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1. INTRODUCTION  

The Imaging Instrument Subsystem of the first MECB Remote 
Sensing Satellite (SSR1) requires the design of an right 
handed circularly polarized antenna for data transmission at 
2250 MHz. The antenna shall produce a shaped radiation 
pattern that concentrates the radiated energy into a cone 
with a full cone angle of 130 degrees corresponding to the 
coverage region. The optimum is a shaped-conical radiation 
pattern with a maximum gain at the rim of the cone and gain 
decreasing to a minimum at the center of the cone to provide 
uniform signal strength at the receiver throughout the 
satellite pass. 

This antenna is to be mounted on the earthward side of the 
spacecraft within an area defined by the launcher and 
satellite structural specifications (Figure 1). 

This work discusses two types of antennas which may be used 
to meet coverage requirements (Figure 2). Quadrifilar 
helices with a integral number of turns and crossed dipoles 
above a reflector plane have been investigated and compared 
to each other. 

2. QUADRIFILAR HELIX ANTENNA  

Quadrifilar helix was developed by Kilgus (1968) and it has 
been applied in a variety of spacecraft programs. 

A quadrifilar is a four element helical antenna with each of 
the four elements terminating in two radial portions (Figure 
3). The four top radials connect the helical portions to the 
feed region and the bottom radials are shorted together. 

Two opposite elements are fed in antiphase producing a 
bifilar helix. The bifilars are fed in phase quadrature to 
produce a quadrifilar helix. 
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The helix can be described 
(Figure 3): 

Ro - Radius 
- Pitch distance for 
axis of the helix 

N 	Number of the turns 
Lax - Axial lenght = P*N 

by the following parameters 

one element measured along the 

of one element 

The shaped conical radiation patterns necessary to meet the 
coverage requirements can be realized by the proper choice 
of helical parameters. Calculated radiation patterns with 
and without a ground plane are presented for helices with 
one to three turns in Figures 4 to 9. These radiation 
patterns were calculated utilizing the method of moments 
(Julian, A.J. et all, 1982). 

Several techniques to feed the bifilars are possible. As 
with all coaxially fed balanced antennas, the bifilar 
requires a balun. Two known balun designs that can be 
applied to each bifilar are the compensated balun (Roberts; 
W.K., 1957) and the split sheet (Silver; S., 1949). In both 
cases, additional impedances networks are required to match 
the balun design to the coax and bifilar impedance. The 90 
degrees phase relationship between bifilars needed to 
produce the quadrifilar can be achieved utilizing a 
quadrature hybrid. 

3. CROSSED-DIPOLES ANTENNA  

The crossed-dipoles antenna consists of two orthogonal 
dipoles mounted approximately half wavelenght above a 
reflector plane and fed equal power, 90 degrees out of phase 
(Figure 10). Feeding is accomplished by a split sheat 
coaxial balun (Silver; S., 1949) and self phasing the 
dipoles where the desired 90 degrees phase difference is 
obtained by designing the orthogonal dipoles such that one 
is large relative to the desired resonant frequency lenght, 
and therefore inductive, while the other is smaller, and 
therefore capacitive. 

The radiation patterns for the crossed-dipoles have been 
computed by numerical integration utilizing method of 
moments (Rydahl; Ole, 1975) where the variables and 
parameters used are defined in Figure 10. Figure 11 shows 
the theoretical pattern for the RHCP and LHCP polarizations. 
A breadboard model for this antenna was constructed and the 
radiation pattern for the RHCP polarization is shown in 
Figure 12 and compared to the theoretical result. Figures 
13, 14 and 15 show the radiation patterns for a linearly 
polarized rotating source and Figure 16, the return loss 
over the operation frequency band. 
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4. CONCLUSIONS  

Computer simulations have shown that, although gain and 
coverage requirements have been met by two and three turns 
quadrifilar helices, due their height, these antennas would 
require deployment mechanisms to be mounted on the satellite 
structure. A quadrifilar helix with one turn complies with 
gain requirements and its height meets the satellite 
configuration but it has a poor axial ratio in some regions 
when compared with two and three turns helices. 

The crossed-dipoles antenna, with dipole wings tilted 150 
degrees away from antenna axis was chosen because it 
provides the required beam shaping with gain values that 
meet the desired gain pattern curve. It represents a simple, 
reliable and low-cost approach although its axial ratio 
figure is worse than that of a quadrifilar helix. 
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Fig.  15 - Crossed dipoles radiation pattern, 
Rotating Source. 
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Fig. 16 - Crossed dipoles return loss. 
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