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Abstract-Traditionally, tapered chambers are
constructed using a square based pyramidal shaped
taper. The taper is then shaped into an octagon and
finaly transformed into a cylindrica launch
section. This approach is related to the
manufacturability of different absorber cuts. This
paper introduces a chamber where the conica
shape of the launch in continued throughout the
entire length of the tapered chamber. The results
of the free space VSWR test over a 1.5 m diameter
quiet zone (QZ) are presented a different
frequencies. The conicd taper appears to have a
better illumination wave front and better QZ levels
even at frequencies above 2 GHz than the standard
traditional approach. This design was implemented
in Singapore and the actual chamber was designed
to have a secondary near field range for planar and
spherical scans. As with al antenna chambers, as
the frequency increases, the usable or far field
illuminated QZ is reduced. At a 12 m distance
from the feed to the turntable, the quiet zone at 8
GHz is reduced to 45 cm. The chamber includes a
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near to far field range to alow the use of the
chamber a higher frequencies when testing
dectrically large antennas. Another solution
implemented to extend the quiet zone a high
frequency is to use a large dielectric lens to
improve the phase distribution of the field. A light
weight, broadband lens with a diameter of 2 m was
developed by Matsing Pte Ltd. The parameters of
the lens were specially customized for the tapered
chamber built. The RF lens, weighing just 35 kg,
has afocal length of 10 m. It wasinstalled in front
of the turn table. The performance of the tapered
chamber with the RF lens is presented. The usable
far field QZ was increased by using adielectric RF
lens that allows for eectrically larger antennas to
be measured in the tapered range of the chamber.

I ndex Terms-Antenna range design,
metamaterials, quiet zone, RF lens, and tapered
chamber.
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I. INTRODUCTION

Tapered anechoic chambers have been around
for amost 50 years [1-2]. The reason for the
introduction of these chambers was the issues
present on rectangular chambers at frequencies
below 500 MHz [3-4]. At lower frequencies, the
antennas used in an antenna measurement range
become physically very large. These antennas can
be difficult to handle inside an anechoic chamber.
Less directive antennas are used. These less
directive antennas will radiate more energy to the
side walls, ceiling and floor of the chamber. To
reduce the reflections, thicker absorbers are
required. To accommodate the thicker absorbers,
the chamber must be larger. Tapered anechoic
chambers were introduced to solve this low
frequency issue. Instead of trying to eliminate the
specular reflections into the quiet zone, the
specular area is brought closer to the measuring
antenna and the specular reflections are used to
create the illumination in the QZ [2, 5].
Traditionally, tapered anechoic chambers were
built having a square based pyramid as the taper
(see Figs. 1 and 2). To better accommodate
different feed antennas, the sguare section may be
changed to a cylindrical cross section taper. These
changes in cross section require a lot of special
cuts of absorber to make the transition from the
conical section to the sguare section as smooth as
possible. As was reported in [2-5], the absorber
reflections are used to create the illumination in
the QZ.

Fig. 1. A typica tapered anechoic chamber.

The concept presented in this paper introduces
a conical taper. The entire tapered structure
maintains a constant angle and a circular cross
section. Figure 3 shows a picture of the conical
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tapered chamber of the new type of chamber. The
tapered section shown in Fig. 3 is about 10 min
total length. The results for the free-space VSWR
[6] of the range are presented in the next section
where they are compared with similar chambers
that use the traditional design.

Fig. 2. Shaping from sguare to octagonal cross-
section at the feed section.

NF-FF Range

Taper Range

Fig. 3. The conical tapered anechoic range.

1. MEASURED RESULTS

The manufactured chamber, using the conical
taper, had its QZ scanned using the free space
VSWR tests [6]. The tests were performed at a
series of frequencies from 200 MHz up to 18 GHz.
The chamber was lined with 60" (152 cm)
curvilinear absorbers on the back (i.e., receive)
wall and a combination of 24" (61 cm) pyramidal
absorbers and 36" (91.44 cm) on the sidewalls,
floor and ceiling. The tapered section has a
specially cut wedge material that lines the tapered



section from the feed location to the QZ area. The
wedges ranged from 18" (45.72 c¢m) at the QZ end
to 8" (20.32 cm). Figure 4 shows a picture of the
conical treatment.

