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Abstract—Challenges and limitations of off-normal reflectivity
measurements of microwave anechoic chambers are presented.
The NRL-Arch technique has been investigated for measurement
of WAVASORB® VHP-26 for extreme incident angles; e. g. 80°
for the frequency range of 1-20 GHz. It has been shown that the
standard test techniques such as NRL-Arch have limitations and
for extreme incident angles, simulation values are more reliable
in most of the cases. In some rare cases some advanced
techniques are available in the literature which are expensive and
can be recommended for special projects only,

L INTRODUCTION

Wideband microwave absorbers like pyramidal-shaped
ones are used to line the walls of anechoic chambers. The main
reason they are used in anechoic chambers is their very wide
bandwidth reflectivity behavior, which makes them the best
candidates for anechoic test rooms which are used for a variety
of different applications; However, their geometry and
wideband behavior puts some limitations on the measurement
techniques which could be used for these absorbers. To make
sure that the absorbers deliver specified reflectivity
performances, they are measured during the production process
for their reflectivity performance. Most of the tests done as
quality-control tests are done for close-to-normal incidence;
hence, the reflectivity performance reported in the technical
data sheets of different manufacturers are related to the close-
to-normal incidence of the electromagnetic wave onto a
metallic plate covered with absorber material.

However, as most of anechoic rooms have rectangular
geometries, the incident wave onto the anechoic chamber side
walls is not normal to the absorber surface and oblique
incidence is the norm. That explains the importance of the off-
normal incident behavior of reflectivity performance of
different absorber types.

However, when one tries to address oblique incident-angle
testing, there are factors which limit measurement uncertainty;

In this paper, we are going to review the different
techniques used for off-normal incidence measurement
techniques of microwave absorbers and emphasize the
limitations of those.
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Figure 1. Definition of off-normal incident reflectivity of
pyramidal absorbers; (a) Refrence measurement and (b)
measurment of the absorber under test.

The conclusion will help the community to choose
appropriate techniques depending on how extreme the incident
angle needs to be for a specific application.

After the introduction section, the problem is defined in
section II. In the sections of III to VIII different limitation
factors of the NRL-Arch setup in case of extreme incident



angles are investigated. Finally, some suggestions for
simulation techniques and alternative measurements methods
conclude the paper.

II.  DEFINITIONS

To make it clear when the reflectivity and specifically oft-
normal reflectivity is addressed, in this chapter the terms are
defined as shown in schematic drawings in Fig. 1. By
definition, to extract an absorber reflectivity at an incident
angle of 0, two measurements are to be done:

1* measurement: a plane-wave reflection against an infinite
flat Perfect Electric Conductor (PEC) plane

2" measurement: a plane-wave reflation against the same
infinite PEC plane, completely covered with the Absorber
Under Test (AUT)

Being a purely theoretical definition, the real-world
scenarios are putting some limitations on the test conditions,
resulting in measurement uncertainty factors which are
addressed in the rest of the current report. Note that the main
setup which is used in this paper to discuss the limitations of
off-normal reflectivity measurements is the NRL Arch setup; in
which two antennas are used to make the similar-to-plane
waves.

III. IMPACT OF THE ANTRENNA HEIGHT

In a real-world setup such as NRL Arch, instead of plane
waves, real antennas need to be used. One of the limitations
which can be seen in the Fig.2, is the height of the antennas
from the PEC backing plate. As shown, for large incident
angles, the antennas will touch the absorber tips, hence, the
definition of reflectivity collapses. To prevent this from
occurring, we need to make the radios of the Arch larger and
larger.

Figure 2.

Height-of-the-antenna limitaiton. The samples
size is still infinite.

To solve this problem, the height of the antenna from PEC
plate should be larger than the thickness of the AUT. The
physical dimensions of the antenna forces us to make H larger
than the AUT thickness. To have a real-world example,
WAVASORB® VHP-26, which is a heigh-performance
pyramidal absorber with a 26-inch thickness has been chosen
for our investigations. That means the antenna height should be
around 1 m at least. The minimum height of the antenna puts a

limitation on the maximum 6 when the sample size is not
limited.

IV. INDIFINITE INCIDENT ANGLE

Let’s assume, one is asked to measure the reflectivity of
WAVASORB® VHP-26 at an incident angle of 80 degrees and
in an Arch with a 2.5 m radios in the range of 1 GHz to 20
GHz; See Fig. 3.
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Figure 3. Indifinite angle of incidence at large incident

angles; i. e. 80°.

If one uses a ray approximation definition for the incident
and reflection waves:

1- the incident angle to the top and to the bottom (the
backing PEC plane) of the absorbers is different. This
difference gets larger as the incident angle increases towards 80
degrees.

2- when one tries to perform calibration against the backing
plate at 80 degrees incident angle, then the reflected wave from
the absorber sample comes from variety of angles in the range
between 80 and 95 degrees. Note that, this a 1% approximation
based on geometrical optics method.

To solve this problem, one may choose a larger radios for
the NRL arch setup. However, increasing the radios can add to
the sample size and the total complexity and cost of the setup.
That is why the incident angle becomes more and more
indefinite as the incident angle get larger and larger.

