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A Measurement of the Coupling Between
Close-Packed Shielded Cassegrain Antennas

Stephen PadirMember, IEEEJohn K. Cartwright, M. Joy, and J. C. Meitzler

Abstract—Design and performance details are given for a 0.9-m- X
diameter shielded cassegrain antenna, which will be used in a 13-el-
ement close-packed array. The array is designed to make images of
brightness fluctuations in the cosmic microwave background radi- T ‘#
ation. Coupling between a pair of the shielded cassegrain antennas r
with a separation of 1 mis in the range—110 to —130 dB over the
26- to 36-GHz band. CORRELATIR

Index Terms—Multireflector antennas, mutual coupling. S
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. INTRODUCTION Vo:vx v

T HE Cosmic Background Imager (CBI) is a 13-element 4

planar_apgrture synthesis array Wh!Ch. will make |mag§|sg_ 1. Coupling between antennas in an ariByis the receiver noises is
of the cosmic microwave background radiation (CMBR) on afye correlation coefiicient between the outgoing and receiver noigésjs
gular scales-5’-1°, in the frequency range 26—36 GHz. Bright+the outgoing receiver noise which is correlated viithand is the coupling
ness fluctuations in the CMBR are at the level of just a few teR§Ween the antennas. (If we transiiit from antennar and receivel’, at

. . L . antennay, thenc = (P./P,).) The correlator is a complex multiplier [2].

of uK [1]. To achieve the exceptional sensitivity required for
CMBR observations, the CBl is a fairly close-packed array with
cooled, low-noise+{20 K) receivers. Each receiver has a band-

width of 10 GHz and signals from pairs of antennas are Crogs. \vhere in the ranae 0 to 2 s. dependina on the counling path
correlated in an analog correlator with ten 1-GHz bands. yw 9 - dep 9 piing p

Ierégth. Inthe CBIZI, ~ 20K, 7 ~ 6 nsandB = 1 GHz so the

f . .
mounted on a hexagonal platfor6.5 m in diameter. In such faiSe s!gnal could be-as big dg/c K. We can olerate-1 “12K
false signals, so the interantenna coupling shoulg®~=.

a sensitive close-packed array, coupling between the antenngs” . . : ;
. ) . ; n}? iS is a very stringent requirement and is the key parameter
becomes a serious problem. Noise emitted from the input Odf

. . ) Iving the design of the antennas in the CBI.
receiver can couple into an adjacent antenna and cause a false
signal at the correlator output, as shown in Fig. 1. The false
signal limits the sensitivity of the instrument because it looks 1.
just like the CMBR signals we are trying to measure. In Fig.
1, receiverr has noise temperatufie. and emits fromits input  Low interantenna coupling requires antennas with very
noise powepT;. that is correlated with the receiver noiggZ,. little scattering. Corrugated feedhorns are ideal, but a lens is
is coupled into antennga and this causes a false signal at theequired to reduce the horn length and loss in the lens de-
correlator output with maximum amplitudg.,/pc. Since the grades the sensitivity of the instrument. Offset reflectors are
coupled noise arrives at the correlator with a delay error, théso an obvious choice but they are difficult to close-pack
false signal is reduced by a factor sin@r), whereB is the and access to the receivers is awkward. Because of these
bandwidth of the signals at the correlator inputs ani$ the problems, we have pursued the shielded cassegrain design
delay error [3]. The false signal is then= T..,/pc sindwB7) shown in Fig. 2. The 0.9-m-diameter primary is machined
for noise coupling in one direction. If the receivers are identicatast aluminum and all 13 primaries manufactured for the
the signals for the two directions are complex conjugates, €8l have very small surface profile errors (1L6n rms for
the correlator output is always real but the amplitude can bee first three mirrors manufactured, down to 30448 rms
for the last ten mirrors). The 0.155-m diameter secondary
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Fig. 2. Cross section of a CBI antenna. Dimensions are in meters; es and fs are the eccentricity and focal length of the secondary.

The cassegrain antenna sits in the bottom of a deep cyl APERTURE PLANE
drical shield which reduces coupling due to scattering fro OF ANTENNA y
the secondary and the hole in the primary. Scattering fro

the shield rim is r(_educgd by rolling the rim with a radius APERTLRE. PLANE
of ~5X [5]. The shield is made from a sheet of 1/18lu- = AnTENNA X
minum welded into a cylinder and then spun to form th
rolled rim [6]. The height of the shield is set so that th
rim intercepts the beam where the electric field is about ol
tenth the on-axis field. This reduces the forward gain of tt
antenna by~1%. Ohmic losses in the shield were measure
using room temperature and liquid nitrogen loads in frot
of antennas fitted with 0.15 m and 0.40 m high shields. Tt
0.40-m shield contributes-0.5 K to the receiver noise.

EDGE OF
SECONDARY

APERTLRE GRABING g(r)

The antenna is fed by a wideband corrugated horn at t exp~( r/o,375>2
cassegrain focus, illuminating the secondary with-h1 dB
edge taper. The horn has a semi-flare angle &farsl an aper- - | ~er
ture diameter of 8.4 at the band center. The3-dB beamwidth 0.0775 0.45

of the horn varies by only1° over the CBI band so the effi-

ciency of the antenna is essentially independent of frequencyFia 3.  Geometry for estimating the coupling between CBI antennas.

15° semi-flare angle minimizes the horn aperture diameter for

roughly constant beamwidth over the CBI band [7]. This in turn . | NTERANTENNA COUPLING

minimizes the diameter of the secondary, though the blockage is

still rather high at~2% of the area of the primary. The 2% aper- An accurate calculation of inter-antenna coupling involves
ture blockage degrades the efficiency of the antenna-#% computing the field surrounding a pair of antennas. This is quite
[8]. The horn is mounted inside the receiver cryostat and tisne consuming, but we can make an estimate of the coupling
cooled to~10 K along with the receiver electronics. Since thesing a simple scalar two-dimensional (2-D) calculation if we
cryostat vacuum window determines the size of the hole in thesume that the shield simply moves the aperture plane so that
primary, and hence the size of the secondary, the window is ortljies at the shield rim. The calculation is further simplified by

2 cm larger in diameter than the horn aperture. assuming that the edge of the secondary is also in the plane of the
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of the cosmic microwave background radiation. The sensitivity

of this instrument is limited by coupling between adjacent an-
tennas in the array. We have used cassegrain antennas because
they can be close packed while still allowing easy access to the
receivers, but we have added deep cylindrical shields to reduce
the coupling between antennas due to scattering from the sec-
ondaries, the holes in the primaries and the feedlegs. The cou-
pling between 0.9 m diameter antennas with 1-m spacing is in
the range-110 dB to—130 dB over the 26—36 GHz band. This

is ~30 dB better than for unshielded cassegrain antennas.

Coupling (dB)
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IV. SUMMARY

We have inveStig?-ted .the use of Shielde.d Cassegrain ant.enﬁ@.sMeitzler, biography and photograph not available at the time of publica-
for a close-packed imaging array which will make observatiorisn.



