple mod-
els. This has discouraged their use in shielding
analysis.

INCIDENT 23
ELECTOMAGNETIC
WAVE \

| ABSORPTION LOSS
/ Adp)
FIRST SURFACE A
REFLECTION LOSS A = TRANSMITTED
(Rap)y . EM WAVE
“ro. T~ INTERNAL
REFECTION

Tl
SECOND SURFACE 2
REFLECTION LOSS - -
(Ragp)a

RE-REFLECTED TERM
(Byg)

BARRIER t
THICKNESS

FIGURE 3
LOSSES DUE TO A SOLID CONDUCTIVE BARRIER

A simpler method for studying the effects of elec-
tromagnetic wave interaction with conductive bar-
riers was developed by S.A. Schelkunoff in the
1930’s. Using this technique, total shielding
effectiveness (SE4g) of a solid conductive barrier
can be expressed as the sum of the reflection,
(Ryg), absorption, (Ayg) and re-reflection (Byg)
losses (refer to Figure 3). The reflection loss is
proportional to the electromagnetic wave imped-
ance (Zy,) and inversely proportional to the barrier
intrinsic impedance (Zp). The absorption loss is
proportional to the barrier thickness (t) and
absorption coefficient of the barrier (0. ). The
inverse of the absorption coefficient is called the
‘skin depth’ (5 ). Skin depth is a magnetic proper-
ty that tends to confine the current flow to the
surface of a conductor. The skin depth becomes
shallower as frequency, conductivity or permeabil-
ity increases. Electromagnetic fields become
attenuated by 1/e (natural logarithm) for every
skin depth of penetration into the barrier as
shown in Figure 4. The greater the number of
skin depths that exist within a given thickness of
metal, the greater the absorption loss. Since the
skin depth becomes shallower as frequency
increases, absorption loss becomes the dominant
term at high frequencies. The re-reflection loss is
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Electromagnetic Shielding Overview, cont

strongly dependent upon the absorption loss. Just
as a reflection occurs at the air to metal entrance
boundary of the barrier, a similar reflection occurs
at the metal to air exit boundary . For an absorp-

tion loss of greater than 10 dB, the reflection term
can be ignored.

ONE SKIN DEPTH (8]

02A
]

RELATIVE FIELD STRENGTH

'
I I I I I
0 I 2 3 4

DISTAMNCE FROM EDGE IN SKIN DEPTH ()

FIGURE 4
ABSORPTIVE LOSSES AS A FUNCTION OF SKIN DEPTH (3)

The barrier intrinsic impedance is a function of
the barrier relative permeability (u,), relative con-
ductivity (o,), and frequency (f). The wave imped-
ance is a function of the absolute permeability
(1,) and absolute permittivity (e,). Two other
important factors in the shielding equation are the
distance (r) from the source of electromagnetic
energy to the barrier, and wavelength (A).
Wavelength is related to the propagation velocity
(C =3 x 108 m/sec) and the frequency (f) as fol-
lows: A = c/f. When the source to barrier distance
is less than about one sixth of the wavelength of
the frequency of the electromagnetic energy
(AM2m), the field is called the ‘near field’. When
the source to barrier distance is greater than
AM2m, the field is called the ‘far field'.

The distance between the source and barrier is
important in determining the reflectivity factors in
the near field for E-Fields and H-Fields. For E-
Fields the reflection loss in the near field increas-
es as the separation between the source and
shielding barrier decreases and as frequency
decreases. For H-Fields, on the other hand, the
reflection loss in the near field increases as the
separation between the source and shielding bar-

rier increases and as the frequency increases. For
absorption, the losses are independent of the
near field/far field condition and are the same
whether the wave is predominantly an E-Field,
HField or a plane wave, which is an electromag-
netic wave in which all points normal to the direc-
tion of propagation are in phase or parallel to one
another or going in the same direction.

Summarizing:

e Absorption: Absorption increases with increase
in frequency of the electromagnetic wave,
barrier thickness, barrier permeability, and
conductivity.

¢ Reflection: As a general rule, above 10 kHz,
reflection increases with an increase in conduc-
tivity and a decrease in permeability.

¢ Reflection - E-Field: Increases with a decrease
in frequency and a decrease in distance
between the source and shielding barrier.

e Reflection - H-Field: Increases with an increase
in frequency and an increase in distance
between the source and shielding barrier.

e Reflection - Plane Wave: Increases with a
decrease in frequency.

The solution of shielding effectiveness equations
for solid conductive barriers, which considers the
barrier as an infinite plane of finite thickness,
usually results in shielding levels much greater
than practically achieved with an actual shielded
enclosure. This is due to barrier finite dimensions
and discontinuities, which are a necessary part of
a conductive cabinet design (e.g., seams, cable
penetrations and air vents). Barrier thickness
required to meet mechanical strength require-
ments generally provides adequate shielding
effectiveness. The barrier material and shielding
treatments of seams, penetrations and apertures
are the more important design considerations. In
Appendix A is a ranking of materials with respect
to relative conductivity, relative permeability,
absorption loss, and, reflection loss. Shielding
treatments, including those manufactured by
Tecknit, are discussed in the following sections of
this Design Guide.
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Section 1:

Electromagnetic Compatibility Design

EMC design should be an integral part of any
electronic device or system. This is far more cost
effective than the alternative, that is, attempting to
achieve EMC on a finished product. The primary
EMC design techniques include electromagnetic
shielding, circuit filtering, and good ground
design including special attenuation to the bond-
ing of grounding elements.

Figure 5 presents a recommended methodology
to good EMC design of a device or system. A hier-
archy is presented in the form of a pyramid. First,
the foundation of a good EMC design is simply
the application of good electrical and mechanical
design principles. This includes reliability consid-
erations like meeting design specifications within
acceptable tolerances, good packaging and com-
prehensive development testing.

ENCLOSURE
SHIELDING
DESIGN

INTERNAL CABLE
EMC DESIGN

/ PCB EMC DESIGN
/ GOOD ELECTRICAL AND MECHANICAL DESIGN

FIGURE 5
EMC DESIGN PYRAMID

Generally, the engine that drives today’s electronic
equipment is located on a printed circuit board
(PCB). This engine is comprised of potential inter-
ference sources, as well as components and cir-
cuits sensitive to electromagnetic energy.
Therefore, the PCB EMC design is the next most
important consideration in EMC design. The loca-
tion of active components, the routing of traces,
impedance matching, grounding design, and cir-
cuit filtering are driven, in part, by EMC consider-
ations. Certain PCB components may also require
shielding.

