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INTRODUCTION 
The increasing number of electri- 
cal and electronic equipment and 
mobile communication sets has 
led to a multitude of malfunc- 
tions caused by electromagnetic 
waves. Microprocessor-driven 
equipment particularly is more 
and more sensitive to HF energy 
due to the widespread use ofhigh- 
speed clock frequencies. 

Malfunctions can simply be 
annoying but can sometimes have 
disastrous effects. For example, a 
failing anti-skid brake on an au- 
tomobile, or a medical measuring 
instrument indicating the wrong 
value can have serious or fatal 
consequences. 

Therefore it is important to 
determine the susceptibility 
behavior of specific electrical and 
electronic equipment. This has to 
be done by subjecting the 
equipment under test (EUT) to a 
well-defined and reproducible 
electromagnetic fleld in a fi equency 
range of 80 to 1000 MHz. 

This article describes a compact 
diagnostic chamber (C DC) 

designed for the performance of 
electromagnetic susceptibility 
tests at a reasonable cost. The 
chamber will allow smaller 
companies to acquire essential 
knowledge about electromagnetic 
compatibility (EMC). 

HISTORY 
Since 1970 many anechoic cham- 
bers have been erected. Some of 
them were designed to perform 
emission measurements. Based 
on the range of use, these cham- 
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bers included a measurement 
distance of 3 m or even of 10 m 
with an internal height allowing 
foranantennaheightof4m. This 
resulted in really large anechoic 
chambers. Due to the tremen- 
dous cost, most of these cham- 
bers were built by large compa- 
nies or by test houses. Smaller 
companies often lacked informa- 
tion and know-how about elec- 
tromagnetic compatibility. 

Since the EC Directive on EMC 
89/336/EWG requires not only 
emission testing but also suscep- 
tibility testing, many activi- 
ties have revolved around devel- 
oping smaller anechoic chambers 
which are optimized to perform 
susceptibility tests. 

TEST SITE REQUIREMENTS 
For susceptibility testing the CDC 
must fulfill the requirements of 
the newest draft of the interna- 
tional standard IEC 801-3 and of 
European Standard ENV50140, 
which is based on the IEC stan- 
dal d. 

The CDC must establish an area 
of uniform field (Figure 1). The 
area should be 1. 5 m by 1. 5 m and 
be located 0. 8 m above the floor 
and in front of the EUT. The field 

is calibrated by measuring the 
field strength at 16 equally spaced 
positions, using field probes. The 
field strength measured at 12 of 
the 16 points (comprising 75% of 
the uniform area) must be within 
a tolerance of -0 dB and +6 dB. 
The selection of this tolerance 
means that each point of the EUT 
must be tested with at least the 
defined field strength, and a max- 
imum overstress of+6 dB (which 
corresponds to+ 100%) is accept- 
able. 

EUTs which are smaller than 
1. 5 m may be tested in a smaller 
uniform area. If the EUT is larger 
than 1. 5 m, the uniform area can 
be moved and the complete di- 
mensions of the EUT can be test- 
ed partially. In this case, care 
must be taken that the anechoic 
chamber is large enough and that 
the setup and the operational 
mode of the EUT allow partial 
testing. 

During the design of the CDC, 
special care must be taken with 
the arrangement of the uniform 
area and the antenna inside the 
chamber. The type and dimen- 
sions of the antenna are as impor- 
tant as the interactions between 
the antenna and the chamber 
itself. Also, the integration of 
signal and power cables and the 
illumination must be arranged 
carefully so as not to influence 
the field uniformity. 

SHIELDING 
The desired field strength is pro- 
duced by using an RF generator 
which generates the frequency- 
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Figure 1. Area of Uniform Field. 

dependent signal. This signal will 
be amplified by a broadband am- 
plifier to produce the desired in- 
put power of the antenna. The 
transmitting antenna must be 
selected carefully to ensure that 
the uniform area can be illumi- 
nated sufficiently. 

