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Abstract— This paper introduces a novel design of a 2x2 
microstrip patch array beam steering antenna integrated 
with pin diodes. The antenna system enables dynamic 
control over the beam direction, allowing for efficient 
wireless communication in various applications. By 
incorporating pin diodes, the electrical length of the patch 
elements can be modified, resulting in beam steering 
capabilities. The antenna operates in the 1.8 – 3 GHz band 
frequency range, utilizing cost-effective FR4 substrate 
material. Simulation and experimental evaluations 
demonstrate the antenna's performance, including return 
loss, radiation pattern, and beam steering range. This 
research contributes to the advancement of beam steering 
antenna technology, providing a practical and affordable 
solution for enhancing wireless communication systems. 
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I. INTRODUCTION 
In recent years, wireless communication systems have 
witnessed remarkable advancements driven by the ever-
growing demand for faster and more efficient data 
transmission. One critical aspect of these systems is the ability 
to steer the antenna beam dynamically, enabling enhanced 
coverage, improved signal quality, and increased capacity. In 
this context, the design and development of beam steering 
antennas have become a subject of extensive research and 
innovation. 
This research paper presents a novel design of a 2x2 
microstrip patch array beam steering antenna integrated with 
pin diodes, aimed at providing a practical and cost-effective 
solution for efficient wireless communication in various 
applications. By incorporating pin diodes within the antenna 

structure, the electrical length of the patch elements can be 
adjusted, thereby enabling beam steering capabilities. 
The proposed antenna operates within the 1.8 – 3 GHz 
frequency range, making it suitable for a wide range of 
wireless communication systems like wireless networks. 
Moreover, the antenna design utilizes a cost-effective FR4 
substrate material, ensuring affordability without 
compromising performance. 
To evaluate the performance of the designed antenna, 
comprehensive simulations and experimental measurements 
were conducted on Advanced Design System. Key parameters 
such as return loss, radiation pattern, and beam steering range 
were analyzed to assess the antenna's effectiveness in practical 
scenarios. The results obtained from these evaluations provide 
valuable insights into the antenna's performance and its 
potential for enhancing wireless communication systems. 
The rest of the paper is organized as follows. Proposed designs 
are presented in Section II. Experimental results are presented 
in section III. Concluding remarks are given in section IV. 

 
II. PROPOSED DESIGN 

A.  Single Microstrip Patch Design 
The patch dimensions directly influence the resonant 
frequency and impedance matching of the microstrip antenna. 
In this case, the patch has a length of 31.25 mm and a width of 
2.957 mm. These dimensions are chosen based on the desired 
operating frequency and other design considerations. The inset 
feed technique involves placing the feedline on the substrate, 
which is typically located at a distance from the radiating 
patch.  The location and dimensions of the feedline are critical 
in achieving optimal performance. 
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Fig. 1. ADS Layout for Single Patch 

 
B. Design of Phase Shifters 
To incorporate a phase shifter line within the patch to achieve 
a 45-degree phase shift for example, a specific design 

approach is necessary. The phase shifter line designed with 
dimensions of 15.625 mm to obtain a phase shift of 45 
degrees. 

 

 
Fig. 2. 45 deg phase shifter 31.25 mm away from patch 
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 For this purpose the following formula is used- Length in mm 
= 3(θ * λ (in mm) / 360)              (1) 
 
In similar fashion, we can design patches with phase shifters 
for 22.5, 45 and 180 degrees. 
 
C. Design of 2x2 Array with Phase Shifted Patches: 
Designing a 2x2 array with four patches, each shifted at a 
specific angle and utilizing a corporate feed network, offers 

enhanced radiation characteristics and beamforming 
capabilities. 
The corporate feed network is employed to efficiently 
distribute power to the individual patches in the array. It 
comprises a network of transmission lines, phase shifters, and 
power dividers that ensure proper phasing and amplitude 
distribution among the patches. 

 

 
Fig. 3. 2x2 Array Antenna Design 

 
D. Using TFRs as Equivalent for Pin Diodes 
In ADS, we can simulate varactor diodes with a biasing 
network to enable and disable any patch we want on the go. 
This requires support for ADS Co-Simulation. Another 
simplified approach would be to use thin film resistors, that are 
supported by EM Simulation.  
When studied, the RLC equivalent of varactor diode shows its 
heavy reliance on its resistive component when it comes to 

blocking a signal or letting it propagate through the feed line. 
For our simulation’s sake, we used 1 ohm resistance to 
simulate forward biasing condition and 30k ohms for reverse 
biasing condition. 
The patch we want to radiate is set to forward bias while the 
rest are reverse biased. 

 
Fig. 4. Reverse Biasing Condition Simulated for a Line 
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In practical application, a biasing network for diodes can be 
designed. 

 
III. EXPERIMENT AND RESULT 

The proposed designs were tested for solution frequency of 2.4 
GHz through EM Simulator in ADS. 

 
Fig. 5. Single Patch Return Loss 

 

 
 

Fig. 6. Single Patch Beam (Broadsides) 
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Fig. 7. 45 degrees phase shifter return loss 

 

 
Fig. 8. 45 degrees phase shifter beam 
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Fig. 9. 22.5 deg phase shifter enabled in 2x2 array – rest disabled 

 

 
Fig. 10. 22.5 deg phase shifter patch beam 
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Table -1 Experiment Result 
 

Patches Expected Beam 
Angle 

Actual Beam 
Angle 

Single Patch 90 90 
45 Phase Shifter 
Patch 45 44 

2x2 Array with 
22.5 deg phase 
patch enabled 

22.5 23 

 
IV.CONCLUSION 

In conclusion, this research has successfully introduced and 
demonstrated the design of a 2x2 microstrip patch array 
antenna with beam steering capabilities. By incorporating a 
corporate feed network and shifting the patches at specific 
angles, the antenna enables dynamic control over the beam 
direction, enhancing wireless communication efficiency in 
various applications. 
The research focused on designing the microstrip patch array 
for operation in 1.8 to 3 GHz band with focus on WLAN 
frequency, utilizing cost-effective FR4 substrate material with 
a thickness of 1.6 mm. Extensive simulations and 
experimental evaluations were conducted to assess the 
antenna's performance, including return loss, radiation pattern, 
and beam steering range. 
The results of the research highlight the practicality and 
affordability of the designed antenna system. The beam 
steering capabilities provided by the integrated pin diodes 
allow for efficient adaptation to different communication 
scenarios, enabling enhanced signal reception and 
transmission. The antenna design demonstrates good 
impedance matching, radiation pattern control, and beam 
steering range, indicating its effectiveness in real-world 
applications. 
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