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ABSTRACT

Compact range facilities designed for RCS measurements have
exhibited a performance-limiting effect commonly referred to as
i'feed ringing". "Feed ringing" is a phenomenon in which energy
Is stored in or about the RF feed structure and is sustained for
a sufficient period of time after the source is turned off such that
its presence contaminates the true target return. This effect has
placed severe constraints on the design of the RF feed for the
compact range, particularly in regard to its operating bandwidth,
This paper presents the design of a lossless, waveguide type RF
feed suitable for compact range application with a demonstrated
useful bandwidth approaching a full octave.

INTRODUCTION

The requirements a compact range feed must satisfy are many
and varied. Recently, those requirements-have been made even
more stringent by the growth of RCS applications in compact
range facilities. Listed below are the major specifications a feed
must meet in order to be suitable as a prime focus feed in an
RCS compact range.

Al Pattern Control

1 40 degree 1 dB beamwidth

2. Minimization' of - sidelobes  and  backlobes which
cause extraneous radiation into the quiet zone

3. Pattern shape efficiency to maximize the amount
of power ending up in the quiet zone

4. Cross polarization levels within 1 dB beamwidth to

be less than -25 dB
B. Phase Center Definition and Stability - precisely
controlled to produce a plane wave by use of the
paraboloidal reflector

C. VSWR in band and slightly out of band to be less than
2:1

D. Bandwidth

1. Proper impedance for the pulse spectrum
2. No resonances within the pass band
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E. Size and Weight

F. Polarization - generally dual linear to provide the full
scattering matrix for a target

G. Gain - limited by the 1 dB beamwidth constraint on the
high end. The feed must not be so lossy that sensitivity
is sacrificed

H. Absence of ringing, Resonance or Energy Storage

L Modal Cutoffs
2. Traveling wave between discontinuities

PROBLEMS AND SOLUTIONS

For RCS measurement applications, the ratio of transmit to
receive power can exceed 185 dB. Any coherent energy coupled
into the feed mechanism from the transmitted pulse must
dissipate to a level below the received signal in the time interval
between transmit and receive. For compact range geometries
this time interval can be very short. For example, a 12 foot focal
length prime focus compact range typically has approximately 70
nanoseconds between transmit and receive.

Stored energy present in the feed mechanism at receive time is
equivalent to range clutter and limits the measurement sensitivity
of the radar by the signal-to-clutter ratio.

In the past, various types of feed structures including circular,
square and quadridged waveguides have been used to illuminate
compact ranges. Unfortunately each one of these has been found
to have problems with energy storage.

The frequencies at which the resonances occur coincide closely
with mode cutoffs, i.e the frequency at which a mode changes
from evanescent to propagating. At and around the mode cutoff
frequency, if some of the energy originally in the dominant mode
is transformed into this higher order mode it neither propagates
away from the location nor decays appreciably in amplitude.

This energy, then, either decays slowly from wall current
resistance or transformation back to the dominant mode. If the
coupling between modes is weak, which it usually is for pattern
shaping, then this energy can exist at a significant amplitude for
a long period of time after original excitation.

A solution 10 the problem is to operate in the frequency band
only where these mode transitions do not exist. This frequency
band is limited on the low end by the dominant mode cutoff
(TE-10 for square and quadridged square waveguide, and TE-11
for round and quadridged round waveguide). The high end
limitation is the TE-11 in square/quadridged and TE-21 in
round/quadridged leaving approximately 25% (including 10% for
matching) bandwidth maximum for both cases [1]. In order to



increase this bandwidth substantially, a coaxial waveguide feed
[2], [3] which operates between the TE-11 mode cutoff and the
TE-21 mode cutoff has been designed. The ratio between cutoff
frequencies is 2:1 which translates into a 67% bandwidth (Fyy -
Frow) / (Fu + Frow)* 200).

Excitation of the TEM mode in the coaxial waveguide is avoided
by symmetric currents in the probes. The TEM mode will cause
an asymmetric co-polarized pattern in the E-plane and will cause
cross polarized radiation in the H-plane of the feed. Figure 1
shows the effects of the TEM mode in the radiation patterns.
Figure 2 relates the unbalance in the probe currents to the TEM
modal power.

The radiation patterns have constraints on beamwidth and cross
polarization. Being a low impedance structure, as opposed to
circular or square waveguide, the coaxial waveguide tends to have
large currents which continue on the outside of the outer
conductor and cause pattern irregularities and E/H-plane
dissimilarities. Addition of a corrugated flange equalizes the two
planes and reduces cross-polarization.  Location of the
corrugated flange behind the termination of the coaxial
waveguide (Figure 3) causes some beam broadening at the
expense of phase center definition and stability. A best
compromise position is chosen with the results shown in Figure

Ringing, or energy storage was measured using a pulsed radar.
A stepped CW receiver was used in tandem with a pulse
modulator to measure the response of the feed alone. First, the
feed was used in a compact range to determine the correlation
between levels displayed on the receiver and returns from a
known target size. This correlation was then used to set the
scales on the data. Figure S presents the results of this type of
measurement using 30 nanosecond pulses and a 100 nanosecond
delay. The large return at 3.56 GHz is due to the transition of
the TE-21 mode from evanescent to propagating. As long as this
mode cutoff is kept far enough away from the radar’s operational
band, the feed will not be the performance limiting device in the
overall measurement system. Longer time delays will produce
even lower values of ringdown.

SUMMARY

A coaxial waveguide has been successfully demonstrated to solve
a feed ringing problem over a large bandwidth (53%) with at
least 100 MHz of resonance guard band both above and below
band.  Implementation of this design is proceeding on
frequencies both above and below this particular example (2- 3.46
GHz). In addition, a much larger beamwidth than for circular
waveguide has been achieved because of the small physical size
of the radiating aperture, resulting in a 33% increase in quiet
zone size. The smaller physical size also allows for more
convenient mounting arrangements.
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CROSS POLARISATION CAUSED BY THE TEM MODE IN H-PLANE OF TE-i4 PATTERN

0.
-10.
-20
)
a
4
w P~ ]
——
&-30. M —
. P — ~ - -
z — \ p
i T — ~ -~ e
w — ~ ~ e
: T —- - N e // Pt
= -40 —. — \ N \ . . ‘/__/
. P
s — R ' v .~ SR
N e i
S~ N \ . P "
\~‘\ \\ " \ // V/ /"/
-50 .~ N \\ /] ’ e
N y p; z
N N |/ -
“ \\\\ / ,// -
\\ \ \ /// //
\
-60. \ \\ N
-40 -30 -20 -10. 0. 10. 20. 30. 40.
PATTERN ANGLE (Degrees)
20 b —— ——
TE-14 MODE E-PLANE PATTERN WITH VARIOUS AMOUNTS OF TEM MODAL POWERS
0.
=
~\\ ~
- A/
g /
-
g
w-1.
ol
r4
T
w
-
-
<
o
-2,
-40 ~-40. 0. i0. 20. 30. 40.
PATTERN ANGLE (Degress)
TE-14 ONLY —4m—mM——————e
30 Db —mm-e—— == mm e
20 Db~ —— —— —— ———

Figure 1. TEM Model Effects on Radiation Patterns
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Figure 3. Coaxial Waveguide Radiator
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PRIMARY PATTERANS 2.7 Ghz COAXIAL FEED
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Figure 5. Test for Energy Storage in S-Band (2-3.46 GHz) Coaxial Feed
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