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Abstract
The helical antenna is also called as the helix antenna. Generally 
the Helical antennas are using for the satellite communication and 
space communication because this type of antennas are provide the 
much or higher gain. The gain of the helical antennas is increasing 
by decreasing the spacing between the turns of coil and also the 
increasing the number of turns in the helical antenna. Designing 
and the calculation for this new antenna have been done with the 
help of HFSS (High Frequency Structure Simulator) software. By 
increasing the number of turns and decreasing the spacing between 
the turns of coil, the gain of the axial mode helical antenna on 
S-band and Ku-band increased at the central frequency compared 
to the L-band.
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I. Introduction
In 1946, the john Kraus discovered the helical antenna. These 
antennas have been popular in satellite communication and space 
communication because they provide much gain. The helical 
antenna have the unique property is circularly polarized radiation. 
The performance of the helical antennas are depends on the number 
of turns, pitch and radius of antenna. Monofilar and Multifilar 
helical antennas are widely used for the satellite communication 
system because of circular polarization [1][6].The helical antenna 
operates on two modes, one is the normal mode and other is the 
axial mode. The normal mode helical antenna is also called as the 
Broadside helix and the axial mode helical antenna is also called 
as the End-fire helix.

In the normal mode, the radiation occurs in the plane perpendicular 
to its axis. This type of antenna is used in portable radios and 
in single side band. In the axial mode the antenna radiates the 
radio waves in circular polarization and the radiation occurs in 
the direction of its axis.

II. Different Parameters of the Helical Antenna
The parameters of the helix antenna are shown in below table1 and 
the basic structure of helical antenna shown in fig. 1 [1]. The height 
of the antenna (L) and the relation between spacing between turns 
(S), circumference (C) and pitch angle (α) are defined as, [2]

If one turn of the helix is unrolled, as shown in fig. 1 (b) the 
relationships between S, C, α and the length of wire per turn are 
obtained as, [2]
s = L sin α = c tan α                            (1)

L = (S2+C2)1 ⁄ 2 = (S2 + π2 D2 )1 ⁄ 2   (2)

Directivity
It is the ratio of maximum power density to its average value 
over a sphere

D = C2
λ NS                                                          (3)

Where, the N is indicates the number of turns, S indicating spacing 
between turns, D indicating the directivity and Cλ indicating the 
circumference of the antenna.

Table 1: Various Parameters of Helical Antenna [4-5]

       (a)    (b)
Fig. 1(a): Geometry of Helical Antenna; (b) Unrolled Turn of 
Helical Antenna [2-3]

Half-Power Beam width
The equation for the HPBW is,

    (4)

Input Impedance
The equation for the input impedance is,
R=140Cλ (Ohms)                                              (5)
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Bandwidth
An empirical expression for theBandwidth is,
Bandwidth,

     (6)

Axial Ratio
The polarization of this mode is elliptical with an axial ratio given 
by

     (7)

III. Results of the Helical Antenna
To find the other parameters of helical antenna we need to know the 
operating frequency (f).Let us suppose the designing frequencies 
are 3GHz and 15GHz respectively, for S-band and Ku-band.

Table 2: Calculation of Various parameters of helical antenna

parameters Value at 
L-band

Value at 
S-band

Value at 
Ku-band

Frequency (GHz) 1.7 3 15
Gain (dB) 15.98 16.36 16.69
Number of turns 14.03 17 17
Winding step (mm) 31.7 23 5
Ideal Diameter (mm) 61.3 31.8 6.36
Antenna Length (mm) 444.7 391 85

By observing the table we show that the antenna length is changes 
by decreasing the value of turn spacing and increasing the number 
of turns on S-band and Ku-band. By using of this method we can 
make a compact size of antenna.

IV. Simulation Results

Fig. 2: Design structure of helical antenna on HFSS software at 
S-band

Fig. 3: Graph for 2D Gain of LHCP helical antenna at S-band

Fig. 4: Design Structure of Helical Antenna on HFSS Software 
at Ku-band

Fig. 5: Graph for 2D Gain of LHCP helical antenna at Ku-band

V. Conclusion
In this paper, the axial mode helical antenna designed at S-band 
and Ku-band. The results of the S-band at central frequency 3 GHz 
compared with the results of the Ku-band at central frequency 15 
GHz by using of the HFSS (High Frequency Structure Simulator) 
software. The designed helical antenna in this simulator, which 
is placed over the square ground conductor. For enhancing the 
gain of helical antenna, we increasing the number of turns and 
reducing the spacing between the  turns of coil of the helical 
antenna. So, the gain of the helical antenna increasing up to 16.69 
dB an the Ku-band and also reduces the height of axial mode 
helical antenna.

VI. Future work
The work was done on the S-band and Ku-band at the central 
frequency. By using of this method, we can also improvement the 
different parameters of the axial mode helical antenna at different 
band such as Return loss, Directivity, input impedance and VSWR 
value.
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