Next, internal cables are generally used to con-
nect PCBs or other internal subassemblies. The
internal cable EMC design, including routing and
shielding, is very important to the overall EMC of
any given device.

After the EMC design of the PCB and internal
cables are complete, special attention must be
given to the enclosure shielding design and the
treatment of all apertures, penetrations and cable
interfaces. Finally, consideration must be given to
filtering of input and output power and other
cables.

The following sections look at each of these
important areas and provide practical EMC design
guidelines.

PCB DESIGN

When designing a PCB, the design goal is to con-
trol the following:

1. emissions from the PCB circuitry,

2. susceptibility of the PCB circuits to external
interference,

3. coupling between PCB circuits and other near-
by circuits in the device, and

4. coupling between circuits on the PCB.

This is accomplished primarily by paying special
attention to the board layout and design, minimiz-
ing impedance discontinuities, and, when possi-
ble, by using low amplitude signals.

If clock frequencies above 10 MHz are used, in
most cases it will be necessary to use multilayer
design with an embedded ground layer. If this is
cost prohibitive for your product, use guardband-
ing, that is, grounds on each side of signal traces.

Components should be located such that noisy
and sensitive circuits can be isolated. Keep clock
traces, buses and chip enables separate from 1/0
lines and connectors. Clock runs should be mini-
mized and oriented perpendicular to signal
traces. If the clocks go off the board, then they
should be located close to the connector.
Otherwise, clocks should be centrally located to
help minimize onboard distribution traces.
Input/output chips should be located near the
associated connectors. Output circuits should be
damped with a resistor, inductor or ferrite bead
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Electromagnetic Compatibility Design, cont

mounted close to the driver. Circuit types (i.e.,
digital, analog, power) should be separated, as
well as their grounds. Tecknit offers a variety of
shielding components especially suited for PCB
shielding applications including a comprehensive
line of conductive elastomers. See Section D of
the Tecknit Shielding Products Catalog.

For high frequency design, the layout should be
treated as a signal transmission environment,
necessitating that impedance discontinuities be
minimized.

Good decoupling practices should be used
throughout the PCB; use bypasses liberally.
Typically, this will be a 0.1 to 1.0 microfarad
ceramic capacitor. Bypass capacitors should be
mounted close to the IC.

Minimize power bus loop areas by routing the
power bus as close as possible to its return.
Power lines should be filtered at the PCB inter-
face.

INTERNAL CABLE DESIGN

Internal cabling should be minimized as much as
possible. When cables are required to connect
assemblies and PCBs, the lengths should be min-
imized. Long service loops can be disastrous. If
PCBs are properly designed, the requirement for
shielding of internal cabling will be minimized.
However, if it is found that cable shielding is
required, the technique used to ground the shield
is critical to the attenuation afforded by the
shield. Cable shields should not be used as signal
returns. For certain unbalanced circuits, coaxial
cables are often used. In this case the ‘shield’ of
the coaxial cable is intentionally used for signal
return. In this application, the shield is not
intended for attenuation of electromagnetic ener-
gy emanating from the center conductor. If the
circuits at each end of a coaxial cable are
designed properly, the coaxial cable should not
radiate. However, if circuit impedances are not
properly matched and the coaxial cable does
radiate, another shield must be added to the
cable (triaxial). This outer ground would be then
bonded to the chassis ground.

In the Tecknit EMI Shielding Products Catalog,
knitted wire mesh and metal foil tapes can be
found which are specifically designed for harness
and cable shielding, as well as grounding
applications.

ENCLOSURE SHIELDING DESIGN

The enclosure must be designed with shielding in
mind. If PCBs and internal cabling are properly
designed, the need for enclosure shielding will be
minimized. However, if it is found that enclosure
shielding is required, designing the enclosure to
permit the application of shielding treatments will
minimize the level of the shielding design and
associated cost.

A shielded enclosure should be fabricated from
materials that possess the desired physical and
electrical characteristics, including resistance to
adverse environmental conditions. Discontinuities
degrade the shielding and their design is critical
in maintaining the desired levels of shielding
effectiveness, providing the possibility of electro-
magnetic coupling through the openings and
seams. The efficiency of the coupling depends
upon the size of the hole or seam in relation to
the wavelength of the interference. Any openings
in an enclosure can provide a highly efficient cou-
pling path at some frequency. As the aperture
increases in size, its coupling efficiency increases.

A good rule of thumb to follow in general design
practice is to avoid openings larger than 1/20 for
standard commercial products and I/50 for prod-
ucts operating in the microwave range. Since
most EMI coupling problems are broadband in
nature, the frequency of concern would be the
highest threat frequency within the bandwidth
envelope. Figure 6 shows 1/20 and 1/50 aperture
sizes over the frequency range 100 kilohertz
(kHz) to 10 gigahertz (GHz).

2em=3x1010/f
B A A.3/20 Max Opening Commercial
B. 3./50 Max Opening Military 7]

10

1.0

0.1

OPENING SIZE - CENTIMETERS (v.ecm}

0

T T T T T 1
100 kMz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz

FREQUENCY (f)

FIGURE 6
MAXIMUM SIZE OPENING AGAINST THREAT FREQUENCY
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When it is necessary to specify an opening larger
than A/20 or A/50, protective measures, such as
the products manufactured by Tecknit, may be
required to reduce the coupling which the aper-
ture introduces. See Section 4 for application
solutions.

Electromagnetic energy leakage through an aper-
ture is dependent upon two factors:

1. the longest dimension, (d), of the aperture
2. the wavelength of the radiating field.

