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Figure 1. Stainless steel fabric, magnified 

100 times. 

ngineers have an abundance of 
options when it comes to control- 

ling and reducing electromagnetic 
interference in devices. Rather than 

apply EMI reduction techniques during 

the initial design stages of a project, 
engineers often add suppression devices 
to a prototype design to bring the 
emission and immunity performance in 

compliance with the EMC requirements. 
Passive devices like ferrite cores, absorb- 

ing materials, and shielding materials are 

used to enhance the EMI performance of 
a product. 

This article describes the 

synergy of two existing 
technologies, a papermak- 
ing technology and an 
electromagnetic shielding 

technology. The result is a 

process that has produced 
a novel and innovative 
shielding material — sheets 
made of sintered stainless 
steel fibers IFigures 1 and 
2). The product was 
primarily developed for 
shielding applications in 

electronic devices that 
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Figure 2. Stainless steel fabric, magnified 

1000 times. 

require thin, flexible and lightweight, yet 
robust, materials. Its unique physical 

properties allow for use in harsh envi- 

ronments where most shielding materials 

lose their shielding properties over time. 

MANUFACTURINQ METHOD 
The material, manufactured by 
Tomoegawa Paper Company of Japan, 
and distributed in North America by 
Mitsui R Co. , Inc. , consists of stainless 

steel fibers of specific, accurately 
controlled diameters of 1, 2, 4 or 8 
microns, respectively. A modified wet 

papermaking methocl is used to manu- 

facture very thin stainless steel sheets of 
uniform thickness. The fibers are made 

out of SUS316L (Table I), equivalent to 
SAE number 30316L steel, which is a 

stainless steel material with a very low 
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carbon content. Low carbon content makes steel easier 
to weld or sinter. During the manufacturing stage, 
these fibers are immersed in a liquid and stirred to 
ensure uniform distribution of fibers with random 
orientation. A 

sifting mesh run 

with consistent fiber density across the sheet. It is 

lightweight but still maintains good mechanical integ- 

rity. It is also pliable and flexible, similar to a very thin 

sheet of paper or fabric. Currently, the material is 

being supplied 
in a cut sheet 

through the 
liquid forms a 
thin sheet of 
fibers. The sheet 
is then dried and 
bonded with a 
temporary 
binder. 

During the 
sintering pro- 
cess, the sheet 
of randomly 
distributed fibers 
is placed in an 
oxygen-free 
atmosphere 
within a furnace 

- at a temperature 
of over 1000 
degrees Celsius. 
The temporary 
binder vaporizes 
by thermal 
decomposition, 
leaving only the 
stainless steel 
fibers. Simulta- 

neously, the 
fibers are melted 
together at the 
points where the 
fibers make 
contact. As a 
result, a sheet of 
paper-thin 
material consist- 
ing of 100% pure 
stainless steel is 

produced, with 
its mechanical 
and electrical 
integrity ensured 

by the sintering 
process. 

form. Production 
of long continu- 
ous sheets on 
rolls is expected 
in the near 
future 

The material 
tested for this 

article is desig- 
nated "SS8- 
50M7". The 
material is 

composed of 
stainless steel 
fibers with a 
diameter of 8 
micron and has 
a material 
weight of 50 
grams per 
square meter. Its 
mechanical 
properties are 
outlined in Table 
2. The maximum 

amount of stretch 
the material can 
withstand 
without deforma- 
tion is approxi- 
mately 2. 0% of 
the dimension in 

the direction of 
stretching. Since 
it consists of 
10090 pure 
stainless steel, it 

is heat, corrosion 
and acid resistant. 

The material 
is highly porous, 
which makes it 

suitable for 
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the filtering of 
CIRCLE 76 air and liquids. 

Also, adhesives 

and resins permeate easily between the fibers, a 

property that solid sheet materials or woven conduc- 
tive fibers do not exhibit. 

Form/Mete is protected by U. S. Patents and International patents pending. ocopyright 2000 Shielding For Electronics, Inc 

MATERIAL 
PROPERTIES 
The mechanical parameters of the material are highly 
consistent because of the manufacturing techniques 
employed. The product features a uniform thickness, 

Get voIIr wireless iIroduct 
to morijret IIIIicker. Eormllet' 
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the other. Each room contained 
strategically placed absorber materi- 
als behind the antennas and on the 
side walls to reduce the effect of the 
standing wave patterns formed 
inside each shielded room. 

A stabilized RF source generated 
the signal which was wired into the 
transmit antenna. The receiver, a 
spectrum analyzer, was connected to 
the receive antenna. For the electric 
field measurements, the antennas 
used were biconical antennas (up to 
300 MHz), log-periodic antennas (up 
to 1 GHz) and horn antennas for the 
microwave frequency range. For the 
magnetic field measurements, loop 
antennas were used. The distance 
between the phase centers of the' 

two antennas was 1. 8 meters (6 feet). 
First, a reference measurement 

was taken through the aperture 
without the material-under-test in 
place (Figure 3). This step marked a 
slight deviation from the traditional 

'Miate'r'i'arl'--. e 

M axim'um 
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Chrrcom'iiim nCeontent 

Niok'el Content 

16% 't'o" 1r8%'": 

10% t'o:, ::-, 1'4'%: 

Table 1. Stainless steel fiber properties. 

SHIELDING EFFECTIVENESS 
MEASUREMENTS 

minimize interference to and from 
the environment, the choice was 
made to perform these measure- 
ments in a completely electromag- 
netically shielded environment. 

