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1. Introduction 

 
Broadband antennas are currently very appealing for airborne [1] applications. However, due to the requirements for 

conformality, flexibility, and robustness, antenna design for such applications is difficult. Conformal antennas that 

can be mounted on any arbitrary curved surface have garnered increased attention in recent years. The utility of 

these antennas for a missile or unmanned aerial vehicle is one of the most influential aspects of their significance. 

The primary goal of creating conformal antenna structures is to achieve omnidirectional azimuthal coverage. The 

antenna must typically be low profile and flexible in order to achieve a perfect attachment to a given surface. As a 

result, printed antennas have become the most commonly used form in the design of microwave conformal antennas 

[2,3]. Spirals and helices are used in the literature to achieve broadband characteristics with circular polarization. 

Indeed, spiral antenna designs, on the other hand, are easily realized using PCB technology and readily conformable. 

 

Spiral antennas are circularly polarized (CP) antennas with relatively constant input impedance and radiation pattern 

characteristics over a broad frequency band. They are utilized in numerous communication platforms, navigational 

systems, and ground and space exploration stations [4–6]. Due to their wide impedance bandwidth, spiral antennas 

are considered frequency-independent (FI) antennas. The effective aperture of the ideal FI antenna for low-

frequency radiations must be infinitely large. To overcome the high-frequency limitations, the feed region must be 

infinitesimally small and microscopic [7]. Only a FI antenna has distinct near-field and far-field characteristics in 

this situation. Typically, the upper frequency limit is determined by the balance-to-unbalance (balun) accuracy and 

the size of the excitation network. 

 

In this paper, we suggest a BSA, which is fed by a balun to excite the balanced mode. The antenna that was designed 

has been built, and its performance has been measured. Here’s how the rest of this paper is put together; The 

Archimedean spiral antenna and Balun design is talked about in Section 2. In Section 3, the parametric studies of 

simulated near-field and far-field characteristics of conformal BSA have been discussed. In section 4, the 

experimental validation is given and the last part of this paper is the conclusion, which is in Section 5. 

 

2. Conformal Spiral Antenna with Balun  

2.1 Spiral antenna design 

An antenna consisting of a self-complementary Archimedean spiral with two non-planar arms is designed. The 

spiral antenna is designed on FR4 substrate with ↋� equal to 4.4 and thickness equal to 0.1 mm. The proposed spiral 

antenna is circular in shape with diameter ‘D’ (74 mm). It is mounted on a curved rectangular copper plate of side 

length ‘l x b’ (232 ×150 mm2) with radius ‘Rcurved’ (100 mm). The conducting plate thickness of 3 mm is used for 

unidirectional radiation with an air gap of ‘h’ (9 mm) for better matching, which is shown in Figure 1. The 

impedance of the antenna input is 160 Ω. The spiral antenna design parameters are optimized in such a way that 

broadband frequency range could be achieved. The Archimedean spiral is generated by the following mathematical 

equation – 
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Where, the distance between neighbouring arms denoted by ‘a’ (1 mm), and the width of the arm denoted by ‘w’ 

(1.15 mm). The inner radius of the spiral is denoted by the notation ‘r0’ or ‘rinner’ (0.48 mm). The outer radius, 

denoted by ‘rout’ (29.85 mm). The spiral antenna emits electromagnetic radiation from a place where the spiral’s 

circumference is one wavelength.  

 

Figure 1. Geometry of the conformal spiral antenna. 

This is designated as the spiral’s active zone. The currents at complementary or opposing locations on each arm of 

the spiral are fed 180° out of phase. Thus when the diameter of the spiral is one wavelength, the currents at points on 

each arm of the spiral that are opposite or complementary come together in phase in the far-field. The arm’s width 

and gap between of each arm can be found from the Equation (3). 
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Where, N is the number of turns in the spiral. The theory of operation applies to all spirals, regardless of their shape 

(circular or square) or type, as long as they are tightly wound (w > 0.25) [8]. The spiral antenna’s operation is 

mainly based on the radiation band theory, which claims that the spiral mostly radiates from annular bands with 

circumferences that are an integer multiple of a wavelength [9].  

2.2 Balun feed mechanism 

The balun shown in Figure 2 is an altered planar back-to-back tapered microstrip to parallel strip configuration. The 

balun structure was built on a FR4 epoxy substrate with ↋� 4.4 and a thickness of 0.8 mm. The proposed balun is 

made up of two separate parts. One part is the parallel strip that is connected to the antenna. Its impedance is the 

same as the antenna’s input impedance. The other part is a microstrip line with a ground plane that gradually gets 

narrower until it looks like a parallel strip. The taper does the work of changing the mode and impedance. Balun can 

be created by solving the following equation: 
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Where ‘z’ is the place on the length 0&, where 0& is total length of tapper. The microstrip line has an input impedance 

50 Ω (Z0) and output impedance 160 Ω (ZL). Microstrip output impedance equals parallel strip impedance (ZL). 



 

Figure 2. A microstrip-to-parallel-strip balun. 

Table 1. The specifications of the Balun for the tapered microstrip to parallel strip connection 

Dimensions         Values (Unit in mm) 

lb 20.5 

wb 16 

WUn-bal 1.52 

Wbal 0.32 

Wground 11.57 

 

It has been determined that the microstrip line should have an initial width of WUn-bal in order to achieve a 

characteristic impedance of 50 Ω. The characteristic impedance equation is presented in [8], and it is used to 

calculate the top strip width of the microstrip line. The parameters sweep method, along with the HFSS simulation 

software, is used to determine the ground plane width, which is denoted by Wground. Repeating this procedure allows 

for the parallel strip impedance to be brought down to 160 Ω. In [10], an exponential taper equation is provided that 

can be used to calculate the position ‘z’ along the given taper, the total length of the taper denoted by the variable 

‘lb’. The two typical impedances (Z0 and ZL) that change on the line with position ‘z’. 

3. Simulated near-field and far-field characteristics 

The conformal antenna design has degradation in the impedance bandwidth due to shape change. So, the analysis 

has been performed and analyzed. The parametric studies have been performed on the flaring angles (in degrees). 

The parametric variation in the flaring angle of the curved surface (conformal) for the S-parameter, axial ratio, and 

realized gain is shown in Figures 3-5. 

Here we use Ansoft HFSS EM simulation software to simulate the proposed conformal Archimedean spiral antenna 

structure. The parametric studies at various flaring angles are depicted in the figures below. As can be seen from the 



simulation results, the designed antennas of Reflection coefficient at different flaring angles in intended band (2 

GHz to 12 GHZ). These flaring angles are calculated as by using below relation- 
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As we have discussed in section 2 that the diameter of the spiral antenna ‘D’ (D=74mm) and (Rcurved = 100mm).  

Mathematically: 

                                                       74 = 2×π×100× 
6

78	
 

                                                      θ = 42 degree 

All other flaring angles have been calculated in the same way. 

 

Figure 3. Simulated Reflection Coefficient at different flaring angles.  

 

Figure 4. Simulated Axial Ratio plot at different flaring angles. 



 

Figure 5. Simulated Realized Gain plot at different flaring angles. 

It is noted that in parametric analysis by optimizing the air gap and the depth (Rcurved), the different flaring angles is 

formed, which helps for achieving better circular polarization. As shown in Figure 4, the axial ratio at 42 degree is 

the best of all flaring angles. Similarly, Figure 5 shows the realized gain parametric at different flaring angles. 

4. Experimental Validation 

A prototype of the proposed BSA is fabricated and validated through measurement in an Anechoic chamber, as 

shown in Figure 6. 

 

Figure 6. A constructed model of the proposed antenna 

Figures 7 and 8 show the proposed antenna’s simulated and measured reflection coefficients and axial ratio. Due to 

manufacturing tolerance, the operating band of CP is observed to be marginally lower than that of impedance 

bandwidth. The -10dB impedance band spans between 2 and 12 GHz. With a bandwidth of 142%, the axial ratio for 

CP can be seen to be less than 3 dB. Figure 9, displays the simulated and measured antenna gain results. As a result 

of degradation on the lower frequency side, the total operating band of the antenna is nearly 140%. Figure.10 shows 

that when cross polarization is low, good RHCP and LHCP patterns can be made. The simulated and measured 

outcomes correspond well. It demonstrates its suitability as a candidate for the broadband conformal FI antenna for 

airborne applications. 



 

Figure 7. Simulated and measured Reflection Coefficient of the prototype at 42 degree. 

 

Figure 8. Simulated and measured Axial Ratio of the prototype at the flaring angle of 42 degree. 

 

Figure 9. Simulated and Measured Realized Gain plot at the flaring angle of 42 degree. 



 

Figure 10. Simulated and Measured LHCP (Left hand CP) and RHCP (Right hand CP) normalized 

radiation patterns at 6.5 GHz for 42 degree flaring angle (a) XOZ-Plane (b) YOZ-Plane. 

5. Conclusion 

This paper has presented a conformal broadband spiral antenna suitable for airborne applications. The primary 

advantages and disadvantages of using conformal antennas have been discovered through this study. In general, 

conformal antennas are recommended when highly broad-beam radiation patterns are sought. The most significant 

disadvantage of conformal antennas is their higher manufacturing complexity and cost. The results demonstrate that the 

conformity has a significant impact on the impedance bandwidth, polarization and gain. Conformal spiral antenna 

attached to a curved conducting plate with an air gap provides broader beams but with limited back radiation to avoid 

affecting the polarization characteristics, which makes their integration possible in airborne application. The proposed 

conformal structure of spiral antenna provides broadside radiation pattern with circular polarization in overall 

bandwidth. The experimental verification of the proposed antenna has an overall bandwidth (|S11 | < −10 dB, AR < 3 

dB) of 140 % with a maximum of 5.3 dBic realized gain.  
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