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ABSTRACT

Testing the performance of Radar Absorbing M%aterials (RAM) is often a difficult task
and in most cases the manufacturer’s speciﬁcatizons are the only source of performance
data. This paper presents a method of measuring the normal reflection coefficient of planar
RAM using a Hewlett-Packard 8510A Vector Network Analyzer and a small horn antenna.
The Vector Network Analyzer is used to cancel the reflections from discontinuities in the
signal path from the source to the RAM sample le%aving only the reflections from the RAM
sample. Using this approach, information can bfe gathered over a wide bandwidth very
quickly and comparisons between RAM samples gdone easily.

RESUME

Vérifier la performance d’'un Matériel absorbanit d’ondes radar (MAR) est une tache
difficile et les spécifications fournies par le manufacturier sont la seule source valable
d’information de données. Ce rapport décrit dne méthode qui permet de mesurer le
coefficient de réflexion normal des échantillonsien utilisant un ‘Vector Network Ana-
lyzer’ (VNA) modele 8510A fabriqué par Hewlétt-Packa.rd et une antenne micro-onde.
Le ‘VNA’ est employé pour éliminer les réﬂexic;%ns provenant de discontinuités dans les
trajectoires entre la source et le MAR, laissant selillement les réflections directes provenant
du matériel absorbant. En utilisant cette technique, il est possible d’obtenir rapidement
de Pinformation sur une grande bande de fréque:nce et de comparer facilement différents

échantillons de matériel absorbant.
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. EXECUTIVE S'I:JMMARY

Radar AbsorBing Meitexiéﬂ (RAM) can be usedl to reduce the radar echo from military
platforms by partially. absorbing incident ra.da.r[ 51gnals Several manufacturers are now
supplying RAM to Canadian and other forces for application to ships and aircraft. A
- need for a method of testlng the performance of RAM supplied to the Canadian Forces
has arisen. : ' % ' .
To solve this problem a novel methot;l for measuring the absorption of RAM
which uses a vector network analyzer was tested. This technique is an improvement of a
prevxously reported technique which used a scalar network analyzer.
A discussion of computatlonal technlques for analyzing RAM is provided to
introduce the idea of equwalent surface 1mpedapce at the air-dielectric interface.
“Examples of measurements are incl'udea for three types of RAM and for a metal -
plate. Anomolies in the metal plate rneasurements are due to multiple reflections between
the metal plate and the signal path dlscontmultles The measurements display the same
characteristics as the typlcal curves provided by{the RAM manufacturers for each type of
RAM. For the first two RAM samples, which rely on some phase cancellation to work, a
null is found at a spec1ﬁc frequency dependent on the type of material and its thickness.
For electrically thick absorbers the attenuation curve is- more constant with frequency as

-

shown in the measurements of the thlrd absorbe .
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where w is the radial frequency of the excitation. A table of permittivity values for some
common materials is shown in Table 1 [1]. These values can only be related to the
macroscopic or overall scattering prL)perties of the surface if the material is homogeneous.
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Material

f{(GHz) | ¢ e’

amber (fossil resin)

3 260 0.23

fiberglass BK-174

3 440 0.13

10 437 0.16

glass, phosphate

3 5.17 | 0.024

10 5.00 | 0.021

Lucite HM-199.

3 2.57 | 0.0126

10 2.57 | 0.0082

Neoprene Compound

3 4.00 | 0.135

10 4.00 | 0.105

Plexiglass 3 2.60 | 0.015
10 2.59 | 0.175
Polystyrene 3 2.55 | 0.00085
10 2.54 | 0.0011
Teflon 3 2.10 | 0.0003
10 2.08 | 0.0008
Water 3 80.5 | 25.0

10 38.0| 39.0

Table 1: Values of Permittivity of some Common Materials.

RAM

Metal

Figure 1: Model for Backscattering from RAM
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3.0 MEASUREMENT
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cable to network analyzer

SMA connector

coax-waveguide transition
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RAM sample

metal

Figure 3: A’ RAM measurement System

the arch. It is difficult to use this type of measurement system on an operational target
such as an aircraft fuselage. ’

A more appropriate method for measuring RAM in situ would be to use a single
microwave applicator right at the suLface of the RAM and to measure the power reflected
into the applicator. This method can be used to compare the reflections from different
surfaces but the measured results will not be the same as with the NRL arch since the
sample is not in the far field of thé antenna. A possible applicator is a horn antenna
placed directly onto the surface of the RAM as shown in Fig. 3.

A schematic drawing of the equipment used for reflection measurements with

a scalar network analyzer is shown'Lin Fig. 4. If measurements are taken with a scalar

network analyzer the reflections from the coax-waveguide junction and the horn aperture
are large and mask the return from the material under test. The transmission line model
of the discontinuities is shown in Fig. 5. It was found that the dynamic measurement
range of this type of apparatus was less than 15 dB. This could be improved by using
better quality components but it was felt that better results could be obtained using the
vector network analyzer.

An improvement on. the measurement method using a scalar network analyzer
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coellicient since it can be used to cancel the reflections from the interfaces between the

cable and horn.
The cancellation is done by first pointing the horn into free space and measuring

the reflection coefficient. This measurement will|include reflections from cable junctions
and from the various discontinuities in the horn but will not include any reflections from
beyond the aperture of the horn. This measurement is then stored in memory. Next,
e of the horn and the same reflection
ill include the reflection from the RAM

tinuities in the coax cable, the junction

the RAM sample is placed against the apertur
measurement is performed. This measurement w
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and the horn. Thirdly, the measurement of free space (held in memory) is subtracted
from the RAM measurement and the difference displayed on the screen. The display will
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4.0 RESU

The results of experiments are shown in Figs. 7
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etal plate.
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and 8. Figure 7 is a comparison of the

return from a metal plate with those from two tuned absorbers. Figure 8 is a comparison

of a metal plate with a broad-band absorber. In

both cases, the spikes on the flat metal

plate response shifted when the coax cable between the network analyzer and the horn

was moved. These spikes are likely due to multiple reflections between the metal surface
and the feed horn. Since the RAM attenuates

appear on the measurements of RAM.

the reflected wave these spikes do not

orbers compare favourably with typical
dth from 8-12 GHz each of the absorbers
-30 dB compared with the return from

In Fig. 7, the measurements of the abs
curves for this type of absorber. Over the bandwi
displayed a minimum reflection of approximately

a metal plate. This point of minimum reflection is at resonance when the thickness of the

RAM is one-quarter of a wavelength of the incident signal and phase cancellation is the

primary cause for the high attenuation. Away from resonance the attenuation is due to a
combination of phase cancellation and absorptive losses in the material.
In Fig. 8, an electrically thick absorber| was tested. As expected, this absorber
does not display any resonances and the reflection coefficient steadily decreases with

frequency. The absorption over the displayed bandwidth is between -5 and -10 dB.
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Figure 7: Comparison of reflected power from two RAM panels and a Metal Plate vs.
Frequency

5.00 CONCLUSIONS

This method of using a vector network analyzer to compare the performance of radar
absorbing materials was found to be easy, quick and accurate. It offered better dyrniamic
range than previously reported techniques due to cancellation of the spurious reflections
from discontinuities in the signal path.
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