
SHIELDING EFFECTIVENESS OF VARIOUS 
MATERIALS AS MEASURED WITH THE NEAR 
FIELD TESTER 

The use of a near field tester enables the engineer to collect measurements quickly and accurately. 

George Trenkler, Texas Instruments, Attleboro, MA 

INTRODUCTION 
The test procedures for determin- 

ing the EMI shielding efficiency of 
various materials can be complicat- 
ed. It is almost impossible for a de- 
sign engineer to obtain quick and ac- 
curate measurements on the perfor- 
mance of the shielding materials. 
This problem can be overcome by 
substituting a less cumbersome 
method for the usual test proce- 
dures. The data obtained must be 
compatible with the original method 
or easily interpreted for use with oth- 
er systems. To accomplish these 
goals, a near-field EMI tester has 
been designed (Figure 1). The tester 
is a table-top instrument utilizing the 
inductive coupling of two coils. The 
amount of coupling is inversely pro- 
portional to the electromagnetic 
shielding property of the test sam- 
ple. 

THE NEAR FIELD TESTER 
The basic tester consists of a pair 

of coaxial coils 18. 4 mm (0. 725 inch) 
in outside diameter, wound on Tef- 
lon cylinders in a groove 5. 1 mm (0. 2 
inch) wide, and 3. 2 mm (0. 125 inch) 
deep. Separation between coil faces 
is exactly 10 mm. Each coil is sur- 
rounded by a tubular shield of an- 
nealed mu-metol a/loy. The shield is 
50. 8 mm (2. 0 inches) in diameter and 
63. 5 mm (2. 5 inches) in length. It has 
a thickness of 0. 25 mm (0. 010 inch). 
This first shield is surrounded by a 
second shield of identical material, 
with the same thickness and length 
(the two shields are separated by 
0. 08 mm [0. 003 inch] thick Mylar). 
Each coil within the shield is sur- 
rounded by a 12. 5 mm (0. 5 inch) 
layer of silicone rubber in a 1. 3 mm 
(0. 050 inch) thick tube of 49 permal- 
loy and enclosed in a box made of 
1. 3 mm (0. 050 inch) copper/invar/ 
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Figure 1. Near Field EMI Tester. ' 

copper composite metal. These 
boxes are mounted on the base so 
that the axes' of the coils are posi- 
tioned on a single line (Figure 2). One 
box should be mounted so that the 
distance between the coil faces can 
be changed. 

The gap between the coils (and 
between their respective shields) is 
covered on each side by a sheet of 
felt to permit easy insertion of sam- 
ples and to prevent accidental dam- 
age to the coils. The felt also pro- 
vides a means for repeatable posi- 
tioning of the sample, which is very 
important for EMI testers with a 
short gap between coils. The test ap- 
paratus has been built in such a way 
that the pairs of these test coils can 
be interchanged. Basically three 
pairs of coils are used: 
~ 0. 125 mHy coils for the frequency 

range of up to 1. 25 MHz (reso- 
nance of the coils is at 1. 8 MHz). 

~ 1. 25 mHy coils for the frequency 
range of up to 200 kHz (resonance 
of the coils is at 0. 5 MHz). 

TEST PROCEDURE 

The measurement starts with the 
establishment of the zero reference. 
The excitation coil is fed with a sinu- 

soidal signal, and the output of the 
sensing coil is monitored. The excita- 
tion level input is limited by the phys- 
ical size of the coil. Optimum output 
values are between — 30 and — 10 dB 

~ 9. 12 mHy coils for low frequency 
(resonance is at 0. 175 MHz). 

The excitation coils should be 
driven from a source of 50 ohms 
internal resistance or less. A power 
stage made from an integrated pow- 
er amplifier is used as the driver and 
produces a clean sinusoidal output 
up to 300 kHz. Power for the device 
is supplied from 12 D-size Ni-Cd 
cells. The whole stage, including the 
power pack, is encased in a box 
made of 0. 050-inch thick shielding 
material (Cu-lnvar-Cu), which allevi- 
ates problems with leakage of the 
excitation signal. 
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Figure 2. Construction of Near Field Tester. Figure 3. Built-in 30 dB Amplifier. 