The compact diagnostic cham- 
ber can be equipped with either a 
standard antenna set consisting 
of a biconical antenna (80 to 200 
MHz), and a small log periodic 
antenna or a large log periodic 
antenna which can cover the com- 
plete frequency range of 80 to 
1000 MHz. By selecting the sec- 
ond type of antenna, the complete 
test can be automatically per- 
formed without any interruption. 
If a log periodic antenna is select- 
ed, the dimensions of the CDC 
must be larger. 

In either case, the generated 
field strength is substantially 
higher than the legal limits for RF 
emissions. For example, a field 
strength of 10 V/m which corre- 
sponds to 140 dB p, V/m is about 
100 dB above the legal limit. Even 
a field strength of 3 V/m (129 
dBIIV/m) exceeds the limit by 
approximately 90 dB. 

The test setup, consisting of the 
antenna and the EUT, must be 
surrounded by a high perform- 
ance RF shielded enclosure. All 
openings of the shielded enclo- 
sure, especially the doors, must 
be connected to an interlock sys- 
tem which ensures that field gen- 
eration is possible only when all 
openings are closed. Also, all 
incoming and outgoing power and 

signal lines must be filtered to 
ensure that no undesired energy 
reaches the outside environment. 
Signal lines often require fiber 
optic technology to allow a suffi- 
cient data processing rate at a 
sufficient RF shielding effective- 
ness level. 

The CDC is designed according 
to a high performance RF shield- 
ing technology which results in 
attenuation values of more than 
100 dB in a frequency range of 30 
MHz to 20 GHz. Taking into 
account the frequency dependent 
span loss* and the damping effect 
of the absorbers, there is enough 
certainty in the design to meet 
legal requirements. 

ABSORBER MATERIALS 
The metal walls, ceiling and floor 
of the shielded enclosure cause 
significant reflections inside the 
enclosure. The resulting stand- 
ing waves have tremendous in- 
fluence on the field homogeneity. 
This effect might be prevented by 
removing the shielded enclosure. 
But, as discussed above, the gen- 
erated high power emissions may 
exceed the legal limits. Therefore 
the reflections and the standing 
waves have to be damped to an 
acceptable degree by using ab- 
sorber material inside the shield- 
' Span loss is the distance-dependent site 
attenuation between the transmitting an- 
tenna and the shielding of the CDC. 
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ed enclosure. All metal surfaces, 
including the floor, must be cov- 
ered with absorbers. 

The compact diagnostic cham- 
ber can be equipped with pyrami- 
dal foam absorbers, flat ferrite 
tiles, ferrite grids, or hybrid ab- 
sorbers. The typical reflectivity 
values of these types of absorbers 
are stated in Table 1. 

During the design phase each 
absorber type must be evaluated 
in terms of its unique features. 
Major aspects will be discussed 
in the following section and are 
summarized in Table 2. 

Pyramidal absorbers have to be 
at least 0. 5 m long to work prop- 
erly at the lower frequency of 80 
MHz. In comparison, ferrite ab- 
sorbers have a depth of 5 mm to 
20 mm depending on absorber 
type, material composition and 
structure. This is one of the main 
advantages of ferrite absorbers 
because all outside dimensions 
of the CDC can be decreased 
whereas the CDC using pyrami- 
dal absorbers can not. In addi- 
tion, the ferrite absorber shows 
extraordinary performance in the 
frequency range below 80 MHz. 
This allows good pre-compliance 
measurements for emissions test- 
ing starting at 30 MHz. 

The other significant advantage 
of ferrite absorbers is their non- 
flammability, which is as impor- 
tant for susceptibility testing as it 
is for emissions testing. Experi- 
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ence shows that absorbers can be 
set on fire by the direct electro- 
magnetic wave and by some res- 
onance effects inside the enclo- 
sure which can lead to an in- 
crease of local energy distribu- 
tion. RF power cables which are 
improperly located can also ignite 
absorbers. 