For wavelengths less than two times the longest
aperture dimension, the electromagnetic energy
will pass freely through the opening without being
attenuated. For wavelengths equal to twice the
opening, the shielding is zero. The frequency at
which this occurs is called the cutoff frequency
(fe).

f. = C/2d, where C is the propagation velocity of
electromagnetic waves

For wavelengths greater than two times the maxi-
mum dimension, the attenuation is expressed as :

Rg4g = 20 log A/2d, where 2 > d > t
(t = material thickness)

Apertures affect both the reflection and absorp-
tion terms. The reflection term is lowered as a
result of an increase in the barrier impedance rel-
ative to the wave impedance. This increase in
barrier impedance is caused by leakage induc-
tance, which is related to the dimensions of the
aperture and the spacing of the radiating circuits
from the aperture. A good approximation of the
net shielding is to assume O dB shielding at the
cutoff frequency and a linear increase of 20 dB
per decade in shielding as the frequency
decreases. The maximum possible shielding
effectiveness, of course, is equal to that calculat-
ed for a solid barrier without an aperture.
However, this does not consider the effects of the
noise source in close proximity to the aperture. As
long as the potential EMI source is spaced at
least as far away as the largest dimension of the
aperture, this approximation will hold true.

When a noise source is closer than the largest
dimension of the aperture, a reduction in shield-
ing can be expected. Deriving the shielding
requirement in this situation can be very compli-
cated. As an approximation, the effective cutoff

frequency is reduced proportionally to the ratio of
the distance from the aperture:

f. = (C/2d) (r/d) and
Rgs = (20 log 1/2d) (r/d), where A/2 > d

The presence of more than one aperture of the
same size in a solid metal barrier has the effect of
reducing the total effective shielding. The amount
of shielding reduction is dependent on the spac-
ing between any two adjacent apertures, the
wavelength of the interference and the total num-
ber of apertures. If the adjacent apertures have
the same maximum dimension and are spaced at
least a half wavelength apart, the shielding reduc-
tion is minimal and can be considered zero for
practical purposes.

As the apertures are brought closer together (s<2
A ), they no longer behave independently as sin-
gle apertures. The reduction in shielding due to
multiple apertures is approximately proportional to
the square root of the total number (n) of equal
sized apertures.

Ry = 20 log A2d - 20 log n1’2,
where n = number of apertures
s< M2>d>t
s = edge to edge hole spacing

These relationships apply to knitted or woven wire
screen material if the wires make good contact at
each crossover or intersection.

Nonmetallic Enclosures

Many commercial electronic devices are pack-
aged in enclosures of plastic or other nonconduc-
tive materials. If the devices must rely on enclo-
sure shielding for EMC compliance, these enclo-
sures must be treated with a conductive material
to provide shielding. Metallizing techniques for
this application include vacuum deposition, elec-
troless plating, arc spray, and conductive spray
‘paint’. The latter is the most frequently used
technique which is really a paint-like slurry of
metal particles in a carrier. These conformal coat-
ings are loaded with very fine particles of a con-
ductive material such as silver, nickel, copper and
carbon. For example, Tecknit manufactures a
highly conductive acrylic and polyurethane paints
filled with silver particles. Surface resistivities as
low as 50 milliohms per square are attainable for
a one mil coating thickness. The lower the sur-
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face resistivity of the conductive coating, the
greater the shielding effectiveness. Shielding
effectiveness levels of 60 dB to 100 dB can be
achieved.

Windows

Often, large-area openings are required for view-
ing displays, status lamps and device operating
status. When shielding of these large areas is
required for EMC purposes, several options are
available: (a) laminating a conductive screen
between optically clear plastic or glass sheets; (b)
casting a mesh within a plastic sheet; and (c)
applying an optically clear conductive layer to a
transparent substrate.

Refer to Section E of the Tecknit EMI Shielding
Products Catalog for application and performance
data on EMI shielding windows.

Seams

In the design of seams, the goal should be to

achieve complete conductive contact along the
entire length of the seam. In cases where this is
not practical, special attention must be given to:

1. Seam Overlap: The two surfaces of the seam
form a capacitor. Since capacitance is a function
of area, seam overlap should be made as large as
practical to provide sufficient capacitive coupling
for the seam to function as an electrical short at
high frequencies. As a good rule to follow, the
minimum seam overlap to spacing-between-sur-
faces ratio should be 5to 1.

|¢— 5x —bl

:
—

FIGURE 7
SEAM OVERLAP AND SPACING

2. Seam Contact Points: Along the entire length of
every seam there should be firm electrical contact
at intervals no greater than A/20 for most com-
mercial devices and A/50 for microwave devices.
This contact can be obtained by using pressure
devices such as screws or fasteners, grounding
pads, contact straps across the seam, or conduc-
tive gaskets. Tecknit manufactures foil tapes,

thin elastomer gaskets, conductive caulks and
various other products which can be used in this
application.

If the seam surfaces are conductive and mate
tightly, an electrical short is provided. To ensure

a tight seam design, conductive gasketing along
the entire length of the seam may be used.
Conductive gasketing should be considered in the
following cases:

1. Total enclosure shielding requirements exceed
40dB.

2. Enclosures with seam openings greater than
A20.

3. Threat/emission frequencies exceed 100 MHz.
4. Machined mating surfaces are impractical.

5. Dissimilar materials are used on the mating
surfaces of the seam and the device is
designed to operate in severe environments.

6. Environmental (e.g., dust, vapor) seals are
necessary.

Tecknit manufactures a wide variety of conductive
gaskets for a broad range of applications, see the
Tecknit Catalog.

When using gasketing materials to attain a satis-
factory EMI shield, as well as proper environmen-
tal seal, be aware that gaskets are subject to both
minimum and maximum pressure limits to
achieve a proper electromagnetic seal. The
greater the pressure applied to the gasketed joint,
the better the apparent environmental and EMI
seal. However, should the pressure exceed the
maximum pressure limit of the gasket, permanent
damage to the gasket can occur. This damage
may decrease pressure across the seam and
degrade both the environmental and EMI shield-
ing characteristics. Wherever possible, use gasket
compression stops or grooves to limit compres-
sion to the maximum recommended values.

Penetrations

Enclosure penetrations may be categorized as (a)
those through which a conductor is passed, and
(b) those through which a conductor does not
pass. An example of the former is a cable inter-
face port, and examples of the latter are air vents
and holes for dielectric shafts.

