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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Recent advancements in the field of communications resulted in increased demand for 

high efficient microwave devices. This led the research field to search for new options 

for reducing the cost, size and flexibility of the devices. Design of multi-band and wide 

band microwave devices is one of the major ways to satisfy needs of the 

communication world. The current high data rate devices like WLAN require larger 

bandwidth and the flexibility to operate at multiple frequencies. Design of dual, tri and 

quad band microwave devices is an important aspect and therefore is the current field 

of interest for the researchers.  

Usage of Microstrip to design microwave devices is restricted because of high losses, 

low output yield and lesser power handling capacity. But, micro strip lines are less 

expensive than a wave guide. Coupled line structures are more useful than a 

conventional transmission lines. Design of coupled lines in an inhomogeneous medium 

like microstrip will result in increased usability of these structures in microwave devices 

as they increase the efficiency of microwave devices. Design of multi band structures 

using these structures will result in development of low cost devices with size 

adaptability. 
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1.2 Contribution to Thesis 

This thesis provides design of novel dual and tri band microwave devices. 1) A dual 

band transmission line structure using coupled lines has been designed along with 

design equations. 2) Two microwave devices i.e., a branch line coupler and a Wilkinson 

power divider are designed and fabricated. 3) A tri band transmission line structure is 

developed by attaching stubs to the dual band coupled line structure. The design 

equations are provided and simulation results are derived. 

1.3 Overview of Thesis 

In this thesis, two dual band microwave devices and a tri band transmission line 

structure are proposed. In chapter 2, design of a novel dual band transmission line is 

presented. Dual band operation is achieved by adding two quarter wave length open 

circuit stubs to a coupled line which are identical and parallel to each other. Design 

equations are derived using ABCD parameters. The ideally designed structure is 

simulated using ADS EM simulator and the practical simulation is done in Hyper Lynx 

3D EM. 

In chapter 3, implementation of the dual band structure is done with microwave devices. 

First, we have designed a dual band branch line coupler which is highly useful in mixers 

and modulators. The conventional quarter wavelength transmission line of the branch 

line coupler has been replaced with the dual band transmission line to achieve dual 

band operation. Flexibility of the device is observed by examining the frequency ratio of 

the two arbitrary frequencies. To verify the design, a branch line coupler operating at 

0.95GHz and 1.52 GHz is designed and fabricated on a Roger’s board. The simulated 
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and measured results show good agreement with each other. Later, a dual band 

Wilkinson power divider is designed using the same dual band transmission line 

structure. The designed structure is simulated in Hyper Lynx 3D EM and the simulated 

results at the two output ports are almost equal in both magnitude and phase. 

In chapter 4, a tri band transmission line structure is designed by attaching two 𝜆𝜆/8 

transmission lines to the proposed dual band structure. Closed form design equations 

are derived using ABCD parameters and the designed structure is simulated with full-

wave electromagnetic simulator.  

Finally, in chapter 5, conclusion and future work are presented. 
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CHAPTER 2 

DUAL BAND COUPLED LINE TRANSMISSION LINE DESIGN 

2.1 Introduction 

Electromagnetic coupling which exists between parallel coupled transmission 

lines in an inhomogeneous medium like microstrip shows large variation with that of a 

homogeneous medium. The difference is mainly because of the even and odd mode 

excitation signals traveling with different phase velocities. The difference in the phase 

velocities prevents the formation of pure TEM wave propagation. 

For the above condition, two identical microstrip transmission lines of length “l” and 

width “w” are coupled and are separated by a gap “g”. 

The schematic below shows the topology of the proposed structure.

Fig: 2.1 Topology of Coupled line Structure 

Here V1, V2, V3 & V4   are the voltage inputs at the four ports respectively. By considering 

the voltage inputs at ports 2 & 3 equal to 0 and by even-odd mode analysis, the 

equivalent circuit from the above model becomes 
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Fig: 2.2 Equivalent circuit model of the coupled lines 

The ABCD parameters for this equivalent circuit is 

 A = D=  𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑍𝑍
𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍

  (2.1) 

 B = 𝑗𝑗 (𝑍𝑍𝑜𝑜𝑜𝑜2 +𝑍𝑍𝑜𝑜𝑜𝑜2 +2𝑍𝑍𝑜𝑜𝑜𝑜𝑍𝑍𝑜𝑜𝑜𝑜(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑜𝑜−𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑜𝑜))
2(𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍)

  (2.2) 

  C = j 2
𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍

 (2.3) 

2.2 Design and Simulation Results 

Many dual band transmission line designs using conventional quarter wavelength 

transmission lines have been proposed recently. In this proposed transmission line 

design, two open circuited stubs with electrical length θ are attached to the two ends of 

the coupled line structure in the form of a Pi-Shape. The structure of the proposed dual 

band transmission line is shown in Fig. 2.3. 
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      Za,𝜽𝜽 

 Port 1       Port 2 

 Z1, 𝜽𝜽            Z1, 𝜽𝜽 

Fig: 2.3 Proposed Dual band transmission line structure 

Here Za, 𝜽𝜽 = (Zoe,𝜽𝜽e, Zoo,  𝜽𝜽o) 

By considering the ABCD parameters of the proposed structure, we have 

�𝐴𝐴 𝐵𝐵
𝐶𝐶 𝐷𝐷� = �

1 0
𝑗𝑗𝑐𝑐𝑗𝑗𝑗𝑗𝑐𝑐
𝑍𝑍

1� �
𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑍𝑍
𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍

𝑗𝑗 (𝑍𝑍𝑜𝑜𝑜𝑜2 +𝑍𝑍𝑜𝑜𝑜𝑜2 +2𝑍𝑍𝑜𝑜𝑜𝑜𝑍𝑍𝑜𝑜𝑜𝑜(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑜𝑜−𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑜𝑜))
2(𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍)

𝑗𝑗 2
𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍

𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑍𝑍
𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍

� �
1 0

𝑗𝑗𝑐𝑐𝑗𝑗𝑗𝑗𝑐𝑐
𝑍𝑍

1�

(2.4) 

For  𝜃𝜃𝜃𝜃 =  𝜃𝜃𝜃𝜃 = 𝜃𝜃, (2.4) becomes 
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For  𝑍𝑍𝑍𝑍𝑍𝑍 + 𝑍𝑍𝑍𝑍𝑍𝑍 = 𝑍𝑍𝑥𝑥, (2.5) results in 
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�          (2.6)     

For a quarter wavelength transmission line, A=D=0 

i.e.  𝑐𝑐𝜃𝜃𝑐𝑐𝜃𝜃 − 𝑍𝑍𝑥𝑥
2𝑍𝑍
𝑐𝑐𝑠𝑠𝑠𝑠𝜃𝜃𝑠𝑠𝑠𝑠𝑠𝑠𝜃𝜃 = 0 

Hence  𝑍𝑍 = 𝑍𝑍𝑥𝑥
2
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The total ABCD matrix of the proposed structure becomes 

�𝐴𝐴 𝐵𝐵
𝐶𝐶 𝐷𝐷� = �

0 𝑗𝑗 𝑍𝑍𝑥𝑥𝑐𝑐𝑠𝑠𝑗𝑗𝑐𝑐
2
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0
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±𝑗𝑗 1

𝑍𝑍𝑐𝑐
0 �  (2.8) 

To satisfy dual band operation, the necessary condition is 

 𝑍𝑍𝑥𝑥𝑐𝑐𝑠𝑠𝑠𝑠𝜃𝜃𝑓𝑓1 =  ±2𝑍𝑍𝑐𝑐  (2.9a) 

 𝑍𝑍𝑥𝑥𝑐𝑐𝑠𝑠𝑠𝑠𝜃𝜃𝑓𝑓2 =  ±2𝑍𝑍𝑐𝑐       (2.9b) 

Here 𝜃𝜃𝑓𝑓1 and 𝜃𝜃𝑓𝑓2 are the electrical lengths at the two desired operating frequencies. The 
above design equations can be solved using   

 𝜃𝜃𝑓𝑓2 = 𝑠𝑠𝑛𝑛 ± 𝜃𝜃𝑓𝑓1,𝑠𝑠 = 1,2,3,4 … … …      (2.10a) 

 And   
𝑐𝑐𝑓𝑓1
𝑐𝑐𝑓𝑓2

= 𝑓𝑓1
𝑓𝑓2

 (2.10b) 

By considering the two operating frequencies pre-assigned, we can deduce the 

electrical lengths from equations (2.10a) and (2.10b). We can further calculate the 

impedance values from (2.7), (2.9a) and (2.9b). 

The two operating frequencies taken into consideration are 1 GHz and 1.6 GHz with 

𝑓𝑓2
𝑓𝑓1� =1.6. Using the design equations presented above, the impedances and electrical

lengths of all the stubs have been calculated. The values are, for  𝑍𝑍𝑐𝑐 = 50𝛺𝛺, 𝑓𝑓1 =

 1 𝐺𝐺𝐺𝐺𝐺𝐺,𝜃𝜃𝑓𝑓1 = 138.46𝑍𝑍, 𝑍𝑍𝑥𝑥1=150.8𝛺𝛺, Z1=59.18𝛺𝛺. 

The above configuration is simulated with the commercial electromagnetic simulator 

HyperLynx 3D EM. Fig. 2.4 shows the proposed transmission line design.  
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Topology of proposed dual band transmission line in Hyper Lynx 3D EM. 

The simulated S-parameter results of the above structure are shown in Fig. 2.5. 

Fig: 2.5a Simulated S11 parameter of the proposed structure 
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Fig: 2.5b Simulated S21 parameter of the proposed structure 

Fig: 2.5c Simulated phase of S21 parameter of the proposed structure 
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operating frequencies. The Phase S21 at these frequencies as shown in Fig: 2.5c is -

89.5o and 90.8o respectively. 

2.3 Conclusion 

From all the above observations, the proposed dual band quarter wavelength 

transmission line design works pretty well at the proposed frequencies.  

10 



CHAPTER 3 

APPLICATION OF DUAL BAND TRANSMISSION LINES FOR MICROWAVE DEVICES 

3.1 DUAL BAND COUPLER 

 3.1.1 Introduction 

Branch line couplers are 3dB couplers with a 90o phase difference between 

through and coupled output ports. They are also called quadrature hybrids. The basic 

function of a branch line coupler is that power entering from port 1 is divided between 

ports 2 & 3 with a 90o phase shift. The basic configuration of a typical branch line 

coupler is shown in Fig: 3.1. 

𝑍𝑍𝜃𝜃/(√2) 

    Port 1     Port 2 

    𝑍𝑍𝜃𝜃   𝑍𝑍𝜃𝜃 

    Port 4    Port 3 

𝑍𝑍𝜃𝜃/(√2) 

A simple branch line coupler 

In Fig: 3.1, Zo is the normalized characteristic impedance, which is normalized to 50Ω. 
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In the past, usage of coupled lines in an inhomogeneous medium has been discussed 

[1]. There are certain designs on development of single band branch line couplers using 

coupled lines [2]. Designs of dual-band structures using different non-coupled and 

coupled transmission line structures have also been proposed [3-19]. However, further 

performance improvement is needed for the design of dual band structures. 

3.1.2 Design and Simulation results 

 
In the proposed work, the conventional quarter wavelength transmission line of the 

branch line coupler is replaced with the dual band transmission line from the previous 

chapter to design a dual band branch line coupler. The structure of the proposed dual 

band coupler is shown in Fig: 3.2. 
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Figure: 3.2 General schematic of proposed dual-band branch line coupler (Za1 = 
impedance of the coupled line used for the 50 Ω branch; Za2 = impedance of the 

coupled line used for the 35.35 Ω branch; Z1 = impedance of the open circuited stub 
used for the 50 Ω branch; Z2 = impedance of the open circuited stub used for the 35.35 

Ω branch). 

From the dual band transmission line design above, the design equations for the 

impedances within the proposed coupler are 

𝑍𝑍 = 𝑍𝑍𝑥𝑥
2
𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃                                 (3.1) 

                                                           𝑍𝑍𝑥𝑥𝑐𝑐𝑠𝑠𝑠𝑠𝜃𝜃𝑓𝑓1 =  2𝑍𝑍𝑐𝑐                    (3.2) 

By using the proposed dual-band transmission line structure, we have designed the 

dual-band coupler by replacing the 50Ω transmission line with a 50Ω quarter 

wavelength Pi-shaped coupled line structure and 35.35Ω transmission line with a 

35.35Ω quarter wavelength Pi-shaped coupled line structure in a conventional branch 

line coupler.  

To validate the performance of the proposed dual band coupler, an experimental 

prototype has been designed and fabricated. For simplicity of the simulation, the open 

circuited stubs Z1 and Z2 are combined to form Z (Z = Z1∥Z2). The two working 

frequencies under considerations are 0.95GHz and 1.52GHz. Here 𝑓𝑓2 𝑓𝑓1� =1.6. For these 

values, using the design equations presented above, the impedances and electrical 

lengths of all the stubs have been calculated. The values are, for  𝑍𝑍𝑐𝑐 = 50𝛺𝛺, 𝑓𝑓1 =

 0.95𝐺𝐺𝐺𝐺𝐺𝐺, 𝜃𝜃𝑓𝑓1 = 138.46𝑍𝑍 , 𝑍𝑍𝑥𝑥1 =150.8 𝛺𝛺 , Z1=59.18 𝛺𝛺  and for  𝑍𝑍𝑐𝑐 = 35.35𝛺𝛺, 𝑓𝑓1 =

 0.95𝐺𝐺𝐺𝐺𝐺𝐺, 𝜃𝜃𝑓𝑓1 = 138.46𝑍𝑍 ,  Z𝑥𝑥2  = 106.62 Z2=41.85𝛺𝛺. From Z1 and Z2, we get Z=24.5165𝛺𝛺 

and  𝜃𝜃𝑓𝑓1 = 138.46𝑍𝑍.  
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The dielectric constant and thickness of the PCB substrate are 2.2 and 0.7871mm, 

respectively. The loss tangent is 0.001.  

The HyperLynx 3D EM design layout for the proposed dual band coupler is shown in Fig: 

3.3. 

 

Fig: 3.3 Modified schematic of dual band branch line coupler for simulation 
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Fig: 3.4a Simulated and measured return loss (S11) of the coupler. 

 

 

 

 

 

 

 

Fig 3.4b Simulated and measured insertion& coupled loss (S21 & S31) of the coupler. 

Figure 3.4 provides the simulated and measured results of S-parameters of the 

designed dual band coupler. From Fig: 3.4a, we can observe that return loss (S11) is 

less than -22dB at 0.95GHz and less than -18dB at 1.52GHz. From Fig: 3.4b, the 

simulated and measured results of S21 & S31 are given. The following table shows a 

comparison between these results.     

Frequency S21 S31 

0.95GHz -3.6dB(sim) -3.6dB(sim) 

0.95GHz -4.1dB(mea) -3.8dB(mea) 

1.52GHz -3.6dB(sim) -3.7dB(sim) 
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1.52GHz -4.1dB(mea) -4.1dB(mea) 

       

Table: 3.1 Comparison between simulated and measured insertion loss values. 

The photo of the fabricated dual band coupler is shown in Fig: 3.5. 

 

Fig: 3.5 Photo of fabricated dual band coupler. 

As shown in Fig: 3.6, the phase difference between the two output ports (2&3) is -90.1° 

at 0.95 GHz and 89.7° at 1.52 GHz, respectively.  
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Fig: 3.6 Simulated and measured phase difference between output ports of the coupler. 

The bandwidth of the coupler is about 50 MHz at two design frequencies assuming that 

the mismatches between amplitude and phase values are less than 0.5 dB and 1°.  

In Fig: 3.7, the required impedances (note: they are normalized to 50 Ω) of the proposed 

coupler under different frequency ratios are also plotted. For practical issues, the 

impedance values taken into consideration are between 20 Ω and 120 Ω for open 

circuited stubs (Z) and 200 Ω to 350 Ω for coupled line structures (Zx). 

In addition to the frequency ratio range shown in Fig: 3.7, the coupler is also able to 

work well for the frequency ratio above 2. 
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Fig: 3.7 Normalized impedances at different frequency ratios (Here Zx = Impedance of 

coupled line structure; Z   =Impedance of open circuit stub). 

 

3.1.3 Conclusion 
 

Closed form design equations of dual band branch line couplers are derived using 

ABCD matrices. An experimental prototype has been fabricated and measured. The 

simulated and measured results show good agreement with each other, validating the 

proposed design theory. 
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3.2 DUAL BAND WILKINSON POWER DIVIDER 

 

3.2.1 Introduction 
 

Invented by Ernest Wilkinson, Wilkinson power dividers are a specific class of power 

dividers where it achieves isolation between the two output ports. The two output ports 

are equal in magnitude and phase. By matching the output ports, the Wilkinson power 

divider can be lossless by dissipating reflected power from the outputs. The basic form 

of a Wilkinson power divider is shown in Fig: 3.8. 

 

Fig: 3.8 Basic Wilkinson power divider 

Here Zo is the characteristic impedance of the transmission line (Zo = 50Ω). The two 

stubs of the above structure are chosen to be of quarter wavelength. R is the resistance 

isolating the two output ports 2& 3.  
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When a signal enters port 1, it is split into equal-amplitude, equal-phase output signals 

at ports 2 and 3. Since each end of the isolation resistor between ports 2 and 3 is at the 

same potential, no current flows through it and therefore the resistor is decoupled from 

the input. The two output port terminations will add in parallel at the input, so they must 

be transformed to 2xZ0 each at the input port to be combined to Z0.  

3.2.2 Design and Simulation results 
 

A dual band Wilkinson power divider is designed with the help of the dual band 

transmission line presented in the previous chapter. Specifically, the quarter wavelength 

transmission lines in the conventional Wilkinson power divider are replaced with the 

proposed dual band transmission line. 

  

                                                                                                     

 

 

Fig: 3.9 Replacement of a quarter wavelength transmission line with dual band 

transmission line 

The equivalent impedance values from the dual band transmission line structure 

(Equations 3.1 &3.2) are  

𝑍𝑍 =
𝑍𝑍𝑍𝑍
2
𝑠𝑠𝑠𝑠𝑠𝑠2𝜃𝜃 

𝑍𝑍𝑥𝑥𝑐𝑐𝑠𝑠𝑠𝑠𝜃𝜃𝑓𝑓1 =  2𝑍𝑍𝑐𝑐 
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The structure of the proposed dual band Wilkinson power divider is shown below. 

 

  

Fig: 3.10 Proposed dual band Wilkinson power divider 

The above structure is simulated using HyperLynx 3D EM simulator with a dielectric 

constant 2.2, substrate thickness 0.787 mm and loss tangent 0.0001. The two open 

circuit stubs of transmission line are joined due to the design complexity near port 1. By 

taking the two frequencies into consideration as 𝑓𝑓2 𝑓𝑓1� =1.8, and using the design 

equations presented above, the impedances and electrical lengths of all the stubs have 
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been calculated. They are Z1 = 142.2Ω, Zx = 180.85Ω, θ = 124.12o. All the above values 

are determined by considering the characteristic impedance Zc = 50Ω. 

The EM simulator model of the designed dual band Wilkinson power divider is shown in 

Fig: 3.11. 

 

Fig: 3.11 Modified schematic of dual band Wilkinson power divider for simulation 

In Fig: 3.11, the ports 4 and 5 are localized ports for MMIC to connect the 100Ω resistor 

to the output ports of the power divider.  

The simulated S-parameter results of the proposed structure is  
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Fig: 3.12 Simulated return loss (S11) of the proposed structure 

We can observe that the return loss (S11) at the two frequencies is S11 = -31.2 dB at 1 

GHz and S11 = -36.4 dB at 1.8 GHz. The following table shows the comparison of S21 

and S31 at the two output ports 

Frequency S21 S31 

 1 GHz -3.21dB(sim) -3.19dB(sim) 

1.8 GHz -3.26dB(sim) -3.23dB(sim) 

 

Table: 3.2 Comparison between S-Parameters at output ports 

As shown in Table: 3.2 and Fig: 3.13, the magnitude difference between S21 and S31 at 

the two frequencies is less than 0.1dB showing an equal division of power between the 

two output ports. 
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Fig: 3.13 Simulation (S21 & S31) of the output ports of the power divider 

 

Fig: 3.14 Simulation Phase difference between output ports of the power divider 
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The phase difference between the two output ports is shown in Fig: 3.14. We can 

observe the phase difference between the two output ports is less i.e., around 0.5 at the 

two operating frequencies. 

3.2.3 Conclusion 
 

A dual band Wilkinson power divider using coupled line structure has been proposed 

and designed. Theoretical and simulation analysis show a good match with each other. 

 

 

 

 

 

 

 

 

 

 

 

 

25 
 



CHAPTER 4 

TRI-BAND TRANSMISSION LINE STRUCTURE 

4.1 Introduction 
 

Design of tri band microwave devices has always been challenging as theoretical 

analysis to design a tri band transmission line structure is quite complex. Very few tri 

band transmission line structures have been developed recently. Some of these designs 

are implemented with the use of inductors and capacitors, and some are realized with 

the use of resistors.  

There are also tri band designs with the use of extended stubs. In this chapter, we 

presented a novel design of a tri band transmission line structure, which is achieved by 

attaching two stubs to the two ends of the dual band transmission line structure 

presented in the chapter 2.  

The figure below shows the structure of the proposed tri band transmission line. 

 

Fig: 4.1 Proposed Tri-band transmission line structure 
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The stub Z1 is connected to the dual band transmission line to realize the tri band 

operation. Here the electrical length for the extended stub is half the electrical length of 

the coupled line structure. 

4.2 Design and simulation results 

 
By considering the ABCD parameters of the proposed tri band transmission line, it is 

derived as: 

�𝐴𝐴 𝐵𝐵
𝐶𝐶 𝐷𝐷�  = 𝐴𝐴𝑍𝑍1𝐴𝐴𝑍𝑍2𝐴𝐴𝑍𝑍𝑥𝑥𝐴𝐴𝑍𝑍2𝐴𝐴𝑍𝑍1 

�𝐴𝐴 𝐵𝐵
𝐶𝐶 𝐷𝐷� =

 �
𝑐𝑐𝜃𝜃𝑐𝑐 𝜃𝜃 2� 𝑗𝑗𝑍𝑍1𝑐𝑐𝑠𝑠𝑠𝑠 𝜃𝜃 2�
𝑗𝑗𝑐𝑐𝑠𝑠𝑗𝑗𝑐𝑐 2�

𝑍𝑍1
𝑐𝑐𝜃𝜃𝑐𝑐 𝜃𝜃 2�

� �
1 0

𝑗𝑗𝑐𝑐𝑗𝑗𝑗𝑗𝑐𝑐
𝑍𝑍2

1� �
𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑍𝑍
𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍

𝑗𝑗 (𝑍𝑍𝑜𝑜𝑜𝑜2 +𝑍𝑍𝑜𝑜𝑜𝑜2 +2𝑍𝑍𝑜𝑜𝑜𝑜𝑍𝑍𝑜𝑜𝑜𝑜(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑜𝑜−𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑜𝑜𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑜𝑜))
2(𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍)

𝑗𝑗 2
𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍

𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑍𝑍𝑐𝑐𝑐𝑐𝑍𝑍
𝑍𝑍𝑍𝑍𝑍𝑍 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑍𝑍

� ×

 �
1 0

𝑗𝑗𝑐𝑐𝑗𝑗𝑗𝑗𝑐𝑐
𝑍𝑍2

1� �
𝑐𝑐𝜃𝜃𝑐𝑐 𝜃𝜃 2� 𝑗𝑗𝑍𝑍1𝑐𝑐𝑠𝑠𝑠𝑠 𝜃𝜃 2�
𝑗𝑗𝑐𝑐𝑠𝑠𝑗𝑗𝑐𝑐 2�
𝑍𝑍1

𝑐𝑐𝜃𝜃𝑐𝑐 𝜃𝜃 2�
�                                                                  (4.1)                             

 

For 𝜃𝜃𝜃𝜃 =  𝜃𝜃𝜃𝜃 = 𝜃𝜃, (4.1) becomes 

�𝐴𝐴 𝐵𝐵
𝐶𝐶 𝐷𝐷� =

 �
𝑐𝑐𝜃𝜃𝑐𝑐 𝜃𝜃 2� 𝑗𝑗𝑍𝑍1𝑐𝑐𝑠𝑠𝑠𝑠 𝜃𝜃 2�
𝑗𝑗𝑐𝑐𝑠𝑠𝑗𝑗𝑐𝑐 2�

𝑍𝑍1
𝑐𝑐𝜃𝜃𝑐𝑐 𝜃𝜃 2�
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1 0

𝑗𝑗𝑐𝑐𝑗𝑗𝑗𝑗𝑐𝑐
𝑍𝑍
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𝑐𝑐𝜃𝜃𝑐𝑐𝜃𝜃 𝑗𝑗 (𝑍𝑍𝑍𝑍𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍)𝑐𝑐𝑠𝑠𝑗𝑗𝑐𝑐

2

𝑗𝑗 2𝑐𝑐𝑠𝑠𝑗𝑗𝑐𝑐
(𝑍𝑍𝑍𝑍𝑍𝑍+𝑍𝑍𝑍𝑍𝑍𝑍)

𝑐𝑐𝜃𝜃𝑐𝑐𝜃𝜃
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(4.2) 

=  �
𝑐𝑐𝜃𝜃𝑐𝑐 𝜃𝜃 2� 𝑗𝑗𝑍𝑍1𝑐𝑐𝑠𝑠𝑠𝑠 𝜃𝜃 2�
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The ABCD matrix of a quarter wave length transmission line is  

�𝐴𝐴 𝐵𝐵
𝐶𝐶 𝐷𝐷� = �

0 ±𝑗𝑗𝑍𝑍𝑐𝑐
± 𝑗𝑗

𝑍𝑍𝑐𝑐
0 �                                                (4.4) 

 

By equating the equivalent ABCD parameters to that of the quarter wavelength 

transmission line, we have 

𝑍𝑍2 = 𝑍𝑍𝑥𝑥
2�𝑐𝑐𝑍𝑍𝑐𝑐2𝑐𝑐−𝑍𝑍1𝑍𝑍𝑥𝑥

− 𝑍𝑍𝑥𝑥
4𝑍𝑍1

�
                                             (4.5) 

And by taking Z1 as the required characteristic impedance for simplicity, we have 

Zx in the form of a quadratic equation of degree 2. 

𝑍𝑍𝑥𝑥2 �𝑐𝑐𝑠𝑠𝑠𝑠2𝜃𝜃 + 2𝑍𝑍1𝑐𝑐𝑠𝑠𝑠𝑠2𝜃𝜃𝑐𝑐𝜃𝜃𝑐𝑐2 𝜃𝜃 2� � + 𝑍𝑍𝑥𝑥[2𝑍𝑍12𝑐𝑐𝑠𝑠𝑠𝑠2𝜃𝜃𝑐𝑐𝜃𝜃𝑐𝑐𝜃𝜃 − 4𝑍𝑍12𝑐𝑐𝜃𝜃𝑐𝑐𝜃𝜃 − 𝑍𝑍1𝑐𝑐𝑠𝑠𝑠𝑠2𝜃𝜃] +

�4𝑍𝑍12𝑐𝑐𝑠𝑠𝑠𝑠2𝜃𝜃 − 4𝑍𝑍13𝑐𝑐𝑠𝑠𝑠𝑠2𝜃𝜃𝑐𝑐𝑠𝑠𝑠𝑠 𝜃𝜃 2� � = 0                                                   (4.6) 

 

From equations 4.5 & 4.6, two possible solutions for the electrical length are available 

between 0 and π by taking the values of Z1, Z2 &Zx as constant. The relationship 

between electrical length θL and two arbitrary operating frequencies f1 and f2 is given by: 

𝜃𝜃𝐿𝐿 = 𝑛𝑛
1 + 𝑓𝑓2

𝑓𝑓1
�                                (4.7) 

There is a special condition for θ=π/2 where the given circuit can be realized as a 

quarter wavelength transmission line with electrical length π/2 and impedance equal to 
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the characteristic impedance. The frequency associated with this quarter wavelength 

transmission line is f3 which is the average of the two arbitrary operating frequencies. 

𝑓𝑓3 = 𝑓𝑓1+𝑓𝑓2
2

                                                     (4.8) 

By taking the two frequencies into consideration and by solving the quadratic equation 

for Zx and putting it in Z2, we get the required impedance values at the given electrical 

lengths. By taking f1 and f2 as 1.5 GHz and 3 GHz, we have θ = 60o, Zx = 117Ω, Z1 = 

70.7Ω & Z2 = 32.6Ω. The third frequency f3 is 2.25GHz. 

A tri band transmission line structure has been designed using the above obtained 

values. It is simulated using the HyperLynx 3D EM simulator. The design parameters 

taken into consideration are dielectric constant =2.2, substrate thickness = 0.787mm 

and loss tangent of 0.0001. 

The figure below shows the EM simulator model for the tri band transmission line 

structure. 

 

Fig: 4.2 Topology of proposed tri band transmission line in hyper lynx 3D 
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The S-parameter simulation results are shown in the following graphs (Fig: 4.3 and Fig: 
4.4). 

 

Fig: 4.3 Simulated return loss (S11) of the tri band structure 

 

 

Fig: 4.4 simulated insertion loss (S21) of the tri band structure 

1.0 1.5 2.0 2.5 3.0 3.5
-40

-30

-20

-10

0

 

 

S 11
(dB

)

Freq(GHz)

 S11

1.0 1.5 2.0 2.5 3.0 3.5
-35

-30

-25

-20

-15

-10

-5

0

5
 

 

S 21
(dB

)

Freq(GHz)

 S21

30 
 



We can observe that the return loss (S11) at these three operating frequencies is at least 

-20 dB. The insertion loss (S21) at the three frequencies is less than 0.9 dB. 

 

4.3 Conclusion 
 

In this chapter, a tri band transmission line structure has been designed by extending a 

dual band transmission line structure. Closed form design equations have been derived 

and the simulated results are in good agreement with the theoretical calculations at the 

three proposed frequencies. 
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CHAPTER 5 

CONCLUSION AND FUTURE WORK 

5.1 Conclusion 
 

In this thesis, a few novel approaches of designing multi band microwave devices using 

coupled line structure have been discussed. A new design of dual band transmission 

line (working at 1 and 1.6GHz) has been proposed. Based on the proposed dual band 

transmission line structure, two dual band microwave devices have been designed. First 

a dual band branch line coupler (working at 0.95 and 1.52GHz) is designed and tested. 

Second, a dual band Wilkinson power divider (working at 1 and 1.8GHz) is designed. By 

extending the dual band transmission line with two stubs, a tri band transmission line 

has been designed. For all the designs, the theoretical and practical results show good 

agreement with each other. 

5.2 Future work 
 

In the future, more designs of dual band and multi band transmission lines are to be 

investigated. Efforts should be put in reducing the design complexity of the circuit. 

Usage of coupled line structures in multiband microwave devices with both symmetrical 

and asymmetrical structures needs to be studied. 
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