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Material Base Metal 
Resistivity 

Copper j .72 X jQ-8 

Aluminum 2.62 X jQ-8 

Zinc 6 X jQ-8 

Tin 11.4x1Q-8 

Figure 2. Resistivities of metals and their oxides in Q-m. 

penetrations. RF integrity and electrical 
continuity will be jeopardized by oxida­
tion. A continuous weld between two 
sheets of steel will perform better than a 
mechanical seam. For high performance 
at extremely high frequencies (up to 100 
GHz), welded steel enclosures are gen­
erally the most practical choice. Howev­
er, welders that work on these rooms 
must be trained and certified in their 
craft. Due to the cost and special han­
dling requirements, smaller steel enclo­
sures may be cost prohibitive if low-fre­
quency or DC magnetic field shielding 
and/ or extremely high-frequency shield­
ing is not required. Modular panel de­
signs using copper, aluminum, or galva­
nized steel sheets can typically meet or 
exceed 100 dB at 10 GHz. Modular de­
signs are also less expensive, lighter and 
easier to transport to the construction lo­
cation inside a building. 

Galvanized steel sheets are often used 
in modular panel designs to minimize 
corrosion and oxidation. The zinc galva-

nizing protects the steel from oxidizing, 
yet the zinc itself can experience galvanic 
corrosion if proper precautions are not 
followed. Also note that the zinc does not 
provide corrosion protection at the cut 
edges of the steel sheets. And, unlike 
copper, tin and aluminum oxide, iron 
oxide (rust) does not stop forming after 
it reaches a certain thickness. Zinc is one 
of the most anodic (most prone to corro­
sion) of all metals typically used in RF 
shielding. Direct contact with copper 
should definitely be avoided. Galvanized 
steel offers better low-frequency and DC 
magnetic-field shielding than copper or 
aluminum, but can have problems at 
higher frequencies. If mechanical seams 
are used, greater clamping pressure will 
almost always be required to obtain the 
same level of performance that would be 
realized with a copper shield at lower 
clamping pressures. And with a rigid ma­
terial such as steel, it is harder to get re­
peatable RF seals in a modular enclosure 
if it is disassembled, moved, and then re-

Copper: Semi-conductive oxide layer adheres to the surface and prevents 
corrosion from penetrating. 

Sensitive to elevated concentrations of sulfate, chloride or ammonia 
compounds, and sulfide. 

Not corroded by non-oxidizing salt solution. 
Is safe to use in contact with lime-bearing cement or concrete. 

Aluminum: Insulating (ceramic) oxide layer forms rapidly in air, adhering firmly 
to the surface of the aluminum, and halts futher corrosion. 

Sensitive to alkaline compounds and halogen acids. 
Resists acetic and organic acids. 
Contact with portland cement, lime, and plaster should be avoided. 

Zinc: Air causes basic carbonate to form. This acts as a protective layer and 
prevents further corrosion. 

Sensitive to alkaline materials and sulphurous components in the air. 
Should not be placed in contact with cement or lime-mortar. 
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assembled. Seam performance of the typ­
ical modular enclosure is most vulnera­
ble at the floor, also the area where mois­
ture is likely to·· be most prevalent. For 
this reason, floor seams should be mini­
mized or eliminated altogether. If galva­
nized panels are welded, great care must 
be taken to insure the safety of the 
welders from the toxic fumes emitted 
from zinc. 

Interlace Materials 
When dissimilar metals must contact 

each other, a number of surface treat­
ments can be applied to one or both sur­
faces to make them compatible. These 
surface treatments can be plating, con­
ductive adhesive foil tapes, or flame or 
arc sprayed metal compound. In all cases, 
the base metal being treated must be 
cleaned of all oxides, corrosion, dirt, or 
other contaminants to insure good adhe­
sion. To minimize oxidation, it is impor­
tant to treat the surface of the base metal 
most affected by oxidation. For example, 
it would be better to treat the surface of 
newly cleaned aluminum or steel to pre­
vent oxidation. Treating newly-cleaned 
copper would still allow oxidation to form 
on the aluminum or steel, even though 
the two base metals would be galvanically 
compatible. 

Plating is a good technique for applying 
an interface material, and tin plating is 
generally the best choice. Tin can be ap­
plied over most metals used for RF 
shielding and provides a surface that is 
easily soldered, making certain fabrica­
tion processes easier. However, plating 
can be cost prohibitive if the shape is too 
complex, or too large. 

An arc-sprayed or flame-sprayed sur­
face treatment offers a good alternative 
for applying an interface material. In this 
process, molten metal is deposited direct­
ly on a clean base metal surface and 
forms a permanent bond. Many metals 
and metal alloys can be arc- or flame­
sprayed. 

Another surface treatment is copper or 
tinned-copper foil tape with a conductive 
pressure sensitive adhesive. Conductive 
tape works best below 1 GHz. Above 1 
GHz, the random displacement of the 
conductive particles in the adhesive be­
comes apparent. 

Strips of metal, usually a tinned-copper 
material, can be used as interface surface 
treatments. The strips would be clamped 
between the two components being as­
sembled, and this works best when at 
least one surface has some resiliency. Un­
like plating, arc or flame spraying, or tap­
ing, the strips of metal will not prevent 
oxide from forming on the base metals. 

Conductive paints, silicones, epoxies, 
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and other flowable coatings are not rec­
ommended for metal-to-metal interface 
contacts because of the random displace­
ment of conductive particles within the di­
electric medium. 

The most common interface metal used 
is tin. Tin is compatible with most other 
metals used for RF shielding: copper, 
aluminum, galvanized steel, and steel. Tin 
oxidizes slowly and the oxide layer that 
forms is very thin, brittle, and easy to 
break through. The oxide layer is also 
more conductive than copper oxide, 
though the best practice is to remove any 
oxide before assembling components. Tin 
also provides an excellent surface for sol­
dering. Tin is soft and pliable, which al­
lows it to adhere to flexible surfaces with­
out flaking or peeling. A number of stud­
ies show tin to be a highly desirable ma­
terial for its ability to maintain high con­
ductivity (and shielding effectiveness) 
over long periods in corrosive environ­
ments. 

Zinc is another interface metal used as 
a protective coating on steel. The galvanic 
series chart in Table 1 shows that tin and 
aluminum are the only shielding metals 
used that are compatible with zinc. 

Chromate coatings for aluminum 
work well as oxide inhibitors, keeping 
the aluminum surface conductive. But 
these coatings are typically only a few 
millionths of an inch thick and do not 
bond well with aluminum; thumbnail 
pressure can remove the coating in 
most cases. The coating is a salt form of 
chromate, not a metallic form, and be­
cause of this will not protect against gal­
vanic corrosion. 

Summary 
Copper, aluminum, steel, and galva­

nized steel all have their merits and their 
drawbacks. Table 2 lists some of the cor­
rosion and oxidation characteristics of 
copper, aluminum, and galvanized steel 
(zinc). 

The metal used to construct an RF 
shield should be chosen based on shield­
ing needs. Then steps must be taken to 
minimize seams and penetrations and 
prevent the formation of oxidation and 
galvanic corrosion, This will insure a high 
level of shielding effectiveness and long-
lasting performance. ~ 
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What's The Worcl For 
Shielding Protection1 
Performance & Va e? 

Lindgren. A name that means total capability in the science and 
engineering of shielding solutions. 

Founded in the early 1950's Lindgren has grown to become the largest 
shielding company in the industry. We offer a full spectrum of services, 
including consultation, design, engineering, fabrication, on-site installation, 
and certification testing. 

Our approach to providing effective, state-of-the-art shielding systems 
relies on our understanding of the science of 
shielding, our experience and a company­
wide commitment to quality products 
backed by responsive, personal service. 

And, unlike 
many of our 
competitors, 

Some of the nation's most demanding 
shielding is our anechoic chambers are fabricated by 
only business. Lindgren's LectroMagnetics Division. We 

hold 28 patents assoclaled with the solanca 
Our product of shielding and have an established track 

line offers the record for on-time delivery. 

A recognized industry standard, our industry's most comprehensive variety of 
screened enclosures are well-suited shielding solutions: DEI Enclosures, Welded 
for applications where maximum 
performance is required in a "hear- Enclosures, Modular Cell-Type Enclosures, In-
through, see-through" environment. Place Shielding, Single-Shield 3 Oz. Copper 
All DEl enclosures are fully 
assembled and tested at the factory Systems, Anechoic Chambers, Single-Shield 
to verify RF performance. Pan-Formed"' Enclosures, RF Doors, Waveguide 
Air Vents, RF Filters, RF Windows, and Low Frequency Magnetic Field 
Analysis and Containment. 

For more information on the products behind the name or a quote on 
your next shielding project, call (708) 307-7200. 
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400 High Grove Boulevard o Glendale Heights IL 60139 USA 
(708) 307-7200 o FAX (708) 307-7571 
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