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Chapter 3 Antenna Design Process 

In this chapter, we will discuss the antenna design process. First of all, we should decide 

the patch antenna material. Rogers RO4003C printed circuit board is chosen to design this 

2X2 polarization switchable patch antenna array because this material offers the high 

frequency performance and low cost circuit fabrication. The dielectric constant 𝜀𝑟  of 

Rogers RO4003C is 3.55, and the thickness is 1.524mm. Then, the antenna is constructed 

by driven patch and parasitic patch. Rogers RO4003C is chosen for both the driven and 

parasitic boards, which are separated with a spacing of 7mm [26]. The driven patch is 

printed on the top surface of the driven board and the parasitic patch is printed on the 

bottom surface of the parasitic board. Finally, the goal of this antenna design is to perform 

radiation direction in +Z direction, and the reflection coefficient of each part should be less 

than -14dB between 2.85GHz to 3.15GHz frequency. 

3.1 HyperLynx 3D EM Software 

For this design, we will choose the HyperLynx 3D EM software (IE3D) to simulate and 

optimize the 2X2 polarization switchable patch antenna array. This software is an 

integrated full-wave electromagnetic simulation and optimization package for the 

analysis and design of 3D and planar microwave circuits, MMIC, RFIC, RFID, antennas, 

digital circuits and high-speed printed circuit boards (PCB) [27].  
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First of all, we need to setup the basic parameters of this patch antenna in IE3D. The 

meshing frequency is 3.15GHz, and the cells per wavelength is 20. Then, we need to 

create the layers to construct the driven patch and parasitic patch.  

 

Fig. 10 Basic Parameters setup in IE3D 

As Fig.10 shown, layer No.0 is the ground plane. Layer No.1 is the top plane of the driven 

patch. The distance between layer No.0 and layer No.1 is 1.524mm, which is the 

thickness of the Rogers RO4003C. The dielectric constant is 3.55. So layer No.0 and layer 

No.1 construct the driven patch. Layer No.2 is the airgap between the driven patch and 
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parasitic patch with the thickness of 7mm. Layer No.3 is the bottom plane of the 

parasitic patch with the thickness of 1.524mm and the dielectric constant of 3.55. Layer 

No. 4 is the free space plane. So layer No.3 and layer No.4 construct the parasitic patch. 

3.2 Patch Antenna with Single Straight Transmission Line 

3.2.1 Microstrip Transmission Line Design  

In this process, we need start to design a microstrip transmission line. As we known in 

microstrip transmission line theory, the impedance of most RF device is 50Ω. For the 

impedance matching, we have to design a transmission line with impedance of 50Ω.  

 

Fig. 11 Microstrip Transmission Line Calculation in IE3D 
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As the Fig.11 shown, we could use IE3D software to calculate the length and width of 

the microstrip transmission line. From the datasheets of Rogers RO4003C, we know 

that the dielectric constant is 3.55, and the thickness of the board is 1.524mm. The 

impedance of the transmission line should be 50Ω in most RF device. The electrical 

length should be 180˚ because the impedance is repeated in half wavelength 

transmission line [28]. After the IE3D calculated, we get the length of the transmission 

line is 29.9693mm, and the width is 3.40243mm.  

 

Fig. 12 Geometry of Microstrip Transmission Line 
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Then, the two ports should be added at the ends of the transmission line. Then, we 

construct the transmission line as Fig.12 shown. To setup the frequency parameter, we 

choose 21 frequency points between 2.85GHz to 3.15GHz to simulate and optimize the 

microstrip transmission line. The goal of reflection coefficient should be less than -

40dB. After optimization, the length is changed to 29mm, and width is changed to 

3.49mm. The simulation result is shown in Fig.13. 

  

Fig. 13 Reflection Coefficient of Transmission Line 
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The signal is fed at port1, and out at port2. The reflection coefficient S11 represents 

how much energy is reflected back at port1. The reflection coefficient S12 represents 

how much energy is transmitted in transmission line.  The result of S11 is less than           

-47dB, and S12 is close to 0dB. That means most energy will be transmitted in 

transmission line, and return loss is very small. The result approaches to the goal. 

3.2.2 Patch Antenna Design 

The single element patch antenna consists of driven patch and parasitic patch. The 

distant between both patches is 7mm. Base on the microstrip patch antenna theory, 

the radius of both patches could be approximately calculated. The radius of driven 

patch is mm, and the radius of parasitic patch is mm.  

 

Fig. 14 Geometry of Patch Antenna with Transmission Line 
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The port is added to the end of transmission line. Then, we keep the values of 

transmission line, and optimize the radius of both driven patch and parasitic patch. 

After optimization, the radius of driven patch is changed to 15.901mm, and the 

parasitic patch is changed to 20.058mm as Fig.14 shown. 

 

Fig. 15 S11 of Patch Antenna with Transmission Line 

The simulation result is shown in Fig.15. The reflection coefficient S11 is less than        

-11dB which is satisfy to the goal. 
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Fig. 16 Radiation Pattern of Patch Antenna with Transmission Line 

The result of radiation pattern of single element patch antenna with transmission line 

is shown in Fig.16. The three frequency observation point are chosen at 2.85GHz, 

3GHz and 3.15GHz. It can be seen that the gain value of the cross-pol discrimination 

in the broadside direction is around 36dB. Clearly, the propagation direction is in +z. 

