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Abstract— Indoor antenna ranges must have the walls, floor and
ceiling treated with RF absorber. The normal incidence
performance of the absorber is usually provided by the
manufacturers of the materials, however, the bi-static or off angle
performance must also be known. Some manufacturers provide
factors at discrete electrical thickness for a discrete range of
incident angles. This approximation is based on the curves
presented in [1]. In reference [2], a polynomial approximation was
introduced.

In this paper, a more accurate approximation of absorber
performance is introduced. Pyramidal RF absorber is modeled
using CST’s frequency domain solver. The numerical results are
compared to results from other numerical methods. The highest
reflectivity of the two principal polarizations for a given angle of
incidence and thickness of material is calculated. Different
physical thickness pyramids are modeled. Once the worst case
reflectivity is calculated, a polynomial curve fit is used to derive a
set of equations that provide the bi-static performance for
absorber as a function of angle of incidence and thickness of
material. The equations can be used to predict the necessary RF
absorber to treat the walls of an indoor range.
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L INTRODUCTION

RF absorber is used in indoor ranges to reduce reflection
from certain areas of the range to create a free space condition
for testing. Most manufacturers provide data on the normal
incidence reflectivity where the absorber performance is
optimized. The pyramidal shape of the absorber helps the
electromagnetic (EM) wave penetrate into the absorber where it
is transformed into thermal energy and dissipated. Once inside
the absorber, the EM energy induces currents into the lossy
particles diffused in the substrate. The most common absorber
construction is a substrate of polyurethane foam impregnated
with a lossy agent such as carbon particles dispersed throughout.
The foam is cut in pyramidal shapes to ensure a smooth
transition between the free space and the lossy material [3]. In
most applications of absorber in indoor ranges it is important to
know its bi-static reflectivity for oblique angles of incidence.
Figure 1 shows the general geometry of absorber pyramids being
illuminated by an incident plane wave.

Figure 1. General geometry of an incident wave onto a RF absorber
field.

Figure 1 shows that the incident wave can be decomposed into
two principal polarizations: a perpendicular (E F) and parallel
(E |). The nomenclature indicates whether the E-field is parallel
or perpendicular to the scattering plane. The main reflected
energy from the pyramid will be in the bi-static direction [4];
which is the subject of this paper as opposed to backscattered
energy. Backscattering occurs when the tips of the pyramids are
one wavelength apart. In this paper, the polynomials being
developed to describe the pyramidal absorbers are intended to
describe the bi-static reflected energy, not the backscattering

[4].

II.  PROCEDURE AND NUMERICAL METHODS

The process to generate the equations involves a series of
numerical analyses of different absorber thickness and materials.
Pyramidal absorber is commonly constructed with a height to
base ratio of 2.5. Thus, the longer the pyramid, the wider the
base. This is done for mechanical reasons as different absorber
heights are loaded differently. A physically large pyramid is
usually less lossy than a physically small pyramid. This is related
to the skin depth effect (). If a large pyramid, for example 72
inches. (1.82 m) tall, is heavily doped with lossy material, as the
frequency increases there will be less penetration of the wave
into the pyramid as shown in equation (1)
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o (1)

where u, the permeability, is constant for a polyurethane
pyramidal absorber and equal to w,. As the frequency (f)
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increases, the incident wave penetrates less and less into the
pyramid causing less and less absorption of the EM energy.
Figure 2 shows 6 versus frequency for the typical materials used
in 12 inch and 72 inch pyramids. The real part of the
permittivity is also shown in Figure 2. The difference in
penetration shows that if a 72 inch pyramid was heavily loaded,
there will not be much penetration of the EM energy, thus the
lossy volume will be greatly reduced. Additionally, the higher
loading creates a much higher mismatch with free space at the
lower frequencies where the larger absorber is designed to
operate.
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Figure 2. Skin depth and Permittivity for the typical materials used in
making 72 inch and 12 inch absorber. At 200MHz the wave will
penetrate all the way into the 72 inch pyramid if properly loaded. If
loaded as a 12 inch pyramid, the wave will only penetrate less than
10cm.

The different materials utilized for different sizes of
absorber make the measurement of materials difficult. Since the
material properties are not constant with frequency, scaling
becomes a problem as it has been described in the literature [5].
It is therefore difficult to measure the oblique incidence
performance of physically large pyramids at the low end of the
UHF range, as the sample must cover a very large area for a
measurement. Figure 3 shows a picture of a set up to perform
oblique incidence measurements at very wide angles of
incidence.

Figure 3. A set up for measuring oblique incidence of RF absorber at
X-band (author’s private collection).

Figure 3 shows one of the problems with oblique incident
measurements. The direct coupling between the antennas
cannot be easily gated out at large angles of incidence as the
angles get wider and the direct and reflected paths get closer in
length as Figure 4 shows.
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Figure 4. The measurement set up at a wider angle (70°) showing how
close the direct and reflected paths are making it impractical to time
gate out the direct coupling between the measurement antennas
(author’s private collection).