V. RADIOS OF THE NRL ARCH SETUP

Assuming 1m is the minimum height of the antenna when
one measures WAVASORB® VHP-26, we can calculate a
minimum radios for the NRL Arch setup. This minimum radios
is around 6 m as shown in Fig. 4. In this calculation, it is still
assumed that all the PEC plane continues to infinity and is
completely covered by absorbers. Note that the clearance
between the antenna phase centre and the tip of the absorbers is
only 34 cm which may not be sufficient for larger antennas
which are needed at lower frequencies.



Clearance = 34 cm

your 9z

=~ 1! Fresnel zone

MM

(b)
Figure 5. Defining the minimum sample size to get an acceptable measurement uncertainty acording to the IEEE
recommendation 1128. (a) 1% Fresnel-zone effective diameter. (b) simulation of the around 10 Fresnel’s zones.
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Figure 6. Non-symetric illimunation of sample uder test in an extreme incident angle regime.
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Figure 7.

1% Fresnel’s zone (the red ellipse) calculated for the effective time-domain gating of the direct coupling.
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The sample size will impact the measurement uncertainty
depending on the reflectivity level; refer to IEEE
recommendation 1128 for more details.

SAMPLE SIZE

In a real-world setup, antennas used for measurements
make spherical waves. To have an acceptable measurement
setup, the sample should cover at least the 1st Fresnel zone in
the whole frequency band. As shown in the Fig. 5 (a), the
minimum size of the AUT should be larger than 6 m if one
wants to cover the 1st Fresnel zone at 1 GHz. In the same
figure the term “effective Fresnel’s zone dimeter” is used
which is the size of the blockage needed to block the 1%
Fresnel-zone diameter ellipsoid along the PEC-plane direction.
As shown in Fig. 5, the larger the incident angle gets, the larger
the sample size should be. It is correct that covering the 1
Fresnel zone is a must, however, to get better uncertainty
levels, one should cover larger numbers of Fresnel’s zones
which results in a larger sample size needed.

VIL

To limit the sample size to the 1%-Fresnel-zone effective
diameter and reduce the sample size, one may suggests to use

ANTENNA PATTERN

In the extreme incident angles, 80° here, the Baffle blocks some part of the wanted signal; i. e. the green ellipse.

high-gain antennas. To have an acceptable uncertainty, by
having a relatively uniform field distribution along the absorber
sample, one needs an antenna with a 3-dB (better 10-dB)
beamwidth of 12.5 degrees in whole frequency range; see Fig.
6.

However, at the extreme incident angles, e. g. 80°, the
right-side half of the absorber sample is completely
experiencing a different condition compared to the left-side
half.

In order to reduce this problem, it may seem possible to use
antennas with very high gains, i. e. very small 3-dB
beamwidth; However, this will result in a non-uniform incident
field across the absorber sample or not sufficient number of
pyramids being shined with the incident wave, resulting in
reflectivity-definition collapse.

VIIL

One of the major issues faced when an Arch setup is used
in extreme incident angles, e. g. 80° is the direct coupling
between the two antennas. To reduce this direct coupling two
techniques can be used:

COUPLING BETWEEN THE TWO ANTENNAS



A. Time-domain gating

As shown in the Fig. 7, the time-domain gating gets
inefficient as the extreme incident angles are approached. That
means, when the operator tries gate out the direct coupling,
some part of the wanted signal, i. e. the reflected/scattered
signal from the tips of the absorber, gets into the time-domain
gate. To get a better efficiency, we need to increase the Arch
radios. Based on the practical tests it has been shown that the
maximum incident angle which could be measured with an
acceptable uncertainty is around 65° to 70°. Note that these
angles could be achieved by using an arch with a radios of 10
m.

B.  Using a baffle in between the two antennas

Another technique which could be used to reduce the direct
coupling between the two antennas is to block the direct path
by putting a physical obstacle between the two antennas. This
technique has its own limitations. To be able to use a baffle to
block the direct coupling between the two antennas, at least the
1% Fresnel zone, the red ellipse, should be blocked. However,
as shown in the Fig. 8, the baffle would block some part of the
needed power, the green ellipse, as well. That means the baffle
will impact the measurement results in an unknown manner;
specifically when the Baffle block some part of the Istr
Fresnel’s zone.

IX. CONCLUSIONS

1-  Due to the physics of the problem, measurement of the
off-normal reflectivity of absorbers, e. g. VHP26, in
the range, at extreme angles, e. g. 80° has been
investigated and been shown not to be practical.

2-  An Arch setup capable of doing such a measurement:

a. should be vary large, e. g. with a radios of
more than 6 m

b. needs a large samples size of at least 6 m

c. needs antennas with very large gains and vary
low side-lobe levels

3- an alternative solution is explained in [2]. Note that, this
technique needs a relatively complex and accurate scanner and
an expensive post-processing step to extract some values for
the reflectivity.

Moreover, the question which will remain open is: are the
results representative for reflectivity values of the absorbers as
experienced in the real applications?

4- Based on the authors experience and the content of the
current report, it is suggested that to use a combination of
close-to-normal measured reflectivity values and accurate off-
normal simulations techniques to get the best understanding of
the absorber behaviour in the extreme off-normal incidence
regime.
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