Generally, to maintain the shielding integrity of the
enclosure at cable penetrations, electronic filters
or shielded cables must be used. Tecknit manu-
factures wire mesh and foil tapes which can be
used for cable shielding purposes. See Section A
in the Tecknit Catalog.
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To maintain the shielding integrity of an enclosure
with feedthroughs for non-conductive shafts or air
vents, waveguide theory may be applied. A metal
tube may be used for non-conductive shafts as
shown in Figure 8. This tube may be treated as a
waveguide to determine its ‘shielding’ characteris-
tics. The attenuation (A) characteristics of an indi-
vidual waveguide below the cutoff frequency (fc)
is a function of the depth to width ratio (d/w). As
the depth to width ratio increases, so does the
shielding.

For circular waveguides, the following relation-
ships apply:

f, = 1.76 x 1010/w,,, = 6.92 x 109/w;,
AdB = 32 d/W

For rectangular waveguides, the following relation-
ships apply:

f, = 1.5 x 1010/w,,, = 5.9 x 109/w;,
A = 27.3 diw

As discussed above, air vents that attenuate elec-
tromagnetic energy can generally be designed
using multiple small holes in a metallic enclosure.
However, in some cases where adequate attenua-
tion can not be achieved in this manner, for
example, when the noise source is close to the air
vent, a honeycomb waveguide design may be
used as shown in Figure 8. These waveguide air
vent panels are available from Tecknit. See
Section F in the Tecknit Catalog.

TNT  ENCLOSURE
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_/_"27_/'7/%_ =4

NON-CONDUCTIVE
SHAFT
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FEEDTHROUGH

Vw=4

HONEYCOMB PATTERN

FIGURE 8
WAVEGUIDES BEYOND CUTPFF

FILTERS

Generally, to suppress power line and signal line
emission, some form of filtering is required. Filter
attenuation is highly dependent upon source and
load impedances. Manufacturers’ data is general-
ly published for 50 ohm source and load imped-
ances while actual impedances are generally
reactive and vary considerably over the frequency
range of interest. While there are methods for
determining the actual impedances, these values
are usually unknown. Hence, the selection of fil-
ters through mathematical computation is usually
impractical.

An alternative approach is that of impedance mis-
match. That is, if a filter mismatches its source
and load impedances, minimum transfer of signal
(EMI) power will occur. If the source impedance
is high, the filter input impedance should be low,
or shunt capacitive. If the source impedance is
low, the filter input impedance should be high, or
series reactive. The same mismatch should exist
between the load impedance and the filter’s out-
put impedance.

Another consideration is whether the EMI is com-
mon mode or differential mode, where common
mode refers to noise voltages on two conductors
referenced to ground, and differential mode refers
to a voltage present on one conductor referenced
to the other. In many cases both types of EMI
must be attenuated.

Virtually all off-the-shelf power line filters are
designed to handle common mode noise, and
many provide both common and differential
mode filtering. Without conducted emission test
data, it is generally difficult to determine the inter-
ference mode of the equipment and thus the type
of filter required.

LINE LOAD

()
)

c. COMMON AND DIFFERENTIAL MODE

FIGURE 9
EXAMPLE OF FILTER TYPES
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Some knowledge of basic filter design is helpful in
selecting which filter type to try first. Where com-
mon mode filtering is required, line-to-ground
capacitors and common core inductors should

be used.

Where differential mode filtering is required, line-
to- line capacitors and discrete series inductors
should be used. Figure 9 illustrates examples of
both filter types. Most filter manufacturers, given
some knowledge of a particular device and the
EMI problem, can assist in selecting a suitable fil-
ter. The only way to be sure that a filter will
reduce EMI to compliant levels is to test the
equipment for conducted emissions, and be pre-
pared to try several different filters. This trial-and-
error approach may be unscientific, but in most
cases proves to be the fastest, most cost effec-
tive, and minimum risk approach.

The installation of a filter is extremely critical.
Filter case-to-frame ground connections must
have low impedance over the frequency range of
the filter, input- to-output leads must have maxi-
mum physical isolation, and, in the case of power
line and I/O line filters, the filtered lines must be
as close as possible to the enclosure entry point
(see Figure 10).

ENCLOSURE FILTER WITH POWER
\ RECEPTACLE
PROVIDES MAXIMUM
IN/OUT OUTPUT

ISOLATION
EXTERNAL CABLE 0
>———— | ELECTRONICS

CASE 1 - FILTER WITH BUILT-IN RECEPTACLE

ENCLOSURE
\ MINIMIZE DISTANCE
BETWEEN ENTRY POINT
AND FILTER

— 10
| FILTER I'—> ELECTRONICS

CASE 2 - FILTER WITHOUT BUILT-IN RECEPTACLE

EXTERNAL CABLE
>~
-

1

FIGURE 10
FILTER INSTALLATION

Connector pin filters and ferrite beads are also
very effective, especially on 1/0 line and for high
frequency (>100 MHz) attenuation. One must be

cautious that the capacitor and ferrite imped-
ances do not affect intended signal characteristics.

BONDING AND GROUNDING

In the preceding sections, references were made
to the importance of good low impedance ground
connections for shielding and filtering. Grounding
is probably the most important, yet least under-
stood, aspect of EMI control. Often, ‘ground’ con-
nections are made without appropriate attention
to the ground conductor impedance at the fre-
quencies of interest. As a result, the performance
of enclosure shielding, cable shielding or filtering
may be degraded, and the erroneous conclusion
made that the ‘shield’ or ‘filter’ design is incorrect.

When we use the word "ground", we are generally
speaking about a reference point. In most cases,
the best place to begin is with the green safety
wire of the AC power cable, assuming the device
is not battery powered of course. Since safety
organizations require that the safety ground be
connected to the chassis, the green wire is gener-
ally attached to the chassis immediately upon
entering the enclosure. This is good practice for
EMI control as well since this ‘safety ground point’
will also serve as the primary point of reference
for all other ground connections. The goal is to
maintain a very low impedance path between this
point and any other ground connection point in
the device.

Thus, ‘bonding’, or maintaining a low impedance
connection between mating conductive parts, is
an important part of a good ground scheme. This
requires that mating parts of enclosures not be
painted, the ground straps not be attached to
painted surfaces, and, perhaps, in corrosive envi-
ronments, special attention be given to the use of
dissimilar metals to preclude the effects of gal-
vanic action. The goal is to maintain, as close

as practical, a single potential ‘safety ground’
system.

