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Abstract. 
A broadband planar phased array consisting of 22 linear printed dipole antennas (PDA) is presented in this paper. The element is designed by a coax probe feeding mechanism with a ground plate configuration. The PDA with two arms placed on both sides of a substrate is realized. The inner conductor of the coaxial cable is connected to the PDA’s upper arm, and the outer conductor is connected to the PDA’s lower arm, so it eliminates the balun. The impedance bandwidth of the PDA array can be improved by increasing mutual coupling effect between the adjacent array elements. A dielectric layer, which is integrated on the surface of the antenna, is designed and fabricated to improve the impedance bandwidth and to shield the array. The measured results indicate the active VSWR is less than 3 over the frequency range of 4–20 GHz.


1. Introduction
In recent years, the demand for broadband phased arrays, which are capable of large scan volumes and suitable for conformal applications, is steadily increasing due to the desire to replace multiple sensors with a single multifunction aperture in a low-profile installation, provide higher data rates, and operate over a wide field of view. In general, the technology of phased array antenna which is based on Vivaldi antenna [1–3] or microstrip patch antenna [4, 5] is mature. Unfortunately, the Vivaldi antenna is not easy to be coplanar, and bandwidth of microstrip patch antenna is not wide.
To solve the problem, a methodology of forming broadband array from tightly-coupled, electrically small elements has been proven by other researchers [6–8]. Harris has demonstrated that the current sheet array (CSA) technology can be applied to a wide range of frequency bands and array sizes. The active VSWR is 3 or better over the entire 2–18 GHz band [9]. Furthermore, Durham invented a new CSA structure to solve the problem [10]. Each dipole antenna element comprises a medial feed portion, and a pair of legs extending outwardly therefrom, and adjacent legs of adjacent dipole antenna elements include respective spaced apart end portions. A respective impedance element is electrically connected between the spaced apart end portions of adjacent legs of adjacent dipole antenna elements for providing increased capacitive coupling therebetween. However, there is a shortcoming in the structure. Balun is needed to achieve the connection between the element and the coax probe in the antenna structure, which is hard to design when the space between the elements is small.
In order to eliminate the balun, the paper gives another method to form broadband array from tightly coupled elements. The structure is different from the CSA. First, the inner conductor of the coaxial cable is connected to the PDA’s upper arm, and the outer conductor is connected to the PDA’s lower arm, so eliminate the balun. Second, the implementation of the interelement coupling was accomplished using flat capacitors. In this paper, a planar linear phased array antenna with 22 elements is designed and fabricated. The measured results indicate the active VSWR is less than 3 over the frequency range of 4–20 GHz.
2. Antenna Element Design
The structure of the center antenna element in infinite array along 
	
		
			

				𝑦
			

		
	
-direction is shown in Figure 1. The antenna element is composed ofa dielectric layer, PDA, a feeding coaxial cable, and a ground plate. The element is designed by a coax probe feeding mechanism with a ground plate configuration. The PDA with two arms placed on both sides of a substrate is realized. The inner conductor of the coaxial cable is connected to the PDA’s upper arm, and the outer conductor is connected to the PDA’s lower arm, so it eliminates the balun.























































	
		
			
		
			
		
		
			
		
	




	
		




	
		
			
		
			
		
		
			
		
	


	
		


	
		





	
		
			
		
			
		
		
			
		
	



	
		


	
		




	
		
			
		
			
		
		
			
		
	


	
		






	
		
			
		
			
		
		
			
		
	


	
		


	
		




	
		
			
		
			
		
		
			
		
	








































































	
		



	
		


	
		


	
		


	
		


	
		


	
		


	
		












	
		
			
		
			
		
		
			
		
	







	
		
			
		
			
		
	


	
		
			
		
			
		
	








	
		
			
		
			
		
		
			
		
	







	
		
			
		
			
		
		
			
		
	





	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
		
			
		
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
	
	
	
	
	


	
	
	
	
	


	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	


	
		
			
		
			
		
	


	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	


	
	
	
	
	
	


	
	
	
	
	
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
		
			
		
			
		
	


	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
































	
		
			
		
	


	
		
			
		
	


	
		
			
		
	


	
	
	
		
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	


	
	
	
		
			
			
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
		
			
		
	


	
		
			
		
		
			
		
	


	
		
			
		
		
			
		
	


	
		
			
		
		
			
		
	


	
		
			
		
		
			
		
	


	
		
			
		
		
			
		
	


	
		
			
		
		
			
		
	


	
		
			
		
		
			
		
	


	
		
			
		
		
			
		
	


	
		
			
		
		
			
		
	















Figure 1: Structure of the center antenna element in infinite array.


The parameters of two substrate layers are 
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, and the size of arm is 
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. The distance between its PDA and ground plate is 
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. The antenna is symmetrically relative to the center antenna. Besides, there is a feed coaxial cable located in the center line of the antenna.
The arms of adjacent array elements constitute flat capacitors, which improve the impedance bandwidth by operating strong capacitive-couple effect. However, there are some differences between this type of elements and the antenna mentioned in [9]. First, the inner conductor of the coaxial cable is connected to the PDA’s upper arm, and the outer conductor is connected to the PDA’s lower arm, so eliminate the balun. Second, the implementation of the interelement coupling is accomplished using flat capacitors as shown in Figure 1, while the CSA is using interdigital capacitors in [9]. The design way is performed using the periodic moment method (PMM) code, which can analyze infinitely periodic planar structures comprised of thin wires and lumped circuit element surrounded by dielectric layers [10].
To analyze the effects of the mutual coupling on the matching of the center element in infinite array, the active VSWR of the center element within the mutual coupling effect is simulated by HFSS. By adjusting the thickness of Sub2 and the size of the match line, the discontinuity will be compensated, which leads to a nice performance of impedance match. The optimized thickness of Sub2 is 4 mm, and the size of the match line is 8.5 mm × 1.5 mm. The other parameters are as follows: 
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. The length of the periodical center element in infinite array is 8.7 mm. The array lattice of 8.7 mm allows the main beam to be scanned between −30° and 30° over the frequency of 4–20 GHz without grating lobs. So the center element can be simulated easily in an infinite environment. As can be seen from the results in Figure 2, the operation bandwidth (the active VSWR < 3) of the center element in infinite array is from 4 to 20 GHz.


	


	


	


	


	
	


	
	


	
	


	
	


	
	


	
	


	
	

























	


	


	


	


	


	
	


	
	


	
	






















	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	





	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figure 2: Simulated active VSWR of the center element in infinite array.


3. Planar Phased Array Antenna Construction and Measured Results
A prototype planar antenna built up by 22 elements proposed in Section 2 is fabricated along the 
	
		
			

				𝑦
			

		
	
-direction, which is shown in Figure 3. The space between the element is 8.7 mm. Each element is equal, and its parameters are the same as the above antenna element. The measured and simulated active VSWR of the center embedded in 22-element array is shown in Figure 2. The measured bandwidth of VSWR less than 3 is from 4 to 20 GHz. Compared to the simulated result, there is a certain fluctuation in high frequency due to the material of Sub2 (FB4M), which can do well only under 12 GHz. What is more, these results indicate that the matching characteristic of the center element in large array can be estimated through the center element in infinite array, which is advantageous to decrease the difficulty of the model construction and the requirements for the computing devices. The fabrication and construction errors will also result in the deterioration of the antenna performance. The errors are mainly caused by the displacement of the layers in this antenna.
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Figure 3: Prototype planar phased array antenna. (a) Array antenna and (b) Array antenna with the power divider.


In order to verify the center 8-element linear array’s radiation characteristic (the rest element match to the load), 8-way power divider is designed and processed over the frequency range of 8 GHz-9 GHz. The radiation of the center linear array is measured with an 8-way power divider, whose results are shown in Figure 4. The measured results are similar to the simulated results, which present a pretty radiation characteristic at 
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 GHz and 
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 GHz. The maximum relative sidelobe level in the E-plane is −16.5 dB at 
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 GHz and −12.5 dB at 
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				=
				9
			

		
	
 GHz. Because of the bandwidth limit of the power divider (range of 8-9 GHz), the paper gives the simulated gain of the center 8-element array over the range of 4–20 GHz and only gives the measured gain of 8-element array from 8 GHz to 9 GHz, whose results are shown in Figure 5. The simulated gain is comparatively stable in the operation bandwidth, and the maximum value is 6.45 dBi at 20 GHz. The measured gain (8-9 GHz) is similar to the simulated results.


	


	
	


	
	


	




























	
	
	
	
	
	
	
	
	
	
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	
		
			
		
		
			
			
			
			
			
		
	

(a) E-plane at 8 GHz


	
	
	
	
	
	
	
	
	
	
	














	




















	
		
	
	
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	


	
	


	
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	
		
			
		
		
			
			
			
			
			
		
	













(b) H-plane at 8 GHz





























	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	


	


	
	
	
	
	
	
	
	
	
	
	


	
		
	
	
		
		
	


	
		
			
		
		
			
			
		
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	


	
	


	
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	




	
		
			
		
		
			
			
			
			
			
		
	













(c) E-plane at 9 GHz































	
	
	
	
	
	
	
	
	
	
	


	


	
		
	
	
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	
		
	
	
		
	


	


	
	


	
	


	
		
	
	
		
		
	


	
		
	
	
		
		
	


	
	
	
	
	
	
	
	
	
	
	


	
	
	
	
	
	
	
	
	
	




	
		
			
		
		
			
			
			
			
			
		
	













(d) H-plane at 9 GHz
Figure 4: Measured and simulated radiation patterns of the center linear 8-element array at different frequencies. (a) E-plane at 8 GHz. (b) H-plane at 8 GHz. (c) E-plane at 9 GHz. (d) H-plane at 9 GHz.
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(b)
Figure 5: (a) Simulated gain of the center 8-element array over the range of 4–20 GHz. (b) Measured and simulated gain of the center 8-element array from 8 GHz to 9 GHz.


4. Conclusions
The novel ground-backed PDA represents a significant departure from the conventional approach to phased array design, which is utilized for the element due to its ability to compensate for the impedance variation with frequency. The structure is different from the CSA. First, the inner conductor of the coaxial cable is connected to the PDA’s upper arm, and the outer conductor is connected to the PDA’s lower arm, so eliminate the balun. Second, the implementation of the interelement coupling was accomplished using flat capacitors. The measured results indicate that the array has a wide bandwidth and a pretty radiation. It is adapted to build up the planar phased array systems.
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