Fig. 4. The tapered section seen from the feed
location. The tapered section was built inside an
RF shielded room to avoid outside interference
during measurements.

The source antenna was an ETS-Lindgren
model 3164-06 dua linearly polarized open
boundary quad-ridge horn [7], rated from 300
MHz to 6 GHz. In this application, the antenna
was used from 200 MHz. Attenuators were used at
the feed of the antenna to reduce the effects of the
high VSWR. The QZ was scan with an ETS
Lindgren model 310 6B dua ridge horn. The
scanning antenna and source antenna are shown in
Fig. 5.

I

Fig. 5. The scanning antenna at the QZ viewed
from a point right behind the source antenna at the
apex of the taper.
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Figure 6 shows the reflectivity levels of the
QZ versus direction for horizontal and vertical
polarizations. Results are shown for 200 MHz, 400
MHz, 800 MHz, and 1,000 MHz. All these results
were measured with the source antenna at a fixed
position in the apex of the taper. Commonly, the
antenna is moved as frequency changes to
maintain the phase center close to the reflections
and keep a QZ illumination free of ripples[3-4].
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Fig. 6. Reflectivity results for the conical tapered
chamber.

For frequencies above 2 GHz, adifferent horn,
an ETS-Lindgren 3164-05 dua linearly polarized
open boundary quad-ridge horn, rated from 2 GHz
to 18 GHz, was used. For scanning the QZ, a
series of standard gain horns were used with gains
ranging from 10 dBi to 20 dBi. Additiondly, since
a smaller horn was used as the source, the horn
was positioned inside an extension of the conical
taper. Figure 4 shows one of the two halves that
made up this high frequency extension.

Figure 7 shows the results of the scans at high
frequencies. As discussed in [5], tapered chambers
are better suited for low frequencies and care must
be taken to properly position the source antenna.
However, it is possible to use them at these high
frequencies once the chamber is properly
characterized.
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Measured Reflectivity Data [,
_ =t

Fig. 7. Reflectivity levelsin the QZ versus angle at
four different frequencies.

1. COMPARISON WITH
TRADITIONAL CHAMBERS

Comparison with traditional chambers is
difficult. There are no two identical chambers with
the exact same absorber treatment with the only
difference being the taper geometry. So a
gualitative comparison is done. When compared
with traditional chambers, there seem to be some
advantages in the new design. In traditiona
chambers, antennas with gains of 16 dBi and
above are required to get adequate illumination at
the QZ. It appears to be one of the advantages of
the conical taper that lower gain antennas can be
used to illuminate the QZ. At 10 GHz, the source
antenna has a directivity of 12 dBi [7]. On the
other hand, the conical quad ridge horn used in
many traditional tapered anechoic chambers has a
directivity of 14 dBi at 10 GHz.

The open boundary ridge horn was
successfully used in the conical chamber design.
However, in the past, when it was used in a
traditional chamber, a smooth amplitude taper was
not achieved as seen in Fig. 8. In Fig. 9, a
comparison of the reflectivity of the conical
tapered chamber and a traditionally implemented
chamber is shown for 400 MHz. At this frequency,
there is a dight difference on the back wall
reflectivity between the chambers (180°) but this
is related to the difference in absorber treatment
between the chambers. One can notice the large
variation in horizontal polarization as the direction
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changes from 15° to 60° on either side of the
source antenna. The reflectivity swings by about
10 dB. These variations are not seen in the conical
tapered chamber.

o Aglent ©3:55:15 Mar 18, 20089 5

The different curves are from
maoving the antenna back and

forth in the feed section trying to
“tune” the best position

Fig. 8. Data for a transverse scan of a traditional
chamber using the same horn used in the conical
design.
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Fig. 9. Comparison with atraditiona chamber.