To obtain the bi-static reflectivity of pyramidal absorber,
numerical methods have been used. Sets of data were obtained
from these numerical results. The data was then used to generate
the polynomial approximations. A Matlab script based on the
method described in [6] was used together with the FEM solver
in CST Suite. The first method was a low frequency
approximation where the absorber was treated as a series of
layers of effective permittivity. The approach was validated in
[6]. The second method utilized a full wave analysis based on
finite elements. In addition, the time domain solver of CST was
used to compare the results at normal incidence for further
validation of the methods. Two different methods were used to
get a level of confidence that proper results were being
obtained. While normal incidence data can be compared with
the manufacturers’ measured data, there is no readily available
measured data for oblique incidence. A variety of pyramidal
absorber geometries were analyzed. The typical geometries
between the physical sizes of 8 inches and 36 inches (20.32cm



to 91.44cm) were modeled from 50MHz to 6GHz. The
numerical results are analyzed in the next section

III. NUMERICAL RESULTS

A model of the absorber was prepared using CST Suite.
Periodic boundary conditions and Floquet ports were used to
excite the structure. While only a single pyramid was modeled,
the results for the bi-static reflectivity should be the same as an
infinite wall of absorber, i.e. electrically very large wall. The
angle of incidence of the excitation varied from 0 degrees to 85
degrees. Both principal polarizations were modeled. Figure 5
shows the results for parallel polarization for the frequency
range between 50 MHz and 6 GHz for an 8 inch pyramidal
absorber.

Parallel Bi-static 8" absorber (CST solution)
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Figure 5. Reflectivity as a function of frequency for different angles of
incidence for parallel polarization for an 8 inch pyramid modeled in
CST Suite.

Using the method described in [6], a similar pyramid was
modeled. Figure 6 shows the result for that different numerical
approach.

Parallel Bi-static 8" absorber (Kuester and Holloway)
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Figure 6. Reflectivity as a function of frequency for different angles of
incidence for parallel polarization for an 8 inch pyramid modeled using
a low-frequency approach.

In Figure 7, the results from both methods are compared.

8 inch absorber comparison normal incidence
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Figure 7. Comparison of both numerical techniques for an 8 inch
pyramid at normal incidence and at 45° for both polarizations.

There are some differences between the methods, especially at
higher frequencies. At those frequencies, the CST FEM
simulation includes the effects of backscattered energy which
the low-frequency approximation does not show. It should be
noted that both methodologies show reflectivity numbers in



excess of 60 dB. Measurements at normal incidence have
shown that these levels are rarely achieved due to imperfections
in the loading and manufacturing of pyramidal absorbers. Most
manufacturers specify the reflectivity numbers at (50 to 55) dB.

The two methodologies provide comparable results thus
increasing the confidence on the numerical results. The next
step was to model several pyramids of different heights. The
data was analyzed. For each angle of incidence, the highest
reflectivity level was chosen for a given electrical thickness of
absorber and angle of incidence. The results of this exercise are
shown in Figure 7. The data in Figure 8 is very similar to the
approximation presented in [2]. That data used a combination
of limited computed results and some of the guidelines given in
[1] to generate the approximations. The data in [2] was
developed for anechoic chamber sizing. Thus, the reflectivity
levels were increased to take into account disruptions in the
absorber field caused by light fixtures, A/C penetrations, doors,
etc. that you find in a typical indoor range.

IV.  GENERATION OF THE POLYNOMIAL APPROXIMATIONS

For the data plotted on Figure 8, the maximum reflectivity
was set to -55. Then, a set of curve fitting exercises were
performed. First, the curve for each thickness was fitted using a
3" to 5 order polynomial. Figure 9 shows the results of these
steps showing the polynomial curve fit.

RF absorber computed bi-static
For each electrical thickness chose highest reflectivity of 8, 12,18, 24, and 36 inch
izations, parallel and p i

For each of the two chose highest reflectivity

o
o

Reflectivity (dB)

s . A . .o y

45 ~—1+ — e e 701
-50 3o -1 ’ . S .
. 1= 3 B 2R P B f (R 10.0%

B . '

-55

60 7 -
0 5 10 15 20 25 30 35 40 45 50 55 60 B85 70 75 80 85
Angle of incidence (degrees)

Figure 8. Results of analysis of the sets of data computed for different
pyramids, polarizations, and angles of incidence.

Computed data (forced to have a minimum of -55dB) and polynomial curve fit.
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Figure 9. Polynomials and original data from the simulations. The data
from the simulations has been forced to have a minimum value of -
55dB

The coefficients of these polynomials are a function of the
thickness of the pyramidal absorber. Hence, curve fitting can
also be used to obtain a set of equations that will provide the
coefficients for the polynomials depending on the thickness of
the material.

