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ABSTRACT

A microstrip antenna feed developed for a paraboloidal reflector provides simultaneous
right circular and left circular polarization and 20 dB sidelobe levels over moderate
bandwidths. This arrangement obviates the need for the usual waveguide orthomode
transducer and thus decreases the weight of the feed. The basic feed element is a square
patch .558 x .558 fed at two orthogonally situated coaxial feed points inset 0.118 from the
edge, as described by Millar and Carver (Proceedings 1980 University of Illinois Allerton
Antennas Application Symposium).

INTRODUCTION

Microstrip patch antennas of a variety of shapes to produce linear, left circular, or right
circular polarized radiation were described by Carver and Mink in IEEE Transactions on
Antennas and Propagation, Volume AP-29, No. 1, January 1981. Millar and Carver
described the square patch radiator in the Proceedings 1980 Allerton Antenna Application
Symposium, University of Illinois.

The microstrip square patch radiator was selected as the feed element to be installed in the
focal plane of a four foot diameter paraboloidal reflector for a number of reasons: light
weight; simplicity of obtaining two orthogonal linear radiated fields; sufficient feed gain to
produce a desired taper to illuminate the reflector; and ease of sealing the feed and its
support against a hostile environment near the sea.

CONSTRUCTION

To enhance the bandwidth and minimize heat losses from the usual microstrip patch
element constructed with a solid substrate PTFE material, the substrate thickness was



increased to approximately one quarter inch by forming a composite of Hexcell
(honeycomb) panel laminated to 0.00625 inch copper foil PTFE cloth on each side of the
Hexcell. Figure 1 shows samples of these materials. The patch radiator is photo-etched on
one side and the copper laminate on the opposite side acts as a groundplane. The three
pieces are cemented together to form a strong, rigid sandwich (Figure 2). The effective
dielectric constant is approximately 1.17.

IMPEDANCE

A number of researchers have analytically described the microstrip patch radiators
calculating resonance and impedance. The exact solution, however, has not been
formulated. Munson in 1974 showed that the edges of the patch can be viewed as two
parallel slot radiators separated by one-half wavelengths.

Let 8o equal the free-space wavelength; then

(1)

where 8, = wavelength in the substrate.

It was determined experimentally that for the square patch the sides a and b are given by

a = b – .45 8,   .     (Figure 3) (2)

Millar and Carver showed that the feedpoint position for a given input impedance to a
rectangular patch is approximated by

(3)

Using this expression as a starting Point it was found that for the square patch at 2.250
GHz the two feedpoints should be placed .118, from the edge. The two inputs are placed
on orthogonal center lines.

The groundplane was cut to a 1.148o diameter circle with the patch centered. The input
impedance over the band is shown in Figure 4. Measured isolation between the input ports
was -30 dB.



THE FEED

To provide the required quadrature phase a 90 degree Hybrid-Ring was used to drive the
microstrip radiator. Figure 5 shows the circuit. This ring was cemented to the back of the
six inch groundplane as shown in Figure 6. The impedance over the band for the Hybrid-
Ring terminated with 50 ohm loads is shown in Figure 7. This ring was purchased from the
Anaren Microwave Corporation. The final input impedance to the completed antenna feed
and reflector is shown in Figure 8.

Antenna pattern for the feed alone is shown in Figure 9. This pattern shows the beam
slightly asymmetrical in shape. This asymmetry can be corrected by placing the patch at
the base of a small horn.

REFLECTOR WITH FEED

The square patch feed was mounted on a dielectric tripod support in the focal plane of a
four foot paraboloidal reflector. The reflector f/d ratio was 0.3. The subtended angle from
the focal plane to the reflector edge is 160 degrees, or 80 degrees from the boresight center
line. Figure 9 shows that the reflector edge illumination is approximately -19 dB plus the
space loss of -4.5 dB, or -23.5 dB. This is typical across the band. Figures 10, 11 and 12
show the reflector antenna patterns measured at the frequency band-edges and in the
center. Sidelobe levels are typically -22 dB below the main beam maximum. This sidelobe
level is partly determined by the aperture blockage of the feed. Figure 13 shows a typical
measured polarization ellipse at all frequencies across the band for both right and left
circular polarization.



FIGURE 1.  HEXCELL AND LAMINATE PTFE CLOTH

FIGURE 2.  TYPICAL HEXCELL/COPPER LAMINATED CLOTH
COMPOSITE



FIGURE 3.  LAYOUT OF A TYPICAL PATCH



FIGURE 4.  SQUARE PATCH TWO-PORT INPUT IMPEDANCE



FIGURE 5.  HYBRID-RING AND PATCH CIRCUIT



FIGURE 7.  INPUT IMPEDANCE TO ANAREN 90 DEGREE
HYBRID-- 2147-2325 MHz



FIGURE 8.  INPUT IMPEDANCE -- FOUR PARABOLA --- RC & LC PORTS
 












