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ABSTRACT: A Pi-wall shaped partial cavity backed 1½ turn helical antenna has been designed. The helix turns are kept low to 
provide compact design. The gain and bandwidth re-configurability is achieved by placing the helix in center of the Pi-wall 
shaped partial cavity which thus can be rotated about its axis providing reflections from the walls at various rotation angle. 
The rotational angles of the helix are varied with the incremental step size of 45o

 in anticlockwise direction. The odd number 
of turns will provide asymmetry of the helix with respect to the cavity walls and will thus excite various resonant bands as the 
helix is rotated inside the designed cavity. A Computer Simulation Tool is used for the design verification. The antenna is 
operating in the range of 5-15 GHz and has a peak gain of 7.5 dB and a highest bandwidth of 3.69 GHz. The Pi-shaped partial 
cavity is fabricated with lightweight aluminum metal and the helix is made of copper. Slight geometrical modification was 
made during the process of fabrication to improve the bandwidth response of the antenna. The antenna being conformal and 
robust in design may find its application for personal wireless communication and rough terrain areas. 
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1 INTRODUCTION 

The helical antenna was first introduced by Kraus in 1946 [1] and in the past five decades it has gone through various 
design modifications with aim of improving basic antenna parameters. Now a days helical antenna finds its application in 
WLAN, satellite communication, military applications etc. and therefore a demand arises to employ a design with conformal 
shape, reconfigurable characteristics and robustness which can significantly help in communication at various bands as and 
when application demands. So to incorporate all such features, a partial cavity has been designed in the shape of “Pi” which 
back a 1½ turn helical antenna.  

It is important to find the best suited orientation of helix inside the cavity which results in desirable resonating bands. 
This is done by rotating the helical antenna with an offset angle of 45o

 degree in anticlockwise direction inside the cavity. At 
these various angles, the antenna response is extracted using Computer Simulation Tool. 

2 ANTENNA DESIGN 

Initially a Pi-wall shaped partial cavity has been designed as shown in Fig. 1. The cavity has a width of 24mm, wall height 
of 20mm and wall thickness are kept as 2mm. With the employment of Pi shaped for the design of cavity, not only it provides 
conformability but also helps to confine the electric field vector and thus improves the resonant bands. A rectangular helix 
with strip width of 2mm and thickness of 1mm is designed which is loaded inside the cavity. Fig. 2 shows the helix 
geometrical configuration. Here the turns of helical antenna are compromised and limited to values 1½ only. This is done to 
provide compactness to the design and also 1½ turn will provide an odd symmetry with respect to the cavity walls and will 
help in achieving different resonant bands as it is rotated inside the partial cavity. Fig. 3 shows the various rotation angle 
performed inside the partial cavity. 



A Novel Approach for Gain and Bandwidth Re-Configurability in Helical Antenna 

 

 

ISSN : 2028-9324 Vol. 4 No. 1, Sep. 2013 234 
 

 

  

                                                   (a)                      (b) 

Fig. 1. Design of Pi-wall partial cavity backed 1½ turn helical antenna 

 

 

  

                                               (a)                           (b) 

Fig. 2. Helix geometrical configuration 
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Fig. 3. Top view of helix rotation inside the Pi-wall shaped cavity 
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3 RESULTS AND DISCUSSION 

This section illustrates the response of helical antenna as it is rotated inside the partial cavity. The extraction of antenna 
basic parameters like gain, reflection coefficient, near E-field distribution etc. are done using time domain solver of CST 
Microwave Studio Suite. The analysis begins with the extraction of reflection coefficient plot as shown in fig.4. From Fig. 1b, 
as the walls location are at 0o and 180o facing opposite to each other, reflection from both the metallic walls give appreciable 
bandwidth. At 0o

 position, the frequency bands are at 7.72-9.2 GHz and 13.39-15.3 GHz with a total bandwidth of 3.39 GHz, 
whereas at 180

o
 position the frequency bands are at 7.75-9.94 GHz and 13.38-15.38 GHz possessing a bandwidth of 3.69 GHz 

which is the highest bandwidth available in this design. 