3.3 Patch Antenna with Four Straight Transmission Lines 

As we know the polarization modulation theory, this antennas is designed with four 

microstrip transmission lines that feed the driven patch and excite different linearly 

polarized fields. Specifically, the Port 1 to Port 4 will generate electric field in vertical 
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direction, horizontal direction and ±45˚ with the y axis, respectively. The Fig.17 is 

shown the geometry of single element patch antenna with four transmission lines. 

 

Fig. 17 Geometry of Patch Antenna with Four Straight Transmission Lines 

The length of each transmission line is half wavelength as 29mm. This guarantees that 

each inactive feeding line gives an open circuit at the edge of the driven patch, which 

produces minimum effects on both the return loss and the radiation characteristics for 

the excited port. The width of each transmission line is 3.49mm. Then, we excite the 

port1, and make the other three ports as open circuit to simulate this single element 

patch antenna.   
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Fig. 18 S11 of Patch Antenna with Four Transmission Lines 

The result of reflection coefficient for excited port 1 is shown as Fig.18. From this 

figure, the S11 parameter is less than -14dB in the frequency between 2.85GHz and 

3.15GHz. The S11 result for other three ports is similar to the port1. The result is 

satisfy to the goal. 

The radiation pattern result of excited port1 is shown in Fig.19. At the three frequency 

observation point 2.85GHz, 3GHz and 3.15GHz, the cross-pol discrimination in the 

broadside direction is around 22dB. The most energy is radiated in +z direction. 
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Fig. 19 Radiation Pattern of Patch Antenna with Four Transmission Lines 

3.4 Single element patch antenna with the SP4T chips 

3.4.1 Single Pole Four Throw RF Switch 

The purpose of designing a circular patch antenna with four port is to excite a unique 

linear polarization. Herein, a single pole four throw RF switch is used in this design to 

active one of the four ports. The end of all the four transmission line are connected to 

driven patch, and the other ends are connected to a single pole four throw RF switch. 

We choose the SKY13322-375LF GaAs SP4T switch in this antenna design because of 

the low cost and great bandwidth. The Fig.20 is shown the switch layerout footprint. 

The size of this switch is 2mmX3mm. The width of each pin is 0.25mm [29]. 
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Fig. 20 Single Pole Four Throw RF Switch Layerout Footprint [29] 

The four control pins as V1, V2, V3 and V4, determine only one of the four feeding lines 

is connected to the RF input. For example, if the control pin4 (V1) is connected to high 

voltage, the RF signal will go through pin5 (J1).  The Table.2 is shown the SP4T switch 

truth table. 

V1(Pin4) V2(Pin2) V3(Pin7) V4(Pin9) RFC to J1 RFC to J2 RFC to J3 RFC to J4 

1 0 0 0 
Insertion 

Loss 
Isolation Isolation Isolation 

0 1 0 0 Isolation 
Insertion 

Loss 
Isolation Isolation 

0 0 1 0 Isolation Isolation 
Insertion 

Loss 
Isolation 

0 0 0 1 Isolation Isolation Isolation 
Insertion 

Loss 

Table. 2 Single Pole Four Throw RF Switch Truth Table 
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3.4.2 Feeding Lines Design and Analysis 

Considering the size of the switch, we need to design the feeding line instead of the 

straight transmission line to connect to the switch. The length of each feeding line is an 

integer times of half wavelength. Particularly, the feeding lines for Port 1 to Port 4 are 

one wavelength, one wavelength, 1.5 wavelengths and 3 wavelengths long, 

respectively. This guarantees that each inactive feeding line gives an open circuit at the 

edge of the driven patch, which produces minimum effects on both the return loss and 

the radiation characteristics for the excited port. 

After optimizing the length of feeding line, the feeding line at port1 is designed at Fig.21 

illustrated. The length of the feeding line at port1 is one wavelength as 54.557mm. The 

result of S11 is less than -28.8dB.  

 

Fig. 21 Geometry and S11 Result of Feeding Line at Port1 
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The feeding line at port2 is designed at Fig.22 illustrated. The length of the feeding line 

at port2 is one wavelength as 51.9775mm. The result of S11 is less than -25.8dB.  

Fig. 22 Geometry and S11 Result of Feeding Line at Port 2 

The feeding line at port3 is designed at Fig.23 illustrated. The length of the feeding line at 

port3 is one and half wavelengths as 89.97mm. The result of S11 is less than -27.5dB.  

Fig. 23 Geometry and S11 Result of Feeding Line at Port 3 
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The feeding line at port4 is designed at Fig.24 illustrate. The length of the feeding line 

at port4 is three wavelengths as 176.98mm. The result of S11 is less than -18dB.  

 

Fig. 24 Geometry and S11 Result of Feeding Line at Port 4 

3.4.3 RF Feeding Line Design and Analysis 

From the Fig.20, we can see the pin8 is the RF feeding port. The RF signal is fed to single 

pole four throw RF switch at pin8, then the four control pins will determine which port 

is excited to implement the linear polarization. The size of the pin8 is very tiny as 

0.55mmX0.25mm. We design the RF feeding line as one end width of 0.5mm and the 

other width of 1mm. The end of 0.5mm width is connected to RF switch, and the end 

of 1mm width is connected to the power divider. 
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Fig. 25 RF Feeding Line Calculation in IE3D 

The Fig.25 is illustrated the RF feeding line size calculation by using LineGauge in IE3D. 

The length of RF feeding line should be half wavelength as 31.219mm. The impedance 

of RF feeding line is around 100Ω. Then, we construct the RF feeding line as Fig.26 

illustrated. 

 

 

 

 