The general equation for reflectivity will be given by the
following equation:

R(dB) = Co(t) + C1(£)8 + C, ()02 + C53(2)63
+C,(£)0* + Cs5(£)0° )

where ¢ is the thickness of the material in wavelengths. In the
cases where 3™ order or 4" order polynomial fits were used, C,
and Cs were set to zero for the next step of the procedure. The
first coefficient C,(?) indicates the reflectivity at normal
incidence. The coefficient can be approximated by:

C,(t) = —54.98 4 55.21¢ 707744t 3)

The next coefficients were approximated by polynomials of
a maximum 7th order. In general, the coefficients in (2) have the
following form:

Cp=A,+ At + Ayt? + Agt3 +
+A t* + AstS + Agt® + A7 4)

The following table shows the values of the coefficients for
the polynomials that describe the coefficients in equation (2).
For 0.25A<t<2 the values are

TABLE 1. COEFFICIENTS FOR EQUATION (4): 0.25A<¢<1.8\

Ci C G Cs Cs
Ay -6.32E+00 7.69E-01 -2.69E-02 3.51E-04 -1.55E-06
Ay 7.23E+01 -8.66E+00 3.02E-01 -3.94E-03 1.74E-05
As -3.23E+02 | 3.84E+01 -1.33E+00 1.74E-02 -7.71E-05




As 7.31E+02 | -8.67E+01 | 3.00E+00 | -3.92E-02 1.74E-04
Ay -9.18E+02 | 1.09E+02 | -3.76E+00 | 4.92E-02 | -2.19E-04
As 6.42E+02 | -7.63E+01 | 2.63E+00 | -3.44E-02 1.54E-04
Asg -2.34E+02 | 2.78E+01 | -9.58E-01 1.26E-02 | -5.62E-05
A 3.43E+01 | -4.10E+00 | 1.41E-01 -1.85E-03 8.30E-06

TABLE II. COEFFICIENTS FOR EQUATION (4): 2A<t<18\

C G ] Cs Cs
Ao

-1.39E+00 2.03E-02 7.63E-04 | -2.42E-05 1.63E-07
A 3.07E+00 | -2.45E-01 7.31E-03 -8.18E-05 3.08E-07
Az -1.23E+00 1.17E-01 -3.86E-03 4.79E-05 | -2.01E-07
As 1.77E-01 -1.86E-02 6.46E-04 | -8.34E-06 3.61E-08
Ad -1.00E-02 1.23E-03 -4.53E-05 5.99E-07 | -2.62E-09
As 4.92E-05 -2.29E-05 1.05E-06 | -1.46E-08 6.34E-11
As 1.51E-05 -8.66E-07 2.01E-08 -2.36E-10 1.10E-12
A7 -3.96E-07 3.08E-08 -9.25E-10 1.18E-11 -5.35E-14

Using these approximations, the results were compared to
the computed data. In Figure 10, the original maximized
computed data with a -55 dB minimum was compared with the
data from (2) using (3) and (4) to determine the coefficients of
(2) using the coefficients on Tables I and II. The results show
good agreement. The predicted reflectivity from equation (2)
exceeds in some cases the computed values by 5 dB. When using
these approximations, it may be a good approach to add a 5 dB
margin of safety for absorber thickness in excess of 1.5A.

A test of the equations is to choose a specific angle of
incidence and then generate a reflectivity versus frequency for a
given absorber thickness to compare how well it predicts
performance. Figure 11 shows the comparison and also a few
data points from an absorber manufacturer.

Computed data (forced to have a minimum of -565dB) and polynomial curve fit.
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Figure 10. Results from equation (2) compared to the numerical
results.
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Figure 11. Comparison of numerical results at 45 degrees with the

polynomial in equation (2) and manufacturer’s data points

The prediction for this particular angle of incidence is fairly
good. The values from (2) are close to the manufacturer’s data
points and it follows the trend of the computed data. The
equations and coefficients provided in this paper can be used to
estimate the reflected energy levels from the walls of absorber
in an indoor range. There is a slight discontinuity at the point
where the absorber is 1.8A.

The results are not intended to be exact, but to allow
designers of indoor ranges to correctly estimate the absorber
thickness required in different walls of the anechoic chamber to
provide the required level of reflected energy.

V. CONCLUSIONS

A set of polynomials have been developed to provide a
estimated value for the bi-static reflected energy from surfaces
covered with RF absorber. The polynomials are a function of
the angle of incidence and of the electrical thickness of the
absorber. The equations are not exact; they are intended to
provide engineers with an estimate for the reflected energy that
can be expected from a wall of absorber. They should be used
to help engineers choose the right absorber thickness to treat a
given surface. Additionally, these equations are for pyramidal
absorber and should not be used when wedge type absorber is
being used.
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