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I) INTRODUCTION: The use of electrically dense materials as antennas has been a subject of hot 
research. Mueller and Tyrrell used polystyrene to constructed dielectric rod antennas [I] and came up with 
some empirical formulas. More recently, Chattejee [2] has provided a very comprehensive investigation of 
various types of dielectric antennas, including dielectric rod antennas. The authors have also constructed a 
dielectric-loaded helical antenna and provided a method of analysis [3]. However, as the authors has 
pointed out [31, dielectric-loaded helical antennas have only a marginal increase in performance over helical 
antennas. This may be due to some uncompromising characteristics between a helical and a dielectric 
antennas. A dielectric rod antenna has been shown to have a high directivity and a helical antenna is 
inherently relatively high-gain and circularly polarized [4]. A suitable method can be used to put them 
together so that desirable characteristics are obtained. In this paper, we use a short helix to feed a DR 
(Dielectric Resonator) rod antenna. The helix itself is in tum excited by a coaxial cable. It is found that 
high directivity as well as circular polarization are resulted. The use of the helix greatly simplified the 
feeding mechanism of the DR rod while also provided a circularly polarized source which other 
conventional methods such as waveguide feeding cannot. When suitable frequency electromagnetic waves 
were excited, the high permittivity DR rod acted as an effective traveling wave antenna so that high gain 
was obtained. This antenna retains the characteristics of both the helical and DR rod antennas. It was 
reported recently that an aperture-coupled helical antenna has been designed [ 5 ] .  It can be immediately 
envisaged that this design has the advantage of ease for helix array constructions. The novel structure can 
be employed in our feeding helix so that an extremely high gain DR rod antenna array can be constructed 
for satellite communications. In our preliminary study, we measured the antenna's VSWR, radiation 
pattem, bandwidth and axial ratio. The operating frequency has been chosen to be in the C-band. 

11) ANTENNA CONFIGURATIONS: The helix driven DR rod antenna is shown in Fig. 1. The 
feeding helix is C cm in circumference and wound with a copper wire of d mm in diameter. The pitch angle 
of the helix is a. The helix is wrapped 3-turn around the DR rod and is connected to a coaxial cable. The 
diameter of the cylindrical DR rod is D and the permittivity is E ~ .  The total length of the DR rod including 
a tapered head at one end is Ll  + L2. The whole antenna is mounted over a large ground plane with a hole 
on it for fixing the DR rod. 

111) MEASUREMENT RESULTS AND DISCUSSION The antenna characteristics were determined 
experimentally for the following set of parameters: C = 4.81 cm, d = 0.7 mm, a = 13 D = 1.47 cm, E, = 
9.0, L1 = 2 cm and L2 = 20 cm. The short helix operates in the axial mode for the frequency range from 
4.65 GHz to 8.26 GHz (314 < C/R < 4/3, where R is the free-space wavelength). However, this range will 
be shifted down due to the presence of the DR rod 131. Normal mode operation of the feeding helix ensures 
that most of the power is directed along the DR rod. According to Kraus [4, pp.6861, for the lowest mode 
(TEII) to be guided along the a circular waveguide, the waveguide diameter must be greater than 
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0.58/2/ 6. This indicates that for our antenna, efficient power transmission along the DR rod will take 
place only when the operating frequency is greater than 

0 . 5 8 ~  -- 
0 6  - 3.95 GHz 

where c is the velocity of light in free-space. The reason for the use of a relatively high permittivity (E, = 
9.0) DR is to increase the guiding effect of the DR rod. DR material is also low-loss at high frequency so 
that efficiency is guaranteed 

The VSWR versus frequency measured with reference to a 50 R transmission line is shown in Fig. 
2. It can be seen that from 4.5 GHz to 5.0 GHz and from 6.0 GHz to 7.0 GHz, the VSWR closely follows 
that of an unloaded helix [4]. The relatively large mismatch between 5.0 GHz to 6.0 GHz has been 
intentionally investigated and it was found that this mismatch is mainly due to the straight portion of the 
helix leading from the coaxial connector to the DR rod. It was further observed that the values of the 
VSWR in this region could be significantly reduced by increasing the angle subtended by the straight 
portion with the ground plane to a suitable value and which in our antenna is about 30'. 