 

Fig. 4. Comparative plot of reflection coefficient at various helix rotations 

The other dual bands are comparable at 45o and 225o with a bandwidth of 2.71 GHz and 2.62 GHz respectively as shown 
in Fig.4. The next pair is comparable at 90o

 and 270
o
 with a bandwidth of 1.39 GHz and 1.45 GHz respectively. The last pair of 

similar frequency response is at 135o and 315o with a bandwidth of 1.10 GHz and 1.09 GHz. It is important to note that the 
highest bandwidth is at 0o and 180o position due to the fact that spacing between walls and the helical antenna is less and 
thereby increasing the reflections from the walls. The intermediate bandwidth which is at 90o and 270o position is due to 
orientation of helix end towards the open space. So an observation has been made that along with the spacing parameter, 
helix tip end orientation also plays significant role in bandwidth variation. The complete bandwidth analysis is shown in 
Table.1 

Table 1. Bandwidth analysis of Pi-wall partial cavity 

Sr. No Helix Position No. of Bands Frequency Bands (GHz) Bandwidth(GHz) 

1 0
o 

Dual 7.72-9.2 & 13.39-15.3 3.39 

2 45
o 

Dual 9.48-11.19 & 14.9-15.9 2.71 

3 90
o 

Single 12.98-14.37 1.39 

4 135
o 

Dual 6.09-6.34 & 13.526-14.385 1.10 

5 180
o 

Dual 7.75-9.44 & 13.38-15.38 3.69 

6 225
o 

Dual 9.53-11.19 & 14.94-15.9 2.62 

7 270
o 

Single 12.98-14.43 1.45 

8 315o Dual 6.10-6.35 & 14.37-13.53 1.09 

 

Similar to bandwidth analysis, a comparative gain plot is also extracted at various helix rotations inside the cavity as 
shown in Fig.5. It is found that a highest gain of 7.5 dB is available at 45

o
 position and a similar gain is available at 225

o
 

position. So taking the diagonals into consideration, the gain is at 45
o
 and 225

o
. Similarly at 90

o
 and 270

o
 the gain is 7.2 dB, 

and at 135o, 315o the gain is 6.6 db.   
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The gain is symmetrical in the diagonals due to symmetry of the walls which can be observed from the Fig. 1a. The 
complete gain analysis is shown in Table.2. 

      

Fig. 5. Comparative gain plot at various helix rotation angles 

 

Table 2. Comparative Gain analysis 

Sr. No Helix Position Peak Gain (dB) 

1 0
o 7.1 

2 45
o 7.5 

3 90o 7.2 

4 135o 6.6 

5 180o 7.1 

6 225o 7.5 

7 270o 7.2 

8 315o 6.6 

 

 

Fig. 6. Plot of reflection coefficient at 135
o
 helix rotation 
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Fig. 7. Plot of reflection coefficient at 315
o
 helix rotation 

The comparative plot of measured and simulated results for some the helix rotation is shown in Fig. 6-7. It is observed 
that, the measured bandwidth for 135o helix rotation is 2.9 GHz whereas the simulated bandwidth is found to be 1.10 GHz 
only. So an increase of 1.8 GHz in the bandwidth is observed and similar is the case of 315

o
 position where the measured 

bandwidth is 1.9 GHz and the simulated bandwidth is 1.09 GHz only.  This increase in the measured bandwidth is due to the 
lofting of helix base and feed pin joint in practical implementation whereas in simulation, the joining point between feed pin 
and helix base is abrupt which can be clearly seen in Fig.2a-2b. So a peculiar observation has been noted down that, lofting 
between helix base and feed pin helps to improve the geometry continuity and thereby improves the current distribution 
along the antenna. 

The maximum power handling capacity of the antenna is also investigated here. With the intensity of near field electric 
vector as 10692 V/m as shown in Fig.8 and assuming breakdown threshold of copper as 50 MV/m, the maximum power 
handling capacity comes out to be 21.86 MW which is given by [2]-[13]. 

 

 

Fig. 8. Near E-field distribution in Pi-wall cavity 

4 CONCLUSION 

The designed Pi-wall partial cavity backed 1½ turn helical antenna meets the requirement of re-configurable gain and 
bandwidth, conformability and robustness making it suitable to use for the applications which demands such features. It is 
found that by varying the spacing between helical antenna and the walls, an application oriented response can be achieved. 
Also it observed that the practical results were having improvement over simulated results. 
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