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CHAPTER 1 

BACKGROUND 

1.1 INTRODUCTION 

The term “microwaves” is used to describe electromagnetic (EM) waves with 

frequencies ranging from 300 MHz to 300 GHz, which correspond to wavelengths (in 

free space) from 1 m to 1 mm. The EM waves with frequencies above 30 GHz and up to 

300 GHz are also called millimeter waves because their wavelengths are in the 

millimeter range (1–10 mm). Above the millimeter wave spectrum is the infrared, which 

comprises electromagnetic waves with wavelengths between 1 µm (10–6 m) and 1 mm. 

Beyond the infrared spectrum, there are the visible optical spectrum, the ultraviolet 

spectrum, and x-rays. Below the microwave frequency spectrum is the radio frequency 

(RF) spectrum [1] [2]. 

In the mean time, advances in computer-aided design (CAD) tools such as Advanced 

Design Systems (ADS), high frequency structural simulator (HFSS) have revolutionized 

microwave circuit design [1]. 

1.2 SCATTERING PARAMETERS 

The scattering or S parameters of a two-port network of Fig. 1.1 are defined in terms of 

the wave variables as  

𝑆𝑆11 = 𝑏𝑏1
𝑎𝑎1
�
𝑎𝑎2=0

𝑆𝑆12 = 𝑏𝑏1
𝑎𝑎2
�
𝑎𝑎1=0

𝑆𝑆21 = 𝑏𝑏2
𝑎𝑎1
�
𝑎𝑎2=0

𝑆𝑆22 = 𝑏𝑏2
𝑎𝑎2
�
𝑎𝑎1=0

(1.1) 

1 



where an = 0 implies a perfect impedance match (no reflection from terminal 

impedance) at port n. These definitions may be written as: 

�𝑏𝑏1𝑏𝑏2
� = �𝑆𝑆11 𝑆𝑆12

𝑆𝑆21 𝑆𝑆22
� �
𝑎𝑎1
𝑎𝑎2� (1.2) 

where the matrix containing the S parameters is referred to as the scattering matrix or S 

matrix, which may simply be denoted by [S].  

Fig. 1. 1. Two-port network variable 

The parameters S11 and S22 are also called the reflection coefficients, whereas S12 and 

S21 are the transmission coefficients. These are the parameters which are directly 

measurable at microwave frequencies. The S parameters are in general complex, and it 

is convenient to express them in terms of amplitudes and phases, 

i.e., 𝑆𝑆𝑚𝑚𝑚𝑚 = |𝑆𝑆𝑚𝑚𝑚𝑚|𝑒𝑒𝑗𝑗𝜑𝜑𝑚𝑚𝑚𝑚 for m, n = 1, 2. Often their amplitudes are given in decibels (dB),

which are defined as [1] 

   20 log|𝑆𝑆𝑚𝑚𝑚𝑚| 𝑑𝑑𝑑𝑑  𝑚𝑚 .𝑛𝑛 = 1,2             (1.3) 
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The S parameters have several properties that are useful for network analysis. For a 

reciprocal network S12 = S21. If the network is symmetrical, an additional property,      

S11 = S22, holds. Hence, the symmetrical network is also reciprocal. For a lossless 

passive network the transmitting power and the reflected power must be equal to the 

total incident power. The mathematical statements of this power conservation condition 

are [1] 

𝑆𝑆21𝑆𝑆21∗ + 𝑆𝑆11𝑆𝑆11∗ = 1 𝑜𝑜𝑟𝑟 |𝑆𝑆21|2 + |𝑆𝑆11|2 = 1 

                                              𝑆𝑆12𝑆𝑆12∗ + 𝑆𝑆22𝑆𝑆22∗ = 1 𝑜𝑜𝑟𝑟 |𝑆𝑆12|2 + |𝑆𝑆22|2 = 1                                      (1.4) 

 

1.3 SHORT-CIRCUIT ADMITTANCE PARAMETERS  

The short-circuit admittance or Y parameters of a two-port network are defined as 

𝑌𝑌11 =
𝐼𝐼1
𝑉𝑉1
�
𝑉𝑉2=0

                         𝑌𝑌12 =
𝐼𝐼1
𝑉𝑉2
�
𝑉𝑉1=0

 

                                                  𝑌𝑌21 = 𝐼𝐼2
𝑉𝑉1
�
𝑉𝑉2=0

                        𝑌𝑌22 = 𝐼𝐼2
𝑉𝑉2
�
𝑉𝑉1=0

                                  (1.5) 

In which Vn = 0 implies a perfect short-circuit at port n. The definitions of the Y 

parameters may also be written as 

                                                       �𝐼𝐼1𝐼𝐼2
� = �𝑌𝑌11 𝑌𝑌12

𝑌𝑌21 𝑌𝑌22
� �𝑉𝑉1𝑉𝑉2

�                                                       (1.6) 

Where the matrix containing the Y parameters is called the short-circuit admittance or 

simply Y matrix, and may be denoted by [Y]. For reciprocal networks Y12 = Y21. In 

addition to this, if networks are symmetrical, Y11 = Y22. For a lossless network, the Y 

parameters are all purely imaginary [2]. 
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1.4 OPEN-CIRCUIT IMPEDANCE PARAMETERS  

The open-circuit impedance or Z parameters of a two-port network are defined as 

𝑍𝑍11 =
𝑉𝑉1
𝐼𝐼1
�
𝐼𝐼2=0

                         𝑍𝑍12 =
𝑉𝑉1
𝐼𝐼2
�
𝐼𝐼1=0

 

