
TESTING WITH A NEAR-FIELD TABLETOP 
TESTER 

Comparisons of shielding performance data are essential to the design of system components. A near- 
field testing device expedites the generation of comparative data. 

George Trenkler, Texas Instruments, Attleboro, MA 

INTRODUCTION 

The development of a tabletop 
near-field tester enables the design 
engineer to obtain measurements on 
the performance of EMI shielding 
materials. This type of device is simi- 
lar to double TEM cells or "expand- 
ed coaxial wire" chambers designed 
for testing purposes. However, the 
near-field tester represents a depar- 
ture from the devices traditionally 
used since they exhibit poor perfor- 
mance at lower frequencies because 
of the impedance mismatch. Now, 
mismatch differences are less trou- 
blesome because the near-field tester 
produces an interference field with 
an inductor, and interference pro- 
duced is characterized by low imped- 
ance. 

Unlike the tabletop tester, the 
transmitting elements used in the 
TEM devices can be described as ei- 

ther the center conductor of expand 
ed coaxial cable with impedance of 

Zc&)~x = 60/~e log 1 0 (D/d) 

where D and d are the diameters of 
the inner and outer conductors re- 
spectively and e is the dielectric con- 
stant (1. 0 for air) (or an open dipole 
type antenna). Using factor X/2~ 
(where X is the wave length) as the 
distance the disturbance has trav- 
eled, the TEM or similar test fixtures 
will have Thevenin equivalent imped- 
ance in the range of kilo-ohms, 
whereby a loop antenna will yield 
milliohms. The surface impedance of 
the shielding materials (especially 
metals) is in the milliohms range. Sur- 
face impedance is defined as a resis- 
tance of the square with the thick- 
ness of one depth of penetration. 

This allows testing of all shielding 
materials at a higher excitation load. 

The tester very closely approxi- 
mates the conditions of actual use in 
which the stronger field created by 
the circuitry should be contained by 
an enclosure. The EMI shielding 
properties obtained with the tester 
can be extrapolated confidently if 
the material is a metal or a combina- 
tion of metals, as long as the engi- 
neer remembers that the "p, " value 
will decline as the test frequency in- 

creases. Also the skin effect must be 
considered. 

Extrapolation is not easy for high 
resistivity and high "p" materials like 
"Mu-metal" or "1040 alloy. " Also, 
the extrapolated prediction of shield- 
ing properties for materials made 
with flakes or powders is not recom- 
mended. If magnetic, this group of 
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Figure 1. Sources of Interference. 
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materials will have a large "distribut- 
ed gap. 

" 
If made of high conductivity 

materials, the materials will have 
very sensitive areas of contacts be- 
tween the platelets or spheres. At 
times, as in the case of oxidized cop- 
per, the material becomes a rectifier 
with nonlinear transfer characteris- 
tics. 

In summarizing the mechanisms of 
EMI shielding, the following concept 
is useful. {See Figure 1. ) Plotting the 
frequency of interference along the 
"X" axis and the efficiency of attenu- 
ation along the "Y" axis will reveal 
three defined regions within the elec- 
tromagnetic frequency spectrum. 
For each region, there is a specific 
method of EMI attenuation which is 
most efficient. In the dc, very low 
frequency region, the most impor- 
tant attenuation mechanism is shunt- 
ing the magnetic lines of disturbance. 
Specifically, the magnetic lines of the 
interfering field are rerouted in the 
high permeability material around 
the space to be shielded. This area is 
bounded by the curve "U. " At in- 

creased interference frequencies, the 
area in question is bounded by the 
curve "M. " 

In this area, the main 
mechanism of attenuation is absorp- 
tion of the interfering energy. For 
this process to occur, the interfering 
energy must be coupled to the ab- 
sorption media. This coupling pro- 
cess can be carried out efficiently by 
using a ferromagnetic material with a 
narrow hysteresis loop (i. e. , a soft 
magnetic material). The actual mech- 
anism of absorption takes place 
through the initial movement of the 
Bloch walls and the subsequent rota- 
tion of the magnetic. domain. At the 
even higher frequencies depicted in 
the area bounded by "R", the princi- 
pal mechanism of attenuation is re- 
f l'ection of energy, which occurs be- 
cause of the magnetic fields created 
by the eddying currents within the 
shielding material. The energy which 
creates these currents is derived 
from the interference itself. 

The efficiency of a specific mecha- 
nism of attenuation is indicated by 
the percentage value of the given 
curve. The absorption and reflection 
curves intersect at point "A. " This is 
an arbitrarily designated point denot- 
ing the performance of shielding ma- 
terials consisting of two components 
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Figure 2. Shielding Performance of Selected Materials. 
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(viz. , high conductivity material and 
soft magnetic material). The position 
of point "A" will move to the right if 

the resistivity of the conductive ma- 
terial increases or if the permeability 
of the soft magnetic material de- 
creases. Similarly, the inverse of 
these characteristics causes "A" to 
move to the left. Thus one sees the 
problems inherent in the use of a 
high conductivity material such as 
copper at low frequencies or in the 
use of "mu-metal" at high frequen- 
cies. These materials shield well at 
certain frequencies but not through- 
out the electromagnetic spectrum. If 
shielding were attempted with a ma- 
terial lacking both mechanisms (e. g. , 
"monel-400" with a conductivity of 
3. 4 percent IACS(21 C) and a Curie 
point suppressed by the copper to 
0') the EMI shielding, performance 
would be minimal. 
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Figure 4. Shielding Performance of Magnetic Trilayers. 

Figures 2 through 9 are based on 
data collected with the near-field tes- 
ter. Measurements were made in ac- 
cordance with the procedure out- 
lined in the ITEM Update 1988. 2 

Some of the graphs. for metals and 
alloys may look contradictory. This 
is not the result of inaccurate mea- 
surements, however; it is an indica- 
tion that the tested materials have a 
different chemical composition or 
different grades of purity. As a rule, 
the production variations in manu- 
facturing pr'actices become obvious 
when the material is used for EMI 
shielding. Thus, if 1 percent berylli- 
um is added to the copper, its con- 
duciivity will be reduced by approxi- 
mately 50 percent. Likewise, combi- 
nations of 0. 15 percent arsenic and 
0. 015 percent phosphor will reduce 
conductivity by approximately 55 
percent. In order of declining signifi- 
cance, . elements detrimental to the 
conductivity of copper are additions 
of phosphorous, iron, boron, silicon, 
arsenic, and beryllium. Zinc, gold, 
cadmium, and silver cause minimal 
change. High purity aluminum 

. (/1100 series) materials have ap- 
proximately 62 percent of the electri- 
cal conductivity of copper. This con- 
ductivity is reduced to 30 to 50 per- 
cent by additions of copper, nickel, 
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Figure 5. Shielding Performance of Monolayers. 

magnesium, zinc, silicon, etc. , and is 
even further reduced by tempering. 
It is advisable that when aluminum is 
used for EMI shielding that the con- 

ductivity of a particular alloy and its 
temper be considered. , 

For ferromagnetic materials, the 
main culprit is carbon — 0. 02 per- 
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Figure 6. Shielding Performance of Selected Monolayers. 
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Figure 7. Shielding Performance. 
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