Signal returns should generally be attached to
safety ground at one point (single-point ground
concept) to avoid ground loops. The term gener-
ally is important to note here since, in some
cases, it might be found that a multi-point ground
approach yields better results. Trial-and-error may
be required. Printed circuit board design should
also employ a singlepoint ground approach to
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maintain isolation of different circuit types as pre-
viously discussed. The best approach is to devel-
op a ground diagram showing all ground connec-
tions, using different symbols for ‘safety’, ‘analog’,
‘digital’, and ‘rf’ grounds. This will help to high-
light potential problems such as ground loops and
common ground paths for different circuit types.

Figure 11 illustrates the concept described above.
This is an ideal condition. However, in many
cases it is necessary to connect returns from one
PCB to another or one circuit type to another.
This results in ground loops. To minimize the
potential EMI threat, the following approaches
can be taken:

1. use balanced differential circuits when possi-
ble,

2. minimized loop areas, and

3. run hot and return leads next to each other.

SUBASSEMBLY #1
RF DIGITAL
CIRCUIT CIRCUIT CIRCUIT
GROUND %’ *
SUBASSEMBLY #2 SUBASSEMBLY #3
SIGNAL
GROUND * * *
D
GROUND ¢
CHASSIS SAFETY
GROUND -
GREEN SAFETY WIRE
IN POWER CABLE
EARTH GROUND  ——
FIGURE 11

EXAMPLE OF DEVICE GROUND DIAGRAM
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MILITARY EQUIPMENT EMC DESIGN

Since about 1990, there has been a trend in the
military to accept commercial-off-the-shelf (COTS)
equipment, especially in ‘noncritical’ equipment.
In many military contracts, EMC requirements ref-
erencing FCC and IEC standards can be found.
There are several reasons for this including cost
reduction.

However, where more stringent requirements are
deemed necessary the most commonly used mili-
tary standards for both emissions and immunity
(more commonly referred to as susceptibility in
the military) are MIL-STD-461D, Requirements for
the Control of Electromagnetic Interference
Emissions and Susceptibility and MIL-STD-462D,
Measurement of Electromagnetic Interference
Characteristics. As the titles indicate, one docu-
ment sets forth emission limits and susceptibility
criteria while the other defines the test methodology.

As one might expect, the military emission limits
are much lower and the susceptibility criteria
more severe than those found in most commer-
cial standards. Also, the frequency ranges are
broader as referenced in the MIL-STD- 461D
requirements.

The basic EMC design principles set forth in this
Design Guide for commercial products applies as
well to military products. The primary areas that
differ are generally in the design of the enclosures
and line filters. Also, especially in large complex
systems, EMC design analyses are required in the
schematic design phase to guide the electrical
and mechanical engineers.

MODELING AND ANALYSIS

In many cases a circuit or module will emit or be
susceptible to EMI only on certain frequencies.
For example: a radio transmitter operating at 10
MHz might interfere with the normal operation of
a digital electronic circuit located nearby, where-
as, with a difference of as little as one percent in
the transmission frequency, the problem might
not exist. On the other hand, a particularly ‘noisy’
signal source might have several discrete emis-
sion frequencies, all within the response band-
width of the susceptible circuit.

To comprehend the multifrequency problem asso-
ciated with electromagnetic emissions, it is help-
ful to understand frequency relationships associ-
ated with fundamental waveforms, such as the
square wave. An ideal square wave consists of a
signal switching two distinct voltage levels with
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FIGURE 12

IDEALIZED SQUARE WAVE WITH ITS FOURIER COMPONENTS

instantaneous transitions between levels. Figure
12 illustrates an ideal square wave along with its
frequency spectrum. Fourier theory states that a
square wave spectrum can be expressed as an
infinite sum of simple sine waves of decreasing
amplitude whose frequency decreases as the odd
multiple of the basic frequency of the square
wave itself. This figure illustrates that there is a
significant amount of energy still contained in the
higher order harmonics when compared to the
energy contained in the fundamental frequency.

Figure 13 shows the same ideal square wave
spectrum with amplitude converted to decibels
and frequency on a logarithmic scale. This is
commonly done to permit comparison with appli-
cable limits which are formatted in this manner.
The vertical lines represent the signal amplitude
as a function of frequency and the curve drawn
through the points of maximum amplitude repre-
sents the worst case limits. It is standard practice
to ignore the discrete nature of emissions and
deal exclusively with the curve shown connecting
the points of maximum amplitude since it is diffi-
cult and time consuming to predict emissions one
frequency at a time. Figure 13 shows that the
emissions profile of an ideal square wave
decreases at the rate of 20 dB per frequency
decade. Actual square waves do not have instan-
taneous transitions to perfectly flat voltage levels
as shown in the idealized case. They are more
accurately modeled by a trapezoidal waveform.
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FIGURE 13
AMPLITUDE OF IDEALIZED SQUARE WAVE IN dB REFERENCE TO A

Figure 14 shows a trapezoidal wave with a finite
rise time together with a frequency versus ampli-
tude plot. The slope of the emissions shifts from
20 dB per decade to 40 dB per decade as a
function of the rise time/fall time of the waveform
(1/+tr). As the rise time (tr) increases, the fre-
guency at which the slope changes from 20 dB to
40 dB per decade decreases. In addition, the
emissions profiles are functions of the duty cycle
of the signal. If the signal is symmetrical (50%
duty cycle) the worst case emissions profile
results. As the duty cycle decreases, the ampli-
tude of the low frequency emissions also decreas-
es. the amplitude of the low frequency emissions
also decreases. Figure 14 shows the amplitude
verses frequency plot for 50% and 20% duty
cycle trapezoidal waveforms.

