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MIL-STD-285 Prediction for TEM-t
and H-t SE Measurements

INTRODUCTION
Awell-known technique for char-
acterizing the effectiveness of
shielding materials is based on
the MIL-STD-285 measuring
technique. This technique in-
volves measuring flat samples of
the material using alarge shielded
boxwitha 1 mx 1 mwindow. The
zero-reference measurement is
made with an open, unshielded
window; the measurement itself
is taken by covering the window
with the shielding material. The
measuring antennas are placed
at a distance of 12" (or about 30
cm) from the samples. This is
shown in Figure 1.

Magnetic, electric and plane wave
conditions are also measured.
Because of the 30-cm distance
between the antenna and the
sample, the transition of near field
to far field is at about 159 MHz.
Depending on the antennas used,
magnetic or electric field SE is
obtained below this frequency.

The disadvantage of this tech-
niqueisthe need foralarge sample
(about 1 m?) of the shielding ma-

terial. Other measuring tech-

niques need only small samples
(about 15 cm?).

This article describes a technique
for estimating MIL-STD-285 val-
ues using the results obtained
from these other SE measuring
techniques. '

TEM-t AND H-t CELLS

Farfield and near field conditions
may be simulated using small
test cells.’® For far-field condi-
tions, all test methods are based
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on the assumption that the ratio
of E-field/H-field (wave imped-
ance) is constant. Therefore, all
test cells are based on a coaxial
transmission line, where the ra-
tio of voltage and current (charac-
teristic impedance) is constant
(normally 50 ohms}.
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In the near field, measurements
may be taken in the E-field and
the H-field. Test methods have
been developed for both field con-
ditions. However, in terms of SE
theory, only H-field measure-
ments are relevant.

TEM-t CELL

Thistechnique isbased on ASTM-
D4935 and takes into account
the problems associated with this
standard measuring technique.
Avery simple and easy to use test
method has been developed to
simulate field conditions. The

" test cell (Figure 2) is based on a

TEM cell with an interrupted in-
ner conductor and a rectangular
cross section,

All measurements are taken in a
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FIGURE 1. Basic Test Setup for MIL-STD-285.
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FIGURE 2. Schematic Figure of TEM-t Cell.
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FIGURE 3. Schematic Figure of H-t Cell.
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FIGURE 4. Typical Examples of SE Values Obtained Using TEM-t and H-t Measuring

Cells.

non-contacting, capacitive
coupled manner for a variety of
materials. Samples must com-
pletely cover the outer flanges,
but smaller samples may be mea-
sured using special sample hold-
ers. Even for the reference mea-
surement, no sample preparation
is needed. A good correlation is
obtained with both theoretical
values and measured ASTM-
D4935/89 values and by apply-
ing a correction factor depending
on the cell construction.

This system (Figure 3) uses two
electrically shielded loop anten-
nas, each 3 mm from the sample.
The system is a closed system,
and the loop antennas are copla-
nar, so that the measurements
are taken under the same condi-
tions as the MIL-STD-285 speci-
fications. The system is sample-
compatible with the TEM-t; no
sample preparation is needed.
Typical measurements obtained
with both the TEM-t and the H-t
cell are given in Figure 4.
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FIGURE 5. Correction Chart for Other Distances: MIL-STD-285.% . -

1000 0 0
900 1 1
700 3 3
500 6 6
400 8 8
300 10 10
250 12 12
200 14 14
150 16 16
100 | 20 16
70 | 23 16
50 | 26 16
a0 | 28 16
30 | 30 16
20 | 34 16
10 | 40 16

TABLE 1. Correction Factors for a
TEM-t Cell.
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TRANSLATION TO
MIL-STD-285

Correction charts for the calcula-
tion of the MIL-STD-285 values
are available in current litera-
ture.? They give correction fac-
tors for SE measurements per-
formed at other distances (Figure
5). The rules given below may be
deduced from the characteristics
of the TEM-t and the H-t cells.