~ EMI/RFI Shielding 
~ Zinc Arc Shielding 
~ Electroless Copper/Nickel Shielding 
~ Conductive Coatings 

~ To Meet Tempest Requirements 
~ To Meet MIL Specifications 
~ To Meet FCC, VDE, CISPR Standards 
~ Engineering Assistance 

~ ~ ~ ~ ~ 

~  ~ ~ ~ 

~ ~ ~ ~ 

~/AW Corporation 
P. O. Box 2400 West Lafayette, Indiana 47906 

(317) 497-6346 

Circle Number 15 on Inquiry Card 

has the answer 

to all your shielding coating needs 

(as read across the sensing coil — 0 dB 
= 0. 7746 volts rms). This value cor- 
responds to the field strength of up 
to a few gauss at the surface of the 
sample. Obviously, no field strength 
changes are tolerable while the test is 

underway. It is possible to provide 
the tester with the second sensing 
coil to achieve self-leveling action. 
However, the use of a stable output 
oscillator produces a stable zero 
reading without a second sensing 
coil. The field tester has a built-in 

preamplifier, which will provide 30 
dB gain over the test range if amplifi- 
cation of the voltmeter is not suffi- 

cient (Figure 3). Selection of the out- 
put is made with a toggle switch. The 
initial zero reading is recorded. (For 
convenience, a zero reading on cor- 
responding scales is used. This desig- 
nation results in a — 10, — 20 or — 30 
scale; but any other number can be 
used as zero reference. ) Considering 
that the scales of attenuation are 
very large, all readings are made in 

decibels, or converted to this mea- 
sure. Without changing any setting, 
the sample of the material to be test- 
ed is inserted in the slot between the 
coils. The minimum recommended 
size of the sample is 4. 0 x 4. 0 inches, 
the optimum is 5. 0 x 5. 0 inches. Also 
larger size samples can be used but 
they should be grounded at high fre- 

quency. A second reading is taken. 
The difference between the readings 
is the amount of attenuation pro- 
duced by a given shielding material. 
Readings are taken at all needed fre- 
quencies with subsequent readjust- 
ment of the zero setting. The mea- 
surements can be made in a wide 
band or a weighted mode. This mod- 
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Figure 5. Shielding Performance of Copper and Aluminum Foils. 

Figure 4. Shielding Performance of Copper-Magnetic Material-Copper Tri-layers. 

el of the tester has a dynamic range 
of up to 85 dB in wide band mode. 
Obviously, measurements can be 
made with a signal analyzer for more 
precise results. 

For this setup the following equip- 
ment is used: HP f3410-A AC mi- 

crovoltmeter or an HP f334-A dis- 
tortion analyzer in voltmeter mode. 
It is good practice to supply line volt- 
age to the voltmeter through a con- 
stant voltage ferroresonant type 
transformer in order to reduce inter- 
ference ( 

— 40 dB, as measured in one 
laboratory). 

Some peculiarities do occur with 
this system. First, it does not have an 
aperture effect, which is unwanted 
attenuation due to the geometry of 
the test window. Experience puts 
this value at 12 dB for a 24 x 24 inch 
window for the NSA-65-6 test proce- 
dure. In other words, after reference 
measurement in free air is estab- 
lished and after the excitation/sens- 
ing coils are positioned through the 
window, the reading will be lower. 
Secondly, the resolution area is less 
than one square inch as compared 
with four square feet in the standard 
test procedure. The result is a con- 
siderably finer resolution of the ma- 
terial's shielding properties on a cer- 
tain area of its surface. In contrast, 
the standard test yields an average 
shielding performance of the test 
sample. Specific shielding data mea- 
sured with the tester are given in 
Figures 4 through 8. 
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Figure 6. Shielding Performance of 725 Alloy, Berilco, Copper 107 and 70% Cu- 
Brass. 
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Figure 7. Shielding Performance for Cu-42 Alloy-Cu Sandwich. 
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Figure 8. Shielding Performance For Cu-lnvar-Cu, Cu-42-Cu, Woven Mesh. 

CON CILUSIION 

A computer program allows con- 
versions from obtained data to the 
values produced by the other testing 
procedures. On the whole, the use of 
the near field tester allows the user 
to monitor the shielding perfor- 
mance of the material used with 
minimum cost and time. The device 
can be used for incoming and outgo- 
ing inspection, or as a QC tool be- 

tween production processes such as 
annealing. The tester, if built correct- 
ly, produces more accurate results 
than the standard procedures. Test- 
ing is limited to the upper limit of 100 
to 300 kHz. (However, if an appro- 
priate drive can be provided, this up- 

per testing frequency can be expand- 
ed. ) 

This type of testing is not done at 
higher frequencies because in this 
range combinations of shielding ma- 

terials, copper is used consistently. 
The reflective mechanism of shield- 

ing in which copper or high electrical 
conductivity materials such as alumi- 

num or silver are used starts at 7. 0 to 
15. 0 kHz. Thus it follows that if 

shielding material of the copper 
sandwich type works well in the 
range of up to 100 kHz, it will do so 
at any frequency. There is no physi- 
cal basis for expecting otherwise. It is 
noted however that this principal 
does not apply to materials made of 
fine conductive powders or flakes, 
where the contact between the parti- 
cles is not ohmic, 8 

Note 

Additional information and corre- 
lation of the above described tests to 
the standard procedures can be 
found in the proceedings of the IEEE: 
IMTC-86, "Characterization of Met- 
als as EMC Shields" by G. Trenkler 
and L. McBride. 
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