The relative power received versus frequency is shown in Fig. 3. The source used in the 
measurement was linearly polarized. Fig. 4 shows the case when the antenna is rotated 903 Both graphs 
show a relatively stable region between 4 GHz and 5 GHz. Hence the bandwidth is about 1.0 GHz. This is 
quite a broadband although it is only 28 % of the axial mode frequency range of the helix. We also see that 
the downshift of the operating frequency by the DR rod is slightly different for the two orthogonal 
polarization directions. This difference is about 0.3 GHz if we count the lower cutoff frequency to be 
where the relative power received is 3 dB below the highest relative power received in the operation 
bandwidth. 

By definition the axial ratio is the ratio of the major axis to the minor axis of the polarization 
ellipse. A reasonable estimate of this ratio is the difference between the values of Fig. 3 and Fig. 4 and it 
is plotted in Fig. 5 .  Again we see that the axial ratio in the axial direction fluctuates within 3 dE in the 
frequency range from 4 GHz to 5 GHz. This demonstrates a relatively pure circular polarization in this 
frequency range. Outside this range, general elliptical polarization is observed. 

The radiation pattems at 3 different frequencies over the operation bandwidth are shown in Fig. 6. 
As the frequency increases, the half-power beam width (HPBW) decreases while the sidelobe levels 
increase. Using the HPBW empirical formula given in 111 for po~yrod antennas, i.e., HPBW = 60°/& 
where LA is the length of polyrod in free-space wavelength, we can estimate the HPBW for our DR rod 
antenna. That is 

frequency estimated measured error 
4.0 GHz 39" 41 O 4.9% 
4.3 GHz 37" 38' 2.6% 
4.6 GHz 36' 36' 0% 

It can be seen that although our DR rod antenna is relatively short (LA < 3), the directional character of the 
radiation pattern is already very obvious. A radiation pattern of the feeding helix is shown in Fig. 7 for 
comparison. 

Rigorous theoretical analysis of the DR rod antenna is very complicated. However, numerical 
solutions based on the volume integral formulation [6] are still possible provided that a fast and large 
memory size computer is available. 

IV) REFERENCES 
[l] G. E. Mueller, and W. A. Tyrrell, "Polyrod Antennas," Bell System Tech. J., vol. 26, pp. 837-851, 

Oct. 1947. 

17-17 

Authorized licensed use limited to: National University of Singapore. Downloaded on June 6, 2009 at 06:36 from IEEE Xplore.  Restrictions apply.



[2] 

[3] 

[4] 
[5] 

[6] 

R. Chattejee, Dielectric and Dielectric-Loaded Antennas, England: Research Studies Press La, 
1985. 
H. T. Hui, Edward K. N. Yung, and Y. M. Bo, " Experimental and theoretical studies of a DR loaded 
helical antenna,", IEEEAP-SlnternationaI Symposium, vol. 4, pp. 1887-1890, 1995. 
J. D. Kraus, Antennas, 2nd Edition, New York McGraw-Hill, 1988. 
H, Schrank, T, Milligan, and N, Herscovici, "The aperture-coupled helix antenna," IEEE Antennas 
andPropagationMagazine, vol. 37, no. 3, pp. 47-50. 1995. 
J. J. H. Wang, Generalized moment methods in electromagnetics, John Wiley & Sons, Inc., Ch. 7, 
1991. 

DRmd,Er  

D ) C  -Fading 

Fig. 1 The configuration of the cylin+cal 
DR rod antenna fed by n short helix Fig. 2 The VSWR of the DR rod antenna 
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Fig. 4 The relative power m v e d  versus frequency (4 E 90') 
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