H-t CELL -

The distance from the loop an-
tenna to the sample is 3 mm. The
correction graph shows that for
frequencies lower than 159 MHz,
a correction of 40 dB must be
performed or the obtained SE
values may be shifted over 2 de-
cadestothelower end. Above 159
MHz, MIL-STD 285 conditions
apply to far field conditions, so
the results obtained from the
TEM-t cell should be used for
these far field (called plane wave)
conditions.

TEM-t CELL

Figure 4 shows that the direct
measurements using the TEM-t
cell simulate E-field conditions,
because of the resultant slope of

20 dB/decade, before correcting
for the cell characteristics. Using
these correction factors, far field
SE values are obtained. Correc-
tion factors are given in Table 1.

For MIL-STD 285 corrections, at
frequencies less than 159 MHz, a
constant correction factor of 16
dB must be used because MIL-
STD-285 conditions below 159
MHz are E-field /near-field condi-
tions.

EXAMPLE

TEM-t/H-t and MIL-STD-285
measured SE values are available
for two materials, a woven metal
plated textile {A] and a sintered
material [B]. They are summa-
rized in Table 2. ' ‘

The procedure for predicting MIL-
STD-285 values from TEM-t and

H-t measurements is as follows:

1. Shift the H-t values over 2
decades lower in frequency.

2. Add 40 dB to H-t values up to
159 MHz.

3. Correct TEM-t values for far
field conditions (above 159
'MHz) and for E-field condi-
tions (below 159 MHz) using
the correction factors in
Table 1. -

This procedure yields Table 3.

-Tables 2 and 3 are summarized in

Figures 6a through 6d.
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MIL-STD-285 PREDICTION . . . Continued

200 kHz 21 12
500 kHz 28 19
1 MHz 31.5 28
1.5 MHz 34 36
2.5 MHz 38 39
5 MHz 45 42
10 MHz 132 | 8 50 46
20 MHz 186 | 142 56 55
30 MHz 212 | 171 | 615 60
40 MHz 234 | 203
50 MHz 98.5 246 | 23.1 63 63
70MHz | 84 98 268 | 282
100 MHz | 84.4 97 286 | 334 69 72
150 MHz | 85.4 100 308 | 383 70 78
200 MHz | 82 103 324 413
250MHz | 820 | g9 334 | 432 | 705 84
300 MHz | 80.4 98 35 445
400 MHz | 808 98 36.4 | 44
500 MHz | 79.2 97 388 | 435 725 85
700 MHz | 763 91
900MHz | 758 92
1000 MHz | 72.8 90 73 91

TABLE 2. Measured SE Values for a Woven Metal-plated Textile and a Sintered

Material.

CONCLUSION

A prediction of the SE values in
accordance with MIL-STD-285
requirements (material samples
approximately 1 m? is possible
using measurements performed
on small samples within simple
test cells such as the TEM-t and
the H-t cells. However, it should
be mentioned that, due to the
small dimensions of the samples
(15 cm?), an average based on
more samples may be needed
before proceeding to predict MIL-
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STD-285values fora 1 m? sample

surface area.
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FIGURE 6. Measured SE Values and
Predicted MIL-STD-285 SE Values for
Materials A and B.
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100 kHz 132 8
200 kHz 18.6 1422 21
300 kHz 21.2 17.1
400 kHz- 234 20.3
500 kHz 24.6 23.1 28
700 kHz 26.8 28.2
1 MHz 28.6 33.4 315
1.5 MHz 30.8 38.3 34
2 MHz 324 413
2.5 MHz 33.4 432 38
3 MHz 35 445
4 MHz 36.4 44
5 MHz 38.8 435 45
10 MHz 53.2 48 50
20 MHz 58.6 54.2 56
30 MHz 61.2 57.1 61.5
40 MHz 63.4 60.3 |
50 MHz 64.6 63.1 63
70 MHz 66.8 68.2
100 MHz 68.6 73.4 69
150 MHz 70.8 78.3 70
200 MHz 68 89
250 MHz 70 87 70.5
300 MHz 70.4 88
400 MHz 72.8 90
500 MHz 73.2 91 72.5
700 MHz 733 88
900 MHz 748 91
1000 MHz 72.8 90 73

TABLE 3. Predicted MIL-STD-285 SE Values.
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