After the major emission sources and the most
susceptible devices in system have been identi-
fied and characterized, the entire EMC problem
must be integrated into the total system EMC
design plan. The noise acceptable from individual
units or subsystems must be allocated on the
basis of the total acceptable system noise. Each
emitter circuit adds its noise to the system in a
root mean square (rms) fashion. If all the noise
emitters are of approximately equal strength, the
total noise is equal to the average noise of the
emitters times the square root of the number of
emitters. If one emitter dominates the others, total
noise would be approximately equal to the noise
of the dominant emitter. Usually there are two

or three dominant emitters of comparable
magnitude.
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TRAPEZOIDAL WAVEFORM AMPLITUDE VERSUS FREQUENCY

Both the emitter noise level as well as the suscep-
tor’s noise threshold must be considered. If the
susceptor’s lowest signal threshold level can be
made greater by at least two times the highest
emitter (noise) level (for a 6dB safety margin),
then the emitter and susceptor are considered to
be compatible with each other.

In addition to the interaction of the system with
the external environment, interaction inside the
system must also be considered, i.e., crosstalk
must be controlled. In other cases, it may be nec-
essary to characterize electromagnetic fields from
high power antennas on ships and aircraft plat-
forms, and how these fields affect on-board
equipment. The more complex analytic problems
require computer aided techniques. Many EMC
analysis software packages are available for mod-
eling these complex scenarios. Whether simple
manual models or the more complex computer
aided models are used, the characteristics of any
EMI control devices or techniques must be
included in the final analysis. For example,
shielding attenuation levels and filter insertion
loss levels.
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SPECIAL DESIGN CONSIDERATIONS

When military equipment must operate in severe
electromagnetic environments or mission critical
scenarios, the EMC design moves to a much
higher level. As mentioned above, the basic EMC
design principles and approach for non-military
equipment and illustrated in Figure 5 still apply,
however, the level of design changes significantly.
Let’s look at each design phase shown on Figure
5 and the briefly review the ways the design
might change for a severe military environment or
mission critical application.

Good Electrical and Mechanical Design

The major impact on the basic design of the
equipment is generally due to reliability, maintain-
ability, and atmospheric and mechanical environ-
mental constraints. Thus, ‘MIL parts, those meet-
ing military standards are used PCB Design.

Again PCB material, design and layout will be
affected primarily by reliability, maintainability,
and atmospheric and mechanical environmental
constraints. However, when devices must operate
in extremely high frequency regions, impedance
discontinuities become particularly critical. For
mission critical equipment, all aspects of good
PCB EMC design become critical including the
control of circuit emission, circuit susceptibility to
external interference, coupling between circuits
on the board, as well as circuits on the board and
other nearby circuits.

Tecknit offers a variety of shielding components
especially suited for PCB shielding applications.
These are very effective in minimizing chip and
circuit radiation. For example, Tecknit Shielding
Laminates are available in a variety of foil and
substrate combinations, from simple die cut
shapes to formed complex assemblies with folds,
scores, and cooling holes.

Internal Cable EMC Design

Internal cable design and layout is a real chal-
lenge in military equipment. For equipment
designed to operate at millimeter wave and
microwave frequencies, extremely high quality,
rigid coaxial transmission lines must be used. In
complex equipment in mission critical systems,
containing large multi-wire cable harnesses, dif-
ferent circuit types ( i.e., rf, data, DC power, AC
power) must be separated and the cable routing
controlled to prevent interference coupling. To
prevent or minimize radiation from harnesses,

shielding is often required, or as a minimum, the
cables must be routed close to the metal enclo-
sure surface. The latter enhances harness emis-
sion decoupling to ground. Tecknit EMC Shielding
Tape is specially designed for harness shielding
providing 60 dB of shielding at 10 MHz and 30
dB of shielding at 10 GHz.

Enclosure Shielding Design

The area where EMC design criteria varies most
between non-military and military equipment is in
the enclosure shielding design. Therefore, this
topic requires special attention. The reason for
this is simply that the enclosure is the last line of
defense for controlling radiated EMI, often the dif-
ference between meeting specification require-
ments and not meeting the requirements. Minor
miscalculations in gasket pressure, aperture
dimensions, and seam design, for example, may
result in major EMC problems. Also, atmospheric
and mechanical environmental factors must be
integrated into the shielding design as discussed
below.

a. Environmental Seals The EMI gasket is often
called upon to function as an environmental seal
to provide protection from dust, moisture and
vapors. Therefore, selection of the sealing elas-
tomer is as important as the EMI gasket. To seal
against dust and moisture, flat or strip EMI gas-
kets joined to a sponge or solid elastomer are
adequate. Sponge elastomers, characterized by
compressibility, are ideally suited for use in sheet
metal enclosures having uneven joints. Required
closure pressures are generally low, between 5
and 15 psi. To avoid overcompressing sponge
elastomers, compression stops are recommend-
ed. These stops can be designed into the enclo-
sure or embedded in the elastomer. Both tech-
niques are illustrated in Figure 15. Tecknit offers
a wide variety of sponge elastomer gaskets, as
well as other types of low closure force gaskets.

COVER COVER
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COMPRESSION
STOP

[*—— CHASSIS

4—— CASKET

ENCLOSURE
COMPRESSION
STOP

+— CHASSIS

BUILT IN COMPRESSION STOP WASHER TYPE COMPRESSION STOP

FIGURE 15
GASKET COMPRESSION STOPS
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The listing below presents the most important
characteristics of the more common elastomers.

Neoprene This elastomer is used commonly in
EMI gaskets and will withstand temperatures
ranging from -54°C to +100°C for sponge

(closed cell) elastomers. Neoprene is lightly resist-
ant to normal environmental conditions, moisture
and to some hydrocarbons. It is the least expen-
sive of the synthetic rubber materials and is best
suited from a cost standpoint for commercial
applications.

Silicone This material has outstanding physical
characteristics and will operate continuously at
temperatures ranging from -62°C to +260°C for
solid and - 75°C to +205°C for closed cell sponge
elastomers. Even under the severest temperature
extremes these materials remain flexible and are
highly resistant to water and to swelling in the
presence of hydrocarbons.

Buna-n Butadiene-Acrylonitrile resists swelling in
the presence of most oils, has moderate strength
and heat resistance although it is not generally
suited for low temperature applications.

Natural Rubber This material has good resistance
to acids and alkalies (when specially treated) and
can be used to 160°C, is resilient and impervious
to water. Rubber will crack in a highly oxidizing
(ozone) atmosphere and tends to swell in the
presence of oils.