Floor absorbers are mandatory 
for electromagnetic susceptibili- 
ty (EMS) test sites, and can be 
built into false floors or moveable 
floor panels. Both of these alter- 
natives have disadvantages. 
Moveable absorber panels are 
placed on the permanent floor, so 
they must be partially reposi- 
tioned to install the EUT or to 
change the antenna. The use of a 
false floor above the floor absorb- 
ers results in inadequate perfor- 
mance due to the reflectivity of 
the false floor at higher fi. equencies. 

A third option is the integration 
of ferrite absorbers directly into 
the floor construction. The load 
capability is not significantly re- 
duced and the reflectivity level is 
maintained. A comparison of fer- 
rite absorbers and pyramidal ab- 
sorbers illustrates that ferrites 
are suitable for use in CDCs. In 
addition to the slightly lower price, 
the advantage of pyramidal ab- 
sorbers is that they can also cover 
the frequency range above 1 GHz. 
This expanded frequency range is 
important for manufacturers of 
products which operate above 1 
GHz, such as fast pulse genera- 
tors, oscilloscopes and high fre- 
quency measuring equipment. 

ly 600 MHz. In the intermediate 
frequency range the exact match- 
ing-of both absorber types is of 
utmost importance to prevent 
reflectivity 

drop due to mismatch. 
Equipped with hybrid absorbers 
with a total length of approxi- 
mately 30 cm, the frequency range 
is extended to cover 30 MHz to 40 
GHz. 

Taking into account the ab- 
sorber-dependent design param- 
eters of this type of CDC, it is also 
possible to first build a CDC 
equipped with ferrite tiles. The 
pyramidal portion of the hybrid 
can be installed later when mea- 
surements in the frequency range 
above 1 GHz are necessary. 

OTHER DESIGN 
PARAMETERS 
To complete the design of each 
individual compact diagnostic 
chamber, several additional fea- 
tures must be considered. Figure 
2 shows the most important pa- 
rameters. 

As discussed, the CDC is de- 
signed to fulfill the requirements 
for EMS testing. The pyramidal 
solution also enables pre-compli- 
ant EMI measurements starting 
at approximately 120 MHz. Due 
to the good performance of fer- 
rites at low frequencies, EMI mea- 
surements are possible starting 
at 30 MHz. 

The results determined in a CDC 
using ferrite or hybrid absorbers 
in the frequency range from 30 
MHz to 1000 MHz can be correlat- 
ed to either free space or free field 
conditions by using special cor- 

relation factors. To correlate the 
measurements to free field condi- 
tions they must be performed 
using an additional moveable 
ground plane on top of the floor 
absorber s. 

CDCs often have to be installed 
in existing buildings and the room 
dimensions must be taken into 
consideration. If space is limited, 
CDCs using ferrite absorbers are 
the optimum solution. On the 
other hand if the load capacity of 
the floor is limited, then the pyra- 
midal absorber solution is prefer- 
able. The existing or planned 
measurement equipment will also 
influence the design of the CDC. 

Other important considerations 
are the number of feedthrough 
elements and the layout of the 
necessary cables. These must be 
carefully integrated into the CDC 
system to ensure that no degra- 
dation of chamber performance 
can occur. 

In general, special equipment 
like automated turntables, EUT 
monitoring systems, antenna 
masts, and audio-video systems 
must be integrated carefully be- 
cause each type of CDC exhibits 
unique limitations. The integra- 
tion of these subsystems requires 
special knowledge about the prod- 
uct and the system to reach the 
guaranteed performance of the 
CDC. 

Without exception, the CDC 
mustbe designed around the EUT. 
Since the EUT can be a member of 
the ISM or ITE product family, a 
household appliance, a handheld 
machine tool or even a small com- 

Continued on page 287 
HYBRID ABSORBERS 
Hybrid absorbers are combina- 
tions of flat ferrite tiles and addi- 
tional foam absorbers. The pyra- 
midal product must be exactly 
matched to the ferrite to ensure a 
sufficient reflectivity of the com- 
bined absorber. The ferrite por- 
tion is active in the frequency 
range from 30 MHz to several 
hundred MHz whereas the pyra- 
midal absorber covers the fre- 
quency range above approximate- 
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Figure 2. Design Parameter for CDC. 
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