The chamber was implemented with two
ranges, a far field tapered range and an NF-FF
planar and spherical range. Figure 3 shows the
chamber plan with the two ranges. The antenna
under test uses the same positioner for both ranges,
and the QZ is the same for both ranges. For the
spherical range the probe is located between the
QZ and the planar scanner on the opposite wall.
The planar scanner can be used for testing high
gain arrays. These arrays can be positioned at the
QZ or closer to the scanner mounted on a tripod
depending on the frequency of operation or the
size of the scanner.



IV. INCREASING THE QZ SIZE

As mentioned above, the tapered chamber is
used to overcome some of the limitations of the
standard rectangular chamber for antenna testing
at lower frequencies. However, like in rectangular
chamber, the size of the quiet zone in a tapered
chamber reduces significantly as the frequency
increases. For example, the tapered chamber
ingtalled at the National University of Singapore
(NUS) has a quiet zone of 1.4 m at 500 MHz but
only 45 cm at 8 GHz. To increase the quiet zone at
the higher frequencies, it was proposed to integrate
a customized RF lens inside the chamber. The
authors are not aware of other methods to increase
the quiet zone without physical alterations to the
original chamber.

V. DESIGN OF THE RF LENS

The design of the RF lens is based on the
principle of optical refraction to transform a
spherical wave from a point source to a planar
wave. By precisely controlling the dielectric
constant of the lens, the focal length of the lens
can be customized based on the lens aperture.

A plano-convex RF lens was designed and
integrated into tapered chamber at NUS (see Fig.
10). Its foca length, f, of 10 m is equal to the
distance between the source antenna and the end
of the tapered section of the chamber. The
diameter of the lens was chosen to be 2 min order
to cover alarge area of the aperture of the tapered
chamber while alowing easy mobility of the lens
inside the chamber.

Source Anfenna /
Half cones with wedge absorbers Mast [

Fig. 10. Placement of lensin tapered chamber.

The lens has a comparatively high ratio of the
size of the planar wave front to the lens diameter
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(afactor of about 0.7 D, where D is the diameter
of the lens). Hence, a 2 m diameter lens can
produce a 1.4 m plane wave-front. The profile
P(x,y) of the lens was designed using the

following equations[8],
r y

x= tan 6, - tan6 (1)
where

y = p siné, (2

and

_ S

p= Vecosd -1’ (3)

with
_or 11 (@]

h= Ve—1 (sin@m tan Hm)'

The variables are defined in Fig. 11.
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Fig. 11. Lens geometry.

Due to the proposed size of the RF lens (2 m),
the lens cannot be manufactured with traditional
dielectric materias as it will be difficult to control
the dielectric permittivity throughout the lens to a
high degree of accuracy. Furthermore, if thelensis
manufactured with traditional dielectric material, it
will be extremely heavy £ 1,000 kg), making it
difficult to install and requiring a special support
structure, which may cause undesirable
diffractions.

To overcome these challenges, a new low-loss,
light weight metamaterial manufactured by
Matsing Pte Ltd was used. The material alows the
control of the dielectric permittivity to a high
degree of accuracy. It has extremely low-loss
(e’ < 10™%). It slow density (40 kg/m?) means that
the 2 m lens weighs only 35 kg, allowing the lens
to be portable and easily installed. Furthermore,
the materia is isotropic and broadband, so that the
lens is operable for both vertical and horizonta
polarizations on arange of frequencies.

1166



1167

VI. NUMERICAL ANALYSIS

The performance of the designed lens was first
evaluated using FEKO. A half-wavelength dipole
was placed at the focal length of the 2 m lens. The
focal length corresponds to the distance (of 10 m)
between the feed and aperture of the tapered
chamber. The field was observed at a vertica
plane a 2 m (corresponding to the quiet zone
region) on the other side of the lens. For simplicity,
the lens and the dipole were simulated in free-
space without the tapered chamber as the primary
aim of the simulation was to ensure that for the
given length of the taper, the lens would provide
the best possible illumination. Including the
chamber with its absorbers in the simulation
model would dragtically increase the problem size
and complexity beyond the capability that the
numerical package could handle a these high
frequencies.

Figure 12 shows the predicted fields (for a
guadrant) at 8 GHz. The circles in the plots
represent the outline of the 2 m lens. Cuts of the
fields along the lens diameter are shown in Figs.13
and 14 for 2 GHz and 8 GHz, respectively. The
fields of the dipole in the absence of the lens are
superimposed in the figures for reference. For ease
of comparison, the magnitudes are normalized to
their respective mean vaues while the phase
without the lens is normalized to its peak value
and the phase with the lens is normalized to its
mean value. From these figures, it is observed that
the field with the lens deviates dightly from the
dipole field due to mainly diffraction from the lens.
However, the lens reduces significantly the large
phase variation of the dipole fidd. Thus, the
designed lens was shown to produce a reasonably
good plane wave in the vicinity of the quiet zone
of the tapered chamber.

(a) magnitude (b) phase

Fig. 12. Predicted field distribution at 8 GHz, both
in (@) magnitude and (b) phase.
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Fig. 13. Computed field distribution at 2 GHz.
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Fig. 14. Computed field distribution at 8 GHz.

VIl. MEASURED PERFORMANCE

The manufactured lens is installed at the
aperture of the tapered chamber as shown in Fig.
15. A specia frame was made from low reflection
materia to hold and easily place the lens in the
tapered chamber.

For the field measurement of the quiet zone of
the tapered chamber, a simple linear scanner was
set up as shown in Fig. 16. A broadband dual-
ridged horn was used as the probe antenna. The
field was measured along an axis transverse to the
lens axis at about 2 m from the lens. The lens was
then removed and the measurement repeated.

The results at 2 GHz and 8 GHz are shown in
Figs. 17 and 18, respectively. The magnitudes and
phases are “normalized” in the same manner as the
numerical results were. Note that the transverse
distance in these figures, unlike that of Figs.13 and
14, is relative to the start of the measurement
position at 0 m. The plots show that the lens has
indeed improved the phase significantly without
adversely affecting the amplitude. The size of the

quiet zone for *10° phase variation with and
without lens is summarized in Table |. Thus, the



lens has significantly improved
performance of the tapered chamber.
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Fig. 16. The QZ scanned with the lens in place at
the end of the taper section.
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Fig. 17. Measured field distribution at 2 GHz.
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Fig. 18. Measured field distribution at 8 GHz.
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Measurements were aso done from 500 MHz
to 1 GHz to confirm that the lens did not affect the
original quiet zone of the chamber a low

frequency.

Table I: Size of quiet zone (in cm) for £10° phase
variation with and without lens.

f (GHz) 2 4 6 8 | 10
Withoutlens | 95 | 65 | 55 | 45 | 40
With lens 140 | 140 | 140 | 140 | 140

VIIl. CONCLUSION

The paper has introduced a new approach to
the manufacturing of tapered anechoic chambers.
This approach has shown that it provides good QZ
reflectivity results over wide frequency ranges.
Additionally, the new design appears to alow the
use of lower directivity antennas than the ones
used in traditiona chambers. These lower
directivity antennas provide a smaller amplitude
taper across the QZ, which reduces the errors
during gain measurements. With the addition of
the RF lens, the phase of the quiet zone of the
tapered chamber at higher frequency (2 GHz-10
GH2z) has been improved significantly. The lens
provides a quick and easy way to enhance the
performance of the tapered chamber, allowing the
user to easily install it due to its light-weight
construction. The NUS tapered chamber with the
RF lens is now capable of far-field measurement
of relatively large antennas from 0.3 MHz to 10
GHz.
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