Fluorosilicone Has the same characteristics of sili-
cone with improved resistance to petroleum oils,
fuels and silicone oils. Since most seals used with
EMI gaskets have elastomeric properties of
stretch and compressibility, some guidelines are
needed when specifying the dimensional toler-
ance of these materials. Figure 16 shows some of
the common errors encountered in gasket design.

Bolt holes close to edge
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FIGURE 16
GASKET DESIGN ERRORS

a.) Minimum gasket width should not be less than one half of the thickness (height).
b.) Minimum distance from bolt hole (or compression stop) to nearest edge of sealing gasket should not
be less than the thickness of the gasket material. When bolt holes must be closer, use U-shaped slots.

¢.) Minimum hole diameter not less than gasket thickness.
d.) Tolerances should be conservative whenever possible. Refer to Tecknit Shielding Products Catalog for
tolerances on rule die-cut gaskets and elastomer strips.
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Sealing against differential pressure between the
enclosure interior and exterior is best accom-
plished using a gasket which is contained within
a groove in the enclosure. This is also true for
shielding extremely high frequencies. For these
applications, the best known seal is the "O" ring.
Tecknit offers seals of this type in either solid or
hollow cross sections, and in various shapes.

Unlike sponge elastomers, solid elastomers do
not compress, they deflect. Since solid elastomers
do not change volume under pressure, groove
design must take into consideration seal deflec-
tion. As a rule of thumb, the groove should have
a minimum cross sectional area at least equal to
125% of that of the seal to accommodate deflec-
tion under worst case tolerance conditions of
elastomer and groove.

Normal deflection for solid rectangular seals
ranges from 5 to 15%. The pressure required to
deflect solid elastomer seals is a function of the
elastomer hardness and the cross section shape.
Typical pressures are as low as 20 psi for low
compression, low durometer material to 150 psi
for high compression, high durometer material.
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FIGURE 17
SHIELDING EFFECTIVENESS VERSES CLOSURE FORCE
(TYPICAL CHARACTERISTICS AT A GIVEN FREQUENCY)

h. Closure Pressure Shielding effectiveness and
closure pressure have a general relationship as
shown in Figure 17. The minimum closure force
(Piin) is the recommended applied force to estab-
lish good shielding effectiveness and to

minimize the effects of minor pressure difference.
The maximum recommended closure force (P,
is based on two criteria:

1. maximum compression set of 10% and/or

2. avoidance of possible irreversible damage to
the gasket material when pressure exceeds the
recommended maximum.

Higher closure pressures may be applied to most
knitted wire mesh gaskets when used in Type 1
joints, but the gaskets should be replaced when
cover plates are removed, i.e., whenever the
seam is opened.

ez —s|
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FIGURE 18
COMPRESSION SET

¢. Compression Set Selection of a gasketing mate-
rial for a seam which must be opened and closed
is to a large extent determined by the compres-
sion set characteristics of the gasket material.
Most resilient gasket materials will recover most of
their original height after a sufficient length of
time when subjected to moderate closing forces.
The difference between the original height and
the height after the compression force is removed
is compression set. As the deflection pressure is
increased, the compression set increases. See
Figure 18.

Another consideration for pressure seals is the
chemical permeability of the elastomer com-
pound. This is defined as the volume (cm3) of
gas that will permeate in one second through a
specimen of one cubic centimeter.
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Finally, leakage can be reduced by using conduc-
tive grease. Compatibility of the grease with the
seal elastomer and the application should be
checked. Tecknit manufactures a wide variety of
“O” ring gaskets and conductive grease for a
broad range of applications.

d. Corrosion It is necessary to select shielding
materials and finishes which inhibit corrosion, are
compatible with the enclosure materials and are
highly conductive. Corrosion occurs between dis-
similar metals in the presence of an electrolyte.
The rate of corrosion depends on the electro-
chemical potential between two metals and the
conditions under which contact is made.
Materials must be used which provide the least
corrosion due to galvanic action when materials

are in contact for an extended period of time with
appropriate protective finish. Maximum galvanic
activity occurs when dissimilar metals are
exposed to salt atmosphere, fuels, chemicals and
other liquids which may act as electrolytes. To
minimize corrosion, all surfaces should be free of
moisture.

Therefore, EMI gasket material making contact
with the enclosure material in a corrosive atmos-
phere must be selected or treated to ensure that
materials in contact are compatible. Table 1 sepa-
rates metals by electrochemical compatibility. The
design goal should be to use metals in the same
group. When this is not feasible, a protective fin-
ish must be used to retard corrosion.

Table 1
GROUPING OF METALS BY ELECTROCHEMICAL COMPATIBILITY
GROUP | GROUPII GROUP Il GROUP IV
Magnesium Aluminum Cadmium Plating Brass

Magnesium Alloys Aluminum Alloys
Aluminum

Aluminum Alloys

Beryllium
Zinc & Zinc Plating
Chromium Plating
Cadmium Plating

Carbon Steel

Beryllium
Zinc & Zinc Plating
Chromium Plating
Iron Brass Rhodium

Nickel & Nickel Plating

Tin & Tin Plating

Tin/Lead Solder

Lead

Stainless Steel
Copper & Copper Alloys
Nickel/Copper Alloys

Carbon Steel
[ron
Nickel & Nickel Plating

Tin & Tin Plating Monel
Tin/Lead Solder Silver
Lead Graphite
Stainless Steel Palladium
Copper & Copper Alloys Titanium
Nickel/Copper Alloys Platinum
Monel Gold

When it is necessary for dissimilar metals to be
used, the following practices should be applied to
insure compatibility:

1. Use a tin or cadmium plated washer between a
steel screw in contact with aluminum.

2. Use selective plating where it is essential to
have reliable electrical contact.

3. Design to ensure that the area of the cathodic
metal (lower position in a group) is smaller

than the area of the anodic metal (higher posi-
tion in a group).

e. Seam Design Generally, higher enclosure
shielding effectiveness levels will be required for
military equipment operating in severe electro-
magnetic environments or mission critical scenar-
ios. Therefore, special attention must be given to
seam design. A few special seam shielding fea-
tures for achieving higher levels of shielding effec-
tiveness are as follows:
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U.S. Customary
[SI Metric]

Section 2:

Special Applications, cont

Grooves For Retaining Gaskets: A groove for retain-
ing a gasket assembly provides several advan-
tages:

1. Can act as a compression stop.
2. Prevents overcompression.

3. Provides a fairly constant closure force under
repeated opening and closing of the seam.

4. Provides a moisture and pressure seal when
properly designed.

5. Cost effective in lowering assembly time and
cost of gasketing material.

6. Best overall sealing performance.

COMPARATIVE
COMPRESSION OF SPONGE
VERSUS SOLID ELASTOMER

SPONGE ELASTOMER
(NO LATERAL FLOW)

SOLID ELASTOMER
(LATERAL FLOW)

GROOVE DESIGN
- COVER PLATE -

SPOMNGE ELASTOMER
COMPRESSES AND FILLS GROOVES
UNDER FULL CLOSURE AND WORST
TOLERANCE CONDITIONS

SOLID ELASTOMER DEFLECTS AND
FLOWS OUT OF GROOVE
RESULTING IN GAP AND POSSIBLE
DAMAGE TO) ELASTOME

FIGURE 19
GROOVE DESIGN CONSIDERATIONS

Solid elastomers are not compressible. They are
easily deformed but do not change in volume as
do sponge elastomers. Therefore, allowance for
material flow must be considered in the groove
design. If the groove cross section (volume),
when the cover flange is fully closed, is insuffi-
cient to contain the fully deflected material, prop-
er closure of the flange may be difficult. In addi-
tion, overstressing of the material may degrade
electrical and physical properties of the shielding
material. Figure 19 depicts the various conditions
of groove design.

Closely Spaced Fasteners: Fastener spacing
design is a function of cover plate thickness, min-
imum- maximum pressures, gasket compressibili-
ty and material characteristics, and flange dimen-
sions. This is reflected in the following equation

for calculating fastener spacing (Refer to Figure
20):

C=1[480 (a/b) E3 DH /13 Py + 2Pay 1174
where

a = width of cover plate flange at seam
b = width of gasket

C = fastener spacing

E = modulus of elasticity of cover plate
AH =H1-H2

H1 = minimum gasket deflection

H2 = maximum gasket deflection

H = gasket height

Prin / Pmax = Minimum/maximum
gasket pressure

t = thickness of cover plate

PR

BOWED COVER PLATE

. e

—
I

~7

Il
FIGURE 20

COVER PLATE AND GASKET DIMENSION

Input/Output Filters

Just as the enclosure shielding design is the last
line of defense for radiated EMI control, 1/0 filter-
ing is the last line of defense for controlling con-
ducted EMI. Generally, higher filter insertion loss
levels will be required for military equipment
operating in severe electromagnetic environments
or mission critical scenarios. This generally results
in physically larger filters, which could conflict
with size and weight constraints. To accommo-
date large filters it is often necessary to design the
filter enclosure around other subassemblies with-
in the equipment, resulting in filters with complex
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shapes. Interface connectors are often unique.
Therefore, all things considered, filters for military
equipment will most likely be a custom design.

To minimize cost and schedule impacts, the filter
should be designed early in the equipment devel-
opment cycle, as part of the EMC analysis and
modeling effort.

ARCHITECTURAL SHIELDING DESIGN

Certain buildings, and large areas within buildings,
must be designed to provide electromagnetic wave
shielding. The purpose of this requirement is
either:

1. to protect sensitive electronic equipment operat-
ing inside the building (generally computer
based equipment) from high level rf or radar
signals outside the building, or

2. to protect confidential or proprietary information
being processed on computer equipment inside
the building from interception by unauthorized
persons outside the building through the detec-
tion and analysis of the electromagnetic waves
emanating from the computer equipment.

A few examples of the first condition are as follows:
1. airline reservation centers located near airports,

2. computer facilities located near military installa-
tions, and

3. Magnetic Resonance Imaging (MRI) facilities
located near a commercial radio broadcast sta-
tion. The second scenario is generally associat-
ed with the following:

. government embassies,
. secure government computer facilities,

. stock and other financial organizations, and

N W ON -

. industrial computer facilities involved in classi-
fied government contracts.

In both cases some level of electromagnetic shield-
ing is required over a specified frequency spec-
trum. The owner, or user, of the building deter-
mines this shielding requirement based on an
analysis of the potential problem. This analysis
might include a site or computer equipment sur-
vey. When associated with a government installa-
tion, certain regulations and guidelines must

also be followed to determine the shielding
requirements.

Once these requirements have been established,
they are passed on to the architects and engineers
who generally work with an engineering firm that
specializes in shielding design, so that the proper
shielding design approach is employed in the
building plans and specifications. Tecknit can
direct you to the appropriate design firms.

Where unfinished material is appropriate, tin coat-
ed steel, galvanized steel, aluminum and copper
are most frequently used. Basically, the entire
building, or area in the building to be shielded, is
“covered” with this metallic material; that is, the
roof (or ceiling), walls and floor. In some cases, it
is possible to make use of earth for completing a
building shielding system. When shielding an
entire building the shielding may be installed: a)
outside the structural steel, b) as an integral part
of the structure, or, ¢) inside, depending on the
building design, materials selected, shielding
requirements and cost. When shielding is required
as part of the renovation of an existing building,
shielding options are more limited. In the latter
case, it is generally easier to apply to shielding on
the exterior of the building.

In general, the shielding material is covered with
standard exterior or interior building finishes such
as architectural panels, sheet rock, brick, and so
forth. Finished exterior metal architectural panels
may be used to achieve shielding where low leve
requirements exit (< 30 dB). The obvious advan-
tage is economic where the finish and shield mate-
rial are the same. This applies as well to metal
roofing.

The shielding envelope must be continuous, free
of openings which might allow a leak. This require-
ment poses some unique problems in the treat-
ment of windows, doors, air vents, plumbing, elec-
trical connections and other penetrations which
are essential for the operation of the building.

An important consideration is the method used in
joining the metallic shielding panels. The seams
must be tight, metal-to-metal connections, free of
paint, dirt, rust or any other insulating material.
The various techniques used for joining shielding
panels include welding, soldering, mechanical fas-
teners with pressure plates, and conductive tape.
Tecknit has many products in its Shielding
Products Catalog that can be used in these, archi-
tectural shielding applications, including gaskets,
windows, vents, conductive coatings and tapes,
etc..
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