To assess the suitability of a new 
material for a specific application, a 
number of functionality tests must 
be conducted. For shielding materi- 
als, the shielding effectiveness, or 
insertion loss, is the most important 
property. Shielding effectiveness is a 
number, often expressed on a 
logarithmic scale in decibels. The 
number represents the attenuation a 

SETUP AND PROCEDURE 
The test location consisted of two 
adjacent shielded rooms, with a 
square opening in the wall which 
separated the two rooms. The size 
of the aperture was approximately 
50 cm x 50 cm. The transmit 
antenna was located in one room; 
the receive antenna was located in 

For shielding 
nlaterisls, the 

shielding 
effectiveness, or 

insertion loss, is the 
nlost Inlport8nt 

property. 
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stray signal undergoes in the 
presence of the shielding material, 
compared to a situation in which 
the shielding material is not present. 

To test the shielding effectiveness 
of the stainless steel sheets, the 
Boeing Electro-Magnetic Effects 
Laboratory in Seattle was contracted 
to perform a series of tests. A setup 
was devised in which the free-space 
shielding effectiveness of th. e new 
material could be tested. The 
rationale behind the use of a 
simulated free-space setup was that 
free-space attenuation is a generic 
type of measurement, producing 
results suitable for comparison with 
other free-space measurements. To 
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Manufactunng facilities also in Europe, Mexico, and China 
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*Test standards applied are Japanese Industrial Standards promulgated by the 
Table 2. Stainiess Steel Sheet Properties (SS8-50M7 materiai). 

panese Standards Association 

free-space method, which requires a measurement with 
as few as possible reflective materials near and be- 
tween the antennas. However, by taking the reference 
measurement through the aperture and thus not 
changing the measurement setup, the insertion loss 
due to the presence of the material is more accurately 
assessed. The reference measurement was recorded in 
the spectrum analyzer as the reference level. The 
measurement with the shielded material in place was 
taken relative to the new reference level, and thus 
directly showed the shielding effectiveness in the 
readout on the spectrum analyzer. 

The test material was then fitted into the aperture 
between the two rooms and was securely fastened 
with copper tape which had a conductive glue backing 
(Figure 4). To verify the electromagnetic seal between 
the sheet and the shielding of the wall, the receiving 
antenna was scanned around the opening to determine 
leakage. Subsequently, data was gathered with the 
material in place, and the shielding effectiveness was 
recorded from the spectrum analyzer. 

PRESENTATION OF RESULTS 
Figures 5 and 6 show the measured shielding effective- 

ness (insertion loss) for the electric and magnetic field 
measurements, respectively. 

Figure 7 contains additional data gathered to 
verify the electric field measurements, as well as to 
gain insight in the low frequency performance of the 
material. The measurement uncertainty on the low 
frequency measurements is greater due to the limited 
effect of the presence of the absorber materials at 
those frequencies on the formation of standing wave 
patterns in both shielded rooms and the limited size 
of the opening between the two shielded rooms. 

CONCLUSIONS FROM SE MEASUREMENTS 
The new material performs very well over the entire ' 

frequency range at which it was tested. As is to be 
expected, at the low end the performance of the 
material is primarily determined by the thickness of the 
sheet. A thicker sheet will have a better shielding 
effectiveness. 

The measurements demonstrate a very high shield- 

ing effectiveness even into the microwave frequency 
region. This result can be attributed to the dense and 
random distribution of the fibers as well as to the very 
good conductivity between individual fibers, which is 

Figure 3. Test setup with horn antenna, reference 
measurement. 

Figure 4. Test setup with biconicai 
place. 
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antenna, with material in 
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tion devices in the passenger 
compartments 

~ Cable bundle shielding 
~ Post-installation shielding en- 

hancement and hardening 
~ Temporary shielded rooms in 

environmentally harsh environ- 
ments (TEMPEST) 

~ TEMPEST shielding of existing 
off-the-shelf electronics 

~ Spacecraft reflector antennas 
using memory alloys in the shape 
support structure will allow for 
extremely lightweight antennas 
with highly accurate deployment. 

AUTOINOTIVE 
In the automotive industry, weight 
is an issue but not as much as 
environmental toughness. The 
ability of this material to withstand 
high temperatures, moderate 
mechanical stress, as well a: a 
humid environment, make it ideally 
suited for the vehicle environment. 
Similar applications to those listed 
for the aerospace industry could be 
considered. 

ARCHITECTURAL SHIELDING 
Currently, most shielded rooms and 
shielded facilities are built sx ith 
sheet metal, usually galvanized 
steel. In architectural shielding, 
rooms and offices are shielded 
against EMI with aluminum and 
copper foils. The new stainless steel 
sheet shielding material is an 
interesting lightweight alternative to 
these. A double-insulated layer of 
the new material will easily outper- 
form existing solutions in terms of 
weight and shielding effectiveness. 

Also, due to its ability to with- 
stand adverse environmental 
conditions, it can be used to build 
temporary shielded rooms for 
outdoor EMI or HIRF testing. 

ANTENNAS 
The material is ideally suited for use 
as the parabolic reflector of a large 
high-frequency reflector antenna 
system. It is weatherproof, as well 
as porous, which limits the accumu- 
lation of rain water. The use of this 

material will reduce the need for 
expensive and cumbersome ra- 
domes. 

CONCLUSIONS 
The stainless steel sheet material is 
a successful attempt at devising a 
material which is both extremely 
light in weight as well as very high 
in shielding effectiveness. It has 
many applications, some as a 
superior replacement for an existing 
product; some as a novel solution to 
problems which could not be 
efficiently solved with existing 
materials. 
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