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ABSTRACT
This work presents a customized spiral antenna exhibiting dual band operating in the (3.17-3.53) GHz frequency range which can be used for 5G applications. This frequency range is widely employed for RFID, IoT devices, wireless sensor networks, and short-range industrial communications, all of which demand cost-effective antennas with stable radiation characteristics. The proposed antenna, was designed and optimized on FR-4 substrate with dielectric value (4.3) using CST Studio Suite. It achieved efficient impedance matching and wideband coverage across the S-band. A return loss less than -10 dB and VSWR below 2 were maintained throughout the operating frequency range, confirming proper impedance matching . The antenna exhibits radiation efficiency of 50.1%. Featuring a simple structure, wide operational bandwidth, and stable omnidirectional radiation pattern, the proposed spiral antenna shows strong potential for S-band applications.
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INTRODUCTION
As modern wireless communication technologies develop, the complexity of microstrip patch antennas has increased correspondingly [1]. Spirals are one of the oldest forms of frequency-independent antennas. Owing to their size, they had been discarded since they were in wide use prior to World War II [2]. The bandwidth of Archimedean spiral antennas makes them good choices for a variety of commercial products [3]. Archimedean spirals dominate in patch antenna designs due to their appropriateness for unidirectional applications; centre-fed Archimedean spirals using baluns traditionally sacrificed frequency independence and generated bulky designs. [4]. The Archimedean spiral antennas' phase centre is not fixed and the relatively complex feeding network will bring massive distortion while broadcasting and receiving wide signals [5]. Spirals are often used in antenna applications and for further miniaturization thanks to their ability to decelerate wave propagation inside the antenna structure, thus enabling size reduction [6]. Spirals are one of the most popular structures when designing frequency-independent antennas [7]. These antennas' materials exhibit distinctly different electrical properties and fabrication techniques than those of traditional metallic antennas, which complicate the design and fabrication process despite the enhancement of flexibility and stretchability. It is worth noting that the good circularly polarized radiation and broad bandwidth are two prominent attributes of the planar spiral antenna. [8][9]. Moreover, its spiral structure inherently possesses mechanical deformability which allows flexibility and adaptability in various physical environments or applications. [10]. When bent or stretched, the in-plane and out-of-plane deformations of spiral antennas can offer flexibility that is necessary for soft electronics. However, the balun structure for balanced-to-unbalanced conversion and impedance transformation in conventional planar spiral antennas is one of the major contributors to the overall antenna bulk [11]. This is against the demand for developing low-profile and miniaturized soft electronic s. The balun structure is relatively difficult to be made flexible since its performance under deformation is sensitive. An Archimedean spiral antenna with a hybrid structure combining both Archimedean and equiangular spirals was proposed by Choi et al. to reduce impedance. [12]. The designs of spiral antennas are generally based on logarithmic or Archimedean geometries [13][14] [15] [16] [17] [18][19]. According to the scaling principle by Rumsey, the Archimedean spiral antennas cannot be considered as fully frequency independent even though they exhibit large operating bandwidths [20]. Logarithmic spirals definitely present more frequency-independent characteristics than the Archimedean spirals especially in the configurations with fewer numbers of turns. [21] [22]. The geometries of the spiral antenna can take up square or circular shapes; it is important to note that the square spiral antennas have desirable features to be used for comparable performance at lower frequencies while considering the first radiating bands as compared to the circular spiral counterparts. [23][24][25]. SPIRAL antennas have been a topic of comprehensive study in the engineering literature since their invention in the 1950s [26]. Some common uses of these antennas include the classic applications in monopulse direction finding systems [27]. Spiral antennas are an excellent choice for mobile and satellite communication antennas because of their broad bandwidth and variation in the emission patterns [28][29][30][31][32][33] [34] [35] [36] [37] [38].
ANTENNA DESIGN GEOMETRY :
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Figure 1: A typical Spiral antenna geometry
In this paper, a self-complementary Archimedean spiral antenna design is shown. The following formulas were used to build the Archimedean spiral: –
                   and
                                                             (1)                    


Where,
  serves as the spiral's inner radius.
 value of   is established using the subsequent formula. –
                          
                                                                   (2)
Where,
w is each arm's strip width.
s is the distance between each rotation.
The valse of a self-complimenting Archimedean spiral s is equal to w. This equation can be used to determine the strip width:
                                   
                                      s = w =                                         (3)       
  
 Where,
  is the spiral's outer radius.
 N is the quantity of turns.
 The spiral's operational frequency is based on the value of  and . Using the fol lowing formula, the outer radius of the spiral determines the lower resonance frequency:
                                        =                                       (4)

Where,
is light's speed. Likewise, using the following formula, the inner radius of the spiral determines the high resonance frequency. 
                                     =                                         (5)
The antenna structure is designed to use a FR-4 dielectric substrate with a dielectric constant of 4.4 and a height of 5 cm. [33].  The Archimedean spiral antenna geometry was designed using the empirical formula’s of equations 1.2.3.4 and 5 [33]. The antenna was then optimized to obtain optimum results. The Archimedean spiral structure is inserted into an Archimedean spiral slot engraved into a circular patch antenna intended for a particular frequency. A circular patch with an embedded Archimedean spiral, fed by a microstrip feed line and positioned in the x-y plane with its normal parallel to the z-axis make up the resulting antenna.
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                                                                             Figure 2 : Antenna Design Flow Chart. 
Designing of the proposed spiral antenna employs a holistic approach in order to obtain the best results in the desired frequency band (S-band). The design approach for the antenna is explained in the flow chart in Fig. 1, which gives the entire process starting from the design frequency up to final simulations. The design process starts with choosing the design frequency, which in the proposed design is within the S-band. This aspect of design is very essential, which gives the basis for calculating geometric and electric properties of the antenna. The multi-layer antenna design consists of a metallic top layer in the form of a spiral, which is placed on the dielectric material with a fixed height of B = 5 cm, and a ground plane, which is shown in Fig. 3. Antenna dimensions and properties of the dielectric material, together with values of spirals P, Q, and R, largely determine results in the form of antenna characteristics. These parameters can be optimized through simulation to accomplish desirable characteristics for the antenna such as increased bandwidth or improved radiation patterns. Also, fabrication tolerances and material properties may rob reality from some simulation results in actual performance. The thickness of the metal A and the thickness of the ground C are 0.05 cm each, according to Table 2. In this configuration, mechanical stability will be achieved along with proper isolation, which is important to maintain constant radiation characteristics.
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                                                             Figure 3: Proposed antenna geometry 
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                                                 Figure 4: Stacked view of the proposed antenna geometry 


                                                          TABLE 1: ANTENNA DIMENSIONS

	        Serial no.
	                                   Notations
	    Dimension(cm) 

	              1
	                                  P
	                  9.5

	              2
	                                  R
	                  9.28

	              3
	                                  Q
	                 0.199

	              4
	                                  A
	                 0.05

	              5
	                                  B
	                   5

	              6
	                                  C
	                 0.05



SIMULATION RESULTS
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                                                                   Figure 5 : S11 plot for spiral antenna
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                                                                Figure 6 :  3D Gain plot of the antenna
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                                                                Figure 7 :  Polar plot of the antenna

The simulated reflection coefficient (S₁₁) depicted in Fig. 5 exhibits multiple resonance dips below -10 dB indicating good impedance matching and wideband characteristics of the optimized spiral antenna. Meanwhile, Fig. 6 illustrates the antenna’s 3D gain radiation pattern revealing directional or radiation characteristics. Wideband behaviour and impedance matching are crucial for antenna applications ensuring efficient signal transmission and reception. Resonance dips below -10 dB typically signify acceptable impedance matching whereas radiation patterns inform antenna’s directional properties and gain distribution., showing a directional radiation profile with significant gain, suggesting suitability for directional communication applications. The polar radiation plot shown in Fig. 7, exhibit a narrow pencil beam with a well-defined main lobe. These plots confirm the antenna’s directive nature, with a 3 dB beamwidth that supports high directivity and focused radiation
CONCLUSION:
A customized spiral antenna with high efficiency that resonates at 3.17 and 3.53 GHz has been described in the study, observing the outcomes of the simulation. It displays a simulated gain of 11.1 dBi and a radiation efficiency of roughly 50.1%. A state of art comparison table is presented in table 2.It shows that our proposed antenna model out performs the contemporary works in terms of gain and has also moderate a radiation efficiency as compare to other reported works.  We can now say that our proposed antenna model is a good candidate if we are going to design antenna for S-band application. Another advantage for our antenna is that it can be used for dual band applications                               

                                              TABLE 2: STATE OF THE ART COMPARISON
	


   Ref no

	
	                              Parameter

	
	Operating  frequency (GHz) 
	        Gain
      (dBi) 
	
Radiation  Efficiency
                
(%)

	         34
	  3.25- 3.625
	        5.87
	                  97%

	        35
	    3.1 - 5
	          22
	                  NA

	        36
	    3.4 - 3.6
	         -22
	                  NA

	        37
	    3.6 - 4.1
	         -7.37
	                  NA

	        38
	    3.3 - 3.7
	         -15 
	                  NA

	  This work
	   3.17 - 3.53
	         11.1
	                  50.1%.
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