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The results of an X/X/Ka-band feed design concept demonstration are presented in

this article. The purpose is to show the feasibility of adding a Ka-band beacon to the Mars

Observer spacecraft. Scale model radiation patterns were made and analyzed.

I. Introduction

A concept demonstration of an X/X/Ka-band prime focus

feed was made for the Mars Observer spacecraft's 1.5-meter

reflector antenna. The purpose was to add a Ka-band capabil-

ity to the spacecraft for downlink experiments [1 ]. Radiation

pattern models of this feed were constructed and pattern
measurements made. A computer analysis of these radiation

measurements was performed. The analysis shows that further

work is required to complete the design, especially in the areas

of impedance matching and packaging.

II. Design

The X/X/Ka-band feed design consists of two types of

antennas combined in a multifrequency, prime focus feed as

shown in Fig. 1. Examples of similar combined feeds, but with

much larger low-frequency apertures, are reported in [2] and

[3]. The low-frequency (X-band) radiating element used in

this case is an open-ended, circular waveguide with four choke

rings as presented in [4] and shown in Fig. 2 (with the Ka-band

dielectric rod coaxially mounted in the aperture). This radiator

provides a suitable pattern over a bandwidth broad enough to

include both the uplink (7.19 GHz)and downlink (8.42 GHz)

at X-band. The radiation pattern beamwidth is controlled by'

the open-ended waveguide aperture diameter.

The high-frequency (Ka-band, 33.7-GHz) element of this

design is a dielectric rod surface wave antenna, shown in Fig. 2

(mounted coaxially in the aperture of the X-band antenna)
and discussed in [5]. One of the main challenges of this design

is to launch a sufficient percentage of the Ka-band power as a
surface wave on the dielectric rod. If this is accomplished, the

Ka-band radiation pattern is controlled by the characteristics

of the dielectric rod and not by the X-band antenna which

surrounds it. The launching efficiency of the surface wave is

controlled by the profile of the dielectric rod and the flare of
the horn at its base (see Fig. 1). The beamwidth of the radia-

tion pattern is controlled mainly by the diameter of the dielec-

tric rod at the antenna aperture.

The combination of the above into a single X/X/Ka-band

feed would possibly take the form shown in Fig. 1. The main

components of this feed are rectangular-to-circular waveguide

transitions, linear-to-circular polarizers, a Ka-band tapered

dielectric rod and launching horn, and an X-band aperture
radiator with four concentric choke rings.
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III. Results

The results presented here are from measurements of two
scale models. The X-band model is full scale and is shown in

Fig. 2. The Ka-band model is 4.4:1 scale and is shown in Fig. 3.

Figures 4 through 6(a) and (b) display the measured E- and

H-plane feed radiation patterns in both magnitude and phase.

The X-band uplink and downlink patterns (Figs. 4 through

5 [a] and [b] ) are well matched in the two planes and result in

feed efficiencies of approximately 74 percent, including spill-

over, illumination, cross polarization, and phase efficiencies.

The Ka-band patterns (Fig. 6 [a] and [b]) are well matched in

the two planes but purposely underilluminate the reflector to

lower the antenna pointing accuracy requirement, resulting in

a feed efficiency of approximately 42 percent.

Figures 7, 8, and 9 show the co-polarized radiation pattern

for the X-band uplink, X-band downlink, and Ka-band down-

link, respectively. These co-polarized radiation patterns were

calculated by the computer program documented in JPL Publi-

cation D-1203.1 This program used the measured feed patterns

1y. Rahmat-Samii, "Offset Parabolic Reflector Computer Program for
Analysis of Satellite Communications Antennas," JPL Publication
D-1203 (internal document), Jet Propulsion Laboratory, Pasadena,
California, December 1983.

(Figs. 4, 5, and 6) and the geometry of the Mars Observer

spacecraft's 1.5-meter reflector antenna to predict the co-

polarized radiation patterns.

Figures 7 and 8 (X-band uplink and downlink)show low

sidelobe levels, which result from a larger than typical edge

taper. Figure 9 (Ka-band downlink) shows no distinct side-
lobes, which can be attributed to the use of an atypical feed

taper.

Table 1 presents the X/X/Ka-band antenna performance in
the form of feed efficiency plus overall antenna gain and 3-dB

beamwidth. The above analysis assumes an ideal reflector and

no aperture blockage.

IV. Conclusions

An X/X/Ka-band prime focus feed for the Mars Observer

1.5-meter reflector antenna seems practical based on the

results of the scaled model radiation pattern measurements.

The X-band and Ka-band feed patterns can be controlled indi-

vidually. The present Ka-band design would require an antenna

pointing accuracy of 0.26 degree to stay within its 3-dB beam-
width. Further work would be required to optimize these

radiation patterns.
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Table 1. X/X/Ka-band antenna performance (1.5-meter antenna)

Frequency, Feed Gain, 3-dB beamwidth,

MHz efficiency dB deg

7190 0.741 39.8 2.1

8420 0.741 41.2 1.7

33,680 0.419 50.7 0.52
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RECTANGULAR TO ROUND WAVEGUIDE TRANSITIONS 

Ka-BAND TAPERED DIELECTRIC ROD AND LAUNCHING HORN 

X-BAND APERTURE RADIATOR AND FOUR CONCENTRIC CHOKE RINGS 

Fig. 1. X/X/Ka-band prime focus feed 

Fig. 3. Ka-band feed model 

Fig. 2. X-band feed model 
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Fig. 6. Ka-band feed: theta versus (a) magnitude and (b) phase
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Fig. 7. X-band (7190-MHz) uplink: theta versus gain
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Fig. 8. X-band (8420-MHz) downUnk: theta versus gain
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Fig. 9. Ka-band downlink: theta versus gain
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