                                                  𝑍𝑍21 = 𝑉𝑉2
𝐼𝐼1
�
𝐼𝐼2=0

                         𝑍𝑍22 = 𝑉𝑉2
𝐼𝐼2
�
𝐼𝐼1=0

                                       (1.7) 

Where In = 0 implies a perfect open-circuit at port n. These definitions can be written as         

                                                      �𝑉𝑉1𝑉𝑉2
� = �𝑍𝑍11 𝑍𝑍12

𝑍𝑍21 𝑍𝑍22
� �𝐼𝐼1𝐼𝐼2

�                                                       (1.8) 

The matrix, which contains the Z parameters, is known as the open-circuit impedance or 
Z matrix and is denoted by [Z]. For reciprocal networks, Z12 = Z21. If networks are 
symmetrical, Z12 = Z21 and Z11 = Z22. For a lossless network, the Z parameters are all 
purely imaginary and we obtain an important relation 

                                                                  [𝑍𝑍] = [𝑌𝑌]−1                                                            (1.9) 

1.5 ABCD PARAMETERS 

The ABCD parameters of a two-port network are given by 

𝐴𝐴 =
𝑉𝑉1
𝑉𝑉2
�
𝐼𝐼2=0

                         𝑑𝑑 =
𝑉𝑉1
−𝐼𝐼2

�
𝑉𝑉2=0

 

                                                    𝐶𝐶 = 𝐼𝐼1
𝑉𝑉2
�
𝐼𝐼2=0

                         𝑑𝑑 = 𝐼𝐼1
−𝐼𝐼2
�
𝑉𝑉2=0

                                        (1.10) 

These parameters are actually defined in a set of linear equations in matrix notation        

                                                            �𝑉𝑉1𝐼𝐼1
� = �𝐴𝐴 𝑑𝑑

𝐶𝐶 𝐷𝐷� �
𝑉𝑉2
−𝐼𝐼2

�                                                 (1.11) 
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, where the matrix comprised of the ABCD parameters is called the ABCD matrix. 

Sometimes, it may also be referred to as the transfer or chain matrix. The ABCD 

parameters have the following properties: 

                            𝐴𝐴𝐷𝐷 –  𝑑𝑑𝐶𝐶 =  1             𝐹𝐹𝑜𝑜𝑟𝑟 𝑎𝑎 𝑟𝑟𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑜𝑜𝑟𝑟𝑎𝑎𝑟𝑟 𝑛𝑛𝑒𝑒𝑛𝑛𝑛𝑛𝑜𝑜𝑟𝑟𝑛𝑛                                    (1.12) 

                                                𝐴𝐴 = 𝐷𝐷             𝐹𝐹𝑜𝑜𝑟𝑟 𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚𝑒𝑒𝑛𝑛𝑟𝑟𝑟𝑟𝑟𝑟𝑎𝑎𝑟𝑟 𝑁𝑁𝑒𝑒𝑛𝑛𝑛𝑛𝑜𝑜𝑟𝑟𝑛𝑛                                    (1.13) 

If the network is lossless, then A and D will be purely real and B and C will be purely 

imaginary. If the network in Figure 1.1 is turned around, then the transfer matrix defined 

in (1.11) becomes 

                                                          �𝐴𝐴𝑡𝑡 𝑑𝑑𝑡𝑡
𝐶𝐶𝑡𝑡 𝐷𝐷𝑡𝑡

� = �𝐷𝐷 𝑑𝑑
𝐶𝐶 𝐴𝐴�                                                     (1.14) 

Where the parameters with t subscripts are for the network after being turned around, 

and the parameters without subscripts are for the network before being turned around 

(with its original orientation).  

 

Fig. 1. 2. Two-port networks and their ABCD parameters. 

In both cases, V1 and I1 are at the left terminal and V2 and I2 are at the right terminal. 

The ABCD parameters are very useful for analysis of a complex two-port network that 
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may be divided into two or more cascaded subnetworks. Figure 1.2 gives the ABCD 

parameters of some useful two-port networks [1]. 

1.6 MICROSTRIP STRUCTURE  

The general structure of a microstrip is illustrated in Figure 1.3. A conducting strip 

(microstrip line) with a width w and a thickness t is printed on the top of a dielectric 

substrate that has a relative dielectric constant ɛr and a thickness h, and the bottom of 

the substrate is a ground (conducting) plane.  

 

Fig. 1. 3. Microstrip transmission line. 

The electrical length 𝜃𝜃 for a given physical length l of the microstrip is defined by  

                                                              𝜃𝜃 = 𝛽𝛽𝑟𝑟                                                                 (1.15) 

Therefore, 𝜃𝜃 = 𝜋𝜋
2

 when  𝑟𝑟 = 𝜋𝜋
4

 and 𝜃𝜃 = 𝜋𝜋  when 𝑟𝑟 = 𝜋𝜋
2

. These so-called quarter-

wavelength and half-wavelength microstrip lines are important for the design of 

microstrip filters. 
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1.7 OVERVIEW OF THESIS 

When the transmission line is one quarter wavelength long or odd multiple of quarter 

wavelength long, it is called the quarter wavelength transmission line. Quarter 

wavelength lines are generally used to transform impedances from one value to 

another, which gives the designer flexibility to design the microwave networks at 

different impedance values [3]. Chapter 2 has been reflecting that idea and 

implementing asymmetrical pi-shaped short-circuited dual-band quarter wavelength 

transmission line. It is noticed that eventually all short-circuited quarter wavelength 

stubs can also be represented as half-wavelength open stub. 

Chapter 3 represents a novel dual-band open-stub and short-circuited stub microstrip 

transmission line. With open and short-circuited stubs the transmission line becomes a 

more robust design for dual-band operation. 

There are many research opportunities in half wavelength microstrip transmission lines. 

The most important property of a half wavelength transmission is that the whole 

transmission line network may be reduced or increased in length by a half wavelength 

line or multiple half wavelength lines and the input impedance remains the same [4]. 

Chapter 4 tries to provide a unique design on half wavelength microstrip transmission 

line. 
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CHAPTER 2 

 A NOVEL DUAL-BAND ASYMMETRIC PI-SHAPED SHORT-CIRCUITED 

MICROSTRIP TRANSMISSION LINE 

2.1 INTRODUCTION:  

Dual-band microstrip transmission lines are essential components in RF circuit design. 

Due to the high demand of wireless communication, microwave frequency range 

become more popular in all aspects of human life. On that progress, microstrip 

transmission lines offer compact size and low cost. From the concept of duplex 

communication system for efficient multipurpose devices, dual-band microstrip 

transmission lines have become one of the most important devices to work on.  In [3], 

the authors proposed short-circuit stepped impedance resonators for dual-band filters. 

The design is the combination of two symmetrical T-shaped transmission lines 

connected at both sides of a symmetrical SIR. By adjusting the short-circuited stubs, a 

dual-band filter response can be achieved. In [5], two symmetrical T-shaped 

transmission lines are added together, and at both ends the ports are also connected 

with shorted stubs with similar impedance values. The design has one unique aspect as 

the two stubs of T-shaped transmission line are connected with a lumped component to 

couple with narrow side coupling and high impedance open stub. With that concept the 

design can achieve dual/tri/quad band responses at certain center frequencies. The 

proposed designs in [6] offer two different resonant SIRs that are coupled together to 

achieve dual-band band-pass filter responses. In [7], the authors proposed two 

symmetrical T-shaped resonators that are connected with one short-circuited stub to 
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achieve multimode resonators. In [8], a dual-band band-pass filter has been realized 

with T-shaped resonators, where the transmission lines are folded to make open loop 

resonators. The design in [9] is similar to the design in [8], except that rather than using 

folded open loop transmission lines, the authors proposed to use two un-folded SIRs 

that are connected with one stub. From the above designs, it has been observed that for 

dual-band resonator or dual-band band-pass filter, symmetrical T-shaped transmission 

lines and stepped-impedance resonators (SIRs) with short and long open-circuited and 

short-circuited stubs become common and convenient. Designs in [10] and [11] 

represent symmetrical pi-shaped open loop stepped impedance stubs for dual-band 

branch line couplers. 

In this chapter, we will present a simple, compact and low cost dual-band microstrip 

transmission line based on pi-shaped short-circuited stubs. There are some important 

features existing in the design. At first, both of the stubs of the design are short-circuited 

stubs. Secondly, both of the stubs and the transmission line are completely asymmetric 

in dimensions. Thirdly, the design can be satisfied for both 50Ω and 60Ω quarter-

wavelength transmission lines.   

2.2 THEORETICAL ANALYSIS: 

A symmetrical pi shaped open stub [12], [13], [14], [15] is one of the common and 

popular structures for realizing dual-band couplers, power dividers and resonators. The 

concept of using short-circuited stubs with one transmission line makes the design 

easier to understand and implement. Fig. 2.1 shows the schematic of the proposed 

dual-band asymmetric pi-shaped microstrip transmission line. The design is composed 

of two short-circuited stubs and a series-connected transmission line. Each of the stubs 
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and the series transmission line are asymmetric in respect of impedances and electrical 

length. In the figure, the series transmission line is denoted by impedance Z1 and 

electrical length Ɵ1. The two stubs are represented respectively in impedance and 

electrical length by Z2, Ɵ2 and Z3, Ɵ3.  

 

Fig. 2. 1. Structure of the proposed asymmetrical pi-shaped short-circuited stubs loaded 

dual-band microstrip transmission line. 

The design equation can be obtained in two different ways. One way is based on the 

concept of calculating the total input impedance [16], [17] and matching it with ideal 

quarter-wavelength transmission lines. The design equations can be also obtained by 

using the ABCD matrix [18], [19] to evaluate the impedances and the electrical lengths 

of the transmission lines and the stubs. For the proposed design, the ABCD matrix 

method will be employed and the ABCD matrix is derived as follows: 

 

�𝐴𝐴 𝑑𝑑
𝐶𝐶 𝐷𝐷� = �

1 0
−𝑗𝑗
𝑍𝑍2

cot𝜃𝜃2 1� × �
cos 𝜃𝜃1 𝑗𝑗𝑍𝑍1 sin𝜃𝜃1
𝑗𝑗
𝑍𝑍1

sin𝜃𝜃1 cos𝜃𝜃1
�× �

1 0
−𝑗𝑗
𝑍𝑍3

cot𝜃𝜃3 1�                                        (2.1) 
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From the above equation each element of the ABCD matrix is derived as, 

𝐴𝐴 = tan𝜃𝜃3 + 𝑍𝑍1
𝑍𝑍2

tan𝜃𝜃1                                                                                                                                 (2.1a) 

𝑑𝑑 = 𝑗𝑗𝑍𝑍1 sin𝜃𝜃1                                                                                                                                                 (2.1b) 

𝐶𝐶 = 𝑗𝑗[cos 𝜃𝜃1 cot 𝜃𝜃2
𝑍𝑍2

+ sin𝜃𝜃1
𝑍𝑍1

− 𝑍𝑍1
𝑍𝑍2𝑍𝑍3

sin𝜃𝜃1 cot𝜃𝜃2 cot𝜃𝜃3 −
cos 𝜃𝜃1 cot 𝜃𝜃3

𝑍𝑍3
                                                 (2.1c) 

𝐷𝐷 = tan 𝜃𝜃2 + 𝑍𝑍1
𝑍𝑍2

tan𝜃𝜃1                                                                                                                                 (2.1d) 

As the proposed structure is equivalent to a quarter-wavelength transmission line with 

the characteristic impedance Zc of 50Ω or 60Ω then the ABCD matrix should be equal to: 

                                                    �𝐴𝐴 𝐶𝐶
𝑑𝑑 𝐷𝐷� = �

0 𝑗𝑗𝑍𝑍𝑐𝑐
𝑗𝑗
𝑍𝑍𝑐𝑐

0 �                                                           (2.2) 

Now in respect of the equivalency of the matrix element of 2.1(a), 2.1(b), 2.1(c) and 

2.1(d) with the matrix equation (2.2), we obtain, 

tan𝜃𝜃3 = −𝑍𝑍1
𝑍𝑍3

tan𝜃𝜃1                                                                                                                              (2.3) 

𝑍𝑍1 sin𝜃𝜃1 = 𝑍𝑍𝑐𝑐                                                                                                                                         (2.4) 

cos 𝜃𝜃1 cot 𝜃𝜃2
𝑍𝑍2

+ sin𝜃𝜃1
𝑍𝑍1

− 𝑍𝑍1
𝑍𝑍2𝑍𝑍3

sin𝜃𝜃1 cot𝜃𝜃2 cot𝜃𝜃3 −
cos 𝜃𝜃1 cot 𝜃𝜃3

𝑍𝑍3
= 1

𝑍𝑍𝑐𝑐
                                                   (2.5)   

tan𝜃𝜃2 = −𝑍𝑍1
𝑍𝑍2

tan𝜃𝜃1                                                                                                                              (2.6) 

 

Now from equation (2.4) we can obtain the electrical lengths for dual-band operation at 

low and high frequency, which are given below, 

𝑍𝑍1 sin𝜃𝜃1𝑓𝑓1 = ±𝑍𝑍𝑐𝑐                                                                                                                                          (2.7a) 
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𝑍𝑍1 sin𝜃𝜃1𝑓𝑓2 = ±𝑍𝑍𝑐𝑐                                                                                                                                          (2.7b) 

where Ө1f1 and Ө1f2 are the electrical lengths of the lines at the two desired operating 

frequencies. For the proposed design, the low and high frequency electrical lengths of 

the transmission lines are related to each other as: 

                                           𝜃𝜃1𝑓𝑓2 = 𝑛𝑛𝜋𝜋 − 𝜃𝜃1𝑓𝑓1             𝑛𝑛 = 1, 3                                           (2.8a) 

                                                𝜃𝜃1𝑓𝑓2 = 𝑛𝑛𝜋𝜋 + 𝜃𝜃1𝑓𝑓2             𝑛𝑛 = 2                                                     (2.8b) 

And the general equation of the dual-band frequency ratio with respect to electrical 

lengths is: 

                                                          𝜃𝜃1𝑓𝑓1
𝜃𝜃1𝑓𝑓2

= 𝑓𝑓1
𝑓𝑓2

                                                                    (2.9) 

From equations (2.8a), (2.8b) and (2.9), the low frequency electrical length can be 

calculated as the following: 

                                           𝜃𝜃1𝑓𝑓1 = 𝑓𝑓1
𝑓𝑓2+𝑓𝑓1

𝑛𝑛𝜋𝜋             𝑎𝑎𝑛𝑛 𝑛𝑛 = 1,3                                                (2.10a)         

                                                          𝜃𝜃1𝑓𝑓1 = 𝑓𝑓1
𝑓𝑓2−𝑓𝑓1

𝑛𝑛𝜋𝜋             𝑎𝑎𝑛𝑛 𝑛𝑛 = 2                                              (2.10b), 

where f1 and f2 are low and high frequency respectively for the dual-band operation.  

From equations (2.3) and (2.6), the relation between the electrical lengths of two stubs 

for low and high frequency can be derived as, 

𝜃𝜃2𝑓𝑓2 = 𝑛𝑛𝜋𝜋 + 𝜃𝜃2𝑓𝑓1                                                                                                                                    (2.11)    

𝜃𝜃3𝑓𝑓2 = 𝑛𝑛𝜋𝜋 + 𝜃𝜃3𝑓𝑓1                                                                                                                                     (2.12) 

12 
 



By considering the general equation (2.9) of the frequency ratio and the ratio of 

electrical lengths, we can get the solution for getting the values of electrical lengths of 

the stubs with respect to the frequency ratio. 

𝜃𝜃2𝑓𝑓1 = 𝑓𝑓1
𝑓𝑓2−𝑓𝑓1

𝑛𝑛𝜋𝜋     𝑎𝑎𝑛𝑛 𝑛𝑛 = 1,3                                                                                                               (2.13) 

𝜃𝜃3𝑓𝑓1 = 𝑓𝑓1
𝑓𝑓2−𝑓𝑓1

𝑛𝑛𝜋𝜋    𝑎𝑎𝑛𝑛 𝑛𝑛 = 1,3                                                                                                                (2.14) 

The impedance values of the transmission line and the asymmetric stubs can be 

calculated through the following equations.  

𝑍𝑍1 = 𝑍𝑍𝑐𝑐
sin𝜃𝜃1

                                                                                                                                              (2.15) 

𝑍𝑍2 = −𝑍𝑍1
tan 𝜃𝜃1
tan 𝜃𝜃2

                                                                                                                                            (2.16) 

𝑍𝑍3 = −𝑍𝑍1
tan 𝜃𝜃1
tan 𝜃𝜃3

                                                                                                                                                 (2.17) 

The impedance values of each stub and the transmission lines have been considered 

within the range between 20Ω to 120Ω and the electrical lengths are between 15o to 

360o. The realizable frequency ratio for the design can be expanded by increasing the 

value of n. 

2.3 SIMULATION RESULTS 

In Fig. 2.2 and Fig. 2.3, the desired values of impedances for stubs and for the 

transmission line have been shown at different frequency ratios for the designed 50Ω 

and 60Ω transmission lines.  
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Fig. 2. 2. Computed impedance values for stubs and transmission line under frequency 

ratio from 1.5 to 1.58 for n1=2, n2=1 and n3=3 for a 50Ω transmission line. 

 

Fig. 2. 3. Computed impedance values for stubs and transmission line under frequency 

ratio from 1.43 to 1.54 for n1=2, n2=1 and n3=3 for 60Ω transmission line. 

By applying the calculated design parameters of the proposed structure, circuit level 

simulation has been done in ADS. Fig. 2.4 shows the schematic diagram of the 

proposed structure in ADS simulation.  
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Fig. 2. 4. Schematic diagram of proposed structure in ADS. 

ADS circuit simulation results for dual-band frequency response are exactly matched 

with theoretical results for S11 and S12. Fig. 2.5 and Fig. 2.6 show the circuit simulation 

responses for S11 and S12 for quarter wavelength 50Ω and 60Ω microstrip transmission 

lines. Full-wave numerical simulation has also been done in Hyperlynx 3D EM. For the 

numerical simulation, the PCB employed in the design has a dielectric constant εr =2.2, 

substrate height h=0.787mm and metal thickness=0.004mm. 

 

Fig. 2. 5. ADS circuit simulation response for S11 and S12 for the 50Ω transmission line. 
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Fig. 2. 6. ADS circuit simulation response for S11 and S12 for the 60Ω transmission line. 

For achieving a 50Ω quarter wavelength transmission line and applying equations 

(2.10b), (2.13), (2.14), (2.15), (2.16) and (2.17) we can derive the impedances and 

electrical lengths as Z1=79.75451, Z2=22.61553, Z3=103.6514, Ө1=141.1765, 

Ө2=70.58824 and Ө3=211.7647. The design has been aimed to achieve the desired 

frequency responses at 1GHz and 1.55GHz. The performance of the designed 50Ω 

transmission line has been further verified by numerical simulations. The simulation 

results for return loss (S11) and insertion loss (S12) are shown in Fig. 2.7.  

 

Fig. 2. 7. Numerical simulation response for the designed 50Ω transmission line. 
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Through similar approach for matching the proposed design with a 60Ω quarter 

wavelength transmission line, the impedances and the electrical lengths of the dual-

band 60Ω transmission line can be calculated as Z1=113.6956, Z2=20.15599, 

Z3=77.84086, Ө1=148.1481, Ө2=74.07407 and Ө3=222.222. The design has been 

aimed to achieve the desired frequency response at 1GHz and 1.43GHz. The numerical 

simulation results for S11 and S12 for this transmission line have been shown in Fig. 2.8. 

 

Fig. 2. 8. Numerical simulation responses for the designed 60Ω transmission line. 

Now through numerical simulation results for both transmission lines there are some 

facts which need to be discussed. First of all, for the 50Ω transmission line, from Fig. 2.7 

the response of S11 at 1GHz and at 1.55GHz is -17.8386dB and -10.7005dB 

respectively. For S12 at 1GHz and at 1.55GHz the response is -0.50697dB and -

0.927708dB respectively. The 90-degree phase response for S12 at 1GHz and at 

1.55GHz is shifted to 0.994GHz and 1.63GHz respectively. The phase responses are 

90.12o and 89.61o at these two frequencies to achieve the quarter wavelength 

transmission line performance. The shift at the higher frequency is more than that at the 

lower frequency, which can be reduced by adjusting the right stub of the design.  For 
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the 60Ω transmission line, the simulation responses for S11 are aimed at low frequency 

1GHz and at high frequency 1.43GHz. From Fig. 2.8,  it can be seen that the lower 

frequency is shifted to 1.06GHz to achieve an S11 of -14.6945dB and the higher 

frequency is shifted to 1.5GHz to get an S11 of -33.0068dB. The response of S12 at 

1GHz and at 1.5GHz is respectively -0.77dB and -1.12dB. From Fig. 2.8 it can be seen 

that the phase response of S12 is 90.58o at 0.988GHz and 90.38o at 1.5GHz 

respectively. It can be seen that, in both 50Ω and 60Ω transmission lines, the higher 

frequency is shifted for approximately 0.08GHz to achieve the desired S11 and S12 

responses. 

Based on the analysis, the proposed 50Ω quarter wavelength transmission line can be 

satisfied for the dual-band operation with a frequency ratio from 1.5 to 1.58.  For the 

60Ω quarter wavelength transmission line, the frequency ratio can be satisfied from 1.43 

to 1.54. 

2.4 CONCLUSION 

A dual-band quarter wavelength microstrip transmission line with asymmetrically 

allocated short-circuited stubs and 50Ω/60Ω characteristic impedance has been 

proposed. The designed transmission lines have been implemented based on 

theoretical design equations and then simulated through ADS and Hyperlynx 3D EM. 

The proposed asymmetrical design can be applied to different dual-band systems with 

more design flexibility.  
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CHAPTER 3

A NOVEL DUAL-BAND QUARTER WAVELENGTH TRANSMISSION LINE WITH 

ASYMMETRICALLY ALLOCATED OPEN-STUBS AND SHORT CIRCUITED STUBS 

 

3.1 INTRODUCTION 

Dual-band microstrip transmission lines have many aspects in modern communication 

systems. It is the key element to build resonators, band-pass or band-stop filters in 

terms of compact and durable size. There are several papers which discuss dual-band 

microstrip transmission lines. In [18], the authors proposed conventional branch line 

coupler with short circuited stubs and open stubs pi shaped transmission lines. In [19], 

the authors proposed the branch line coupler by employing T-shaped quarter 

wavelength microstrip transmission lines.  Both of the papers use the concept of ABCD 

matrix to evaluate the impedances and electrical lengths of the transmission line and 

stubs.  In [20], the authors proposed two asymmetric open stub loaded stepped 

impedance resonators coupled together to build band-pass filters. In [21] and [22] open 

and short stubs have been proposed for quad band and dual-band band-pass filters. 

None of these previous works consider the open and short-circuited stubs together. In 

this chapter, the design of the proposed dual-band transmission lines will consist of 

open and short-circuited stubs at both ends of the transmission line. Specifically, these 

stubs are asymmetrical with the transmission line and located at both ends of the 

transmission line. In the design, transmission line is connected with two short-circuited 

stubs and two open stubs. In each side both of the short and open stubs have similar 
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electrical length and impedance. These stubs can be also treated as the equivalence of 

discrete capacitors and inductors for the resonant circuits at microwave frequencies. 

The introduced novel stub loaded transmission line can operate at the frequency ratio 

from 1.32 to 1.4. The advantage of the design is the flexibility of choosing the 

transmission lines and the stubs in asymmetric shapes. The proposed microstrip 

transmission line is verified analytically by using HyperLynx 3D EM and ADS along with 

theoretical validation.   

3.2 THEORETICAL ANALYSIS  

The design consists of two open subs, two short-circuited stubs along with one 

transmission line. The design is aimed for realizing a quarter wavelength transmission 

line with an impedance of 50Ω. One of the open stubs’ impedance and electrical length 

are equal to one of the short-circuited stubs’ impedance and electrical length and both 

of the stubs are allocated at the same side of the transmission line. Similarly, the rest of 

the open and shorted stubs also have the same impedance and electrical length 

different from the previous stubs and are connected to the opposite side of the 

transmission line. The impedance and electrical length of the transmission line itself are 

different from all of the stubs. So, the resulting design becomes an asymmetric 

transmission line. The described design has been shown in Fig.3.1. 
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Fig. 3. 1. Structure of the proposed asymmetric open and short-circuited stubs loaded 

microstrip transmission line. 

In Fig.3.1, the left side of the transmission line has two stubs with impedance Z2 and Ө2. 

The transmission line has an impedance of Z1 and an electrical length value of Ө1, 

respectively. Finally, the right side of the transmission line has two stubs with 

impedance value Z3 and electrical length Ө3. Now to obtain the design equations the 

ABCD matrix method has been derived in the following manner considering for each of 

the stubs and the transmission line. 

�𝐴𝐴 𝑑𝑑
𝐶𝐶 𝐷𝐷� = �

1 0
−𝑗𝑗
𝑍𝑍2

cot𝜃𝜃2 1� × �
1 0

𝑗𝑗
𝑍𝑍2

tan𝜃𝜃2 1� × �
cos𝜃𝜃1 𝑗𝑗𝑍𝑍1 sin𝜃𝜃1
𝑗𝑗
𝑍𝑍1

sin𝜃𝜃1 cos𝜃𝜃1
�× �

1 0
−𝑗𝑗
𝑍𝑍3

cot𝜃𝜃3 1� ×

�
1 0

𝑗𝑗
𝑍𝑍3

tan𝜃𝜃3 1�                                                                                                                                        (3.1) 

From the above equation each element of the ABCD matrix is derived to be, 

21 
 



𝐴𝐴 = tan 2𝜃𝜃3 + 2𝑍𝑍1
𝑍𝑍3

tan 𝜃𝜃1                                                                                                                  (3.2) 

𝑑𝑑 = 𝑗𝑗𝑍𝑍1 sin𝜃𝜃1                                                                                                                                     (3.3) 

𝐶𝐶 = 𝑗𝑗 �cos 𝜃𝜃1
𝑍𝑍2

(tan𝜃𝜃2 − cot𝜃𝜃2) − 𝑍𝑍1
𝑍𝑍2𝑍𝑍3

sin𝜃𝜃1 (tan𝜃𝜃2 − cot𝜃𝜃2)(tan𝜃𝜃3 − cot𝜃𝜃3) + cos𝜃𝜃1
𝑍𝑍3

(tan𝜃𝜃3 −

cot𝜃𝜃3) + sin  𝜃𝜃1
𝑍𝑍1

�                                                                                                                                   (3.4) 

𝐷𝐷 = cot𝜃𝜃1 + 2𝑍𝑍1
𝑍𝑍2

cot 2𝜃𝜃2                                                                                                                    (3.5) 

By assuming the proposed quarter wavelength transmission line’s characteristic 

impedance Zc is equal to 50Ω, the ABCD matrix should be equal to: 

                                                      �𝐴𝐴 𝑑𝑑
𝐶𝐶 𝐷𝐷� = �

0 𝑗𝑗𝑍𝑍𝑐𝑐
𝑗𝑗
𝑍𝑍𝑐𝑐

0 �                                                (3.6) 

Through the equivalency of the matrix element in (3.1) and (3.6), we obtain, 

                                                          tan 2𝜃𝜃3 = −2𝑍𝑍1
𝑍𝑍3

tan𝜃𝜃1                                             (3.7)                                                                     

                                                                tan 2𝜃𝜃1 = − 𝑍𝑍2
2𝑍𝑍1

cot𝜃𝜃1                                             (3.8) 

                                                                𝑍𝑍1 sin𝜃𝜃1 = 𝑍𝑍𝑐𝑐                                                           (3.9) 

Now from equation (3.9) for the dual-band operation at the low frequency and high 

frequency the electrical length of the transmission line can be implied by, 

𝑍𝑍1 sin𝜃𝜃1𝑓𝑓1 = ±𝑍𝑍𝑐𝑐                                                                                                                (3.10a) 

𝑍𝑍1 sin𝜃𝜃1𝑓𝑓2 = ±𝑍𝑍𝑐𝑐                                                                                                                (3.10b) 

where Ө1f1 and Ө1f2 are the electrical lengths of the lines at the two desired operating 

frequencies.  

22 
 



The relation between low and high frequency electrical lengths is as, 

𝜃𝜃1𝑓𝑓2 = 𝑛𝑛𝜋𝜋 + 𝜃𝜃1𝑓𝑓1             𝑛𝑛 = 2                                                                                             (3.11) 

From the relation of dual-band frequency ratio with respect to electrical lengths  

𝜃𝜃1𝑓𝑓1
𝜃𝜃1𝑓𝑓2

= 𝑓𝑓1
𝑓𝑓2

                                                                                                                                 (3.12) 

The low frequency electrical length can be calculated in the following way, 

𝜃𝜃1𝑓𝑓1 = 𝑓𝑓1
𝑓𝑓2−𝑓𝑓1

𝑛𝑛2𝜋𝜋          𝑎𝑎𝑛𝑛 𝑛𝑛 = 2                                                                                                          (3.13) 

where f1 and f2 are low and high frequency respectively for the dual-band operation. 

From equations (3.7) and (3.8) the relation between the electrical lengths of the stubs at 

low and high frequency can be derived as, 

𝜃𝜃2𝑓𝑓2 = 𝑛𝑛𝜋𝜋 + 𝜃𝜃2𝑓𝑓1                                                                                                                          (3.14) 

𝜃𝜃3𝑓𝑓2 = 𝑛𝑛𝜋𝜋 + 𝜃𝜃3𝑓𝑓1                                                                                                                                   (3.15) 

By considering the general equation (12) of the relation of frequency ratio and the ratio 

of electrical lengths we can get the solution for getting the values of electrical lengths of 

the stubs in respect of frequency ratio. 

𝜃𝜃2𝑓𝑓1 = 𝑓𝑓1
𝑓𝑓2−𝑓𝑓1

𝑛𝑛𝜋𝜋     𝑎𝑎𝑛𝑛 𝑛𝑛 = 1,3                                                                                                               (3.16) 

𝜃𝜃3𝑓𝑓1 = 𝑓𝑓1
𝑓𝑓2−𝑓𝑓1

𝑛𝑛𝜋𝜋    𝑎𝑎𝑛𝑛 𝑛𝑛 = 1,3                                                                                                                (3.17) 
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The impedance values of the transmission line and the stubs can be calculated through 

the following equations.  

𝑍𝑍1 = 𝑍𝑍𝑐𝑐
sin𝜃𝜃1

                                                                                                                                                  (3.18) 

𝑍𝑍2 = −2𝑍𝑍1
cot 2𝜃𝜃2
cot 𝜃𝜃1

                                                                                                                                    (3.19) 

𝑍𝑍3 = −2𝑍𝑍1
tan𝜃𝜃1
tan2𝜃𝜃3

                                                                                                                                   (3.20) 

Each of the impedance value has been considered within the range between 20Ω to 

120Ω and the electrical lengths are between 15o to 360o. The realizable frequency ratio 

for the design can be increased by increasing the value of n. 

3.3 SIMULATION RESULTS 

The desired values of impedances for stubs and transmission line have been calculated 

and shown in Fig. 3.2 at different frequency ratios. With the calculated design 

parameters circuit simulations have been done in ADS. Finally full-wave numerical 

simulations have been done in Hyperlynx 3D EM. The printed circuited board has a 

dielectric constant εr=2.2, substrate height h=0.787mm and metal thickness γ=0.04mm. 
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Fig. 3. 2. Computed stub impedances under frequency ratios from 1.32 to 1.4 for n1=2, 

n2=1 and n3=3. 

Fig. 3.3 and Fig. 3.5 show the circuit diagram in ADS and in HyperLynx 3D EM, 

respectively. The derived impedances and electrical lengths from equations (12), (15), 

(16) and (17), (18) and (19) are Z1=119.0791, Ө1=155.1724, Z2= 24.25326, 

Ө2=38.7931, Z3=83.7595 and Ө3=116.3793.  

 

Fig. 3. 3. Schematic diagram of ADS circuit simulations. 
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Fig. 3. 4. ADS circuit simulation responses for S11 and S21. 

Fig.3.4. shows the circuit simulation results of S11 and S21 to fulfil the requirements of 

50Ω quarter wavelength transmission line at 1GHz and 1.32GHz. 

 

Fig. 3. 5. Geometric structure (HyperLynx 3D EM) of the proposed transmission line 

with a characteristic impedance of 50Ω. 

The performance of the designed transmission line has been further verified by 

numerical simulations. The simulation results for return loss (S11) and insertion loss 

(S21) are shown in Fig. 3.6 and the phase response has been shown in Fig.3.7.  
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Fig. 3. 6. Numerical simulation responses for return loss (S11) and insertion loss (S21). 

 

Fig. 3. 7. Numerical simulation responses for the phase response. 

It is found that numerical simulations through HyperLynx 3D EM can cause frequency 

shift for return loss S11 and for phase response of S12. By adjusting the length of the 

stub, the frequency shift can be reduced. The transmission line has been designed for 

the dual frequency bands of 1GHz and 1.32GHz. From Fig. 3.6 it can be seen that the 

lower frequency is shifted from 1GHz to 1.08GHz to achieve an S11 of   -13.6dB and for 

the higher frequency shifted from  1.32GHz to 1.38GHz to achieve an S11 of -13.9dB. 
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Both lower and higher frequencies are shifted for approximately 0.06~0.08GHz. The 

value of S21 at low and high frequencies is -0.714753dB and -1.09727dB respectively. 

The 90o phase response of the designed transmission line can be achieved for low and 

high frequency at 1.08GHz and 1.378GHz respectively. All of these results have clearly 

demonstrated the dual-band operation of the designed transmission line.  On the basis 

of above consideration the proposed transmission line design can be satisfied for dual-

band operation for frequency ratios from 1.32 to 1.4 with asymmetrical electrical lengths 

and impedances for the stubs and the transmission line.  

3.4 CONCLUSION 

A dual-band quarter wavelength microstrip transmission line with asymmetrically 

allocated open- and short-circuited stubs has been designed and simulated. With the 

described dual-band design concept, the frequency response for the proposed design is 

unique. It can be applied to different dual-band systems. 
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CHAPTER 4 

DUAL-BAND PI-SHAPED OPEN STUB HALF WAVELENGTH MICROSTRIP 

TRANSMISSION LINE 

4.1 INTRODUCTION 

This chapter has been aimed to design dual-band half wavelength microstrip 

transmission lines. Up to now, there are not many published works on designing dual-

band half wavelength microstrip transmission lines. In the past there were some works 

done on single-band half wavelength resonators. In [23], the authors proposed 

capacitive loading to a half wavelength stub resonator. This capacitive loaded resonator 

has the flexibility to set the resonant frequency independently by choosing suitable 

capacitance values. In [24], center-loaded half-wavelength resonators have been 

proposed for balanced band-pass filters. Fundamental resonant frequency equation has 

been considered for determining the resonant frequency. The design in [4] offers 

microstrip stubs-loaded three-mode resonators. It is configured by adding two open 

stubs with a half-wavelength resonator. It offers two transmission zeros in the required 

passband. By connecting the two proposed designs, the authors can achieve three 

transmission zeros to realize the extended passband. The designs in [25] and [26] 

proposed band-pass filters using short-stub loaded half-wavelength resonator to 

achieve multiple transmission zeros. In these works, for theoretical analysis to calculate 

impedances and electrical lengths, authors considered even-odd mode analysis and the 

fundamental resonant frequency equation. In [27], the authors proposed band-pass 

filters employing two un-symmetric half-wavelength resonators. The theoretical 
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calculation has been done in respect of the lumped element for low frequency single 

band transmission. Different from all these previous works, a unique and novel dual-

band half wavelength transmission line will be presented in this chapter. Specifically, 

three symmetrical pi-shaped open stub microstrip transmission lines have been 

cascaded to achieve the proposed half wavelength transmission line. The design can 

operate at frequency ratios from 1.14 to 1.36. 

4.2 THEORETICAL ANALYSIS 

The schematic of the proposed dual-band half wavelength microstrip transmission line 

is shown in Fig.4.1.  

 

Fig. 4. 1. Structure of the proposed dual-band half wavelength microstrip transmission 

line. 

One of the advantages of half wavelength transmission lines is the flexibility of choosing 

any impedance values within certain range (20Ω~120Ω) to satisfy the half wavelength 

transmission line function for a given range (2.07~2.18) of frequency ratios. In the 
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proposed design, the electrical lengths and impedances of stubs are different from the 

electrical lengths and impedance values of the transmission lines.  

Now to obtain the design equations, the ABCD matrix method is applied. The resulting 

design equation is as follows, 

�𝐴𝐴 𝑑𝑑
𝐶𝐶 𝐷𝐷� = �

1 0
𝑗𝑗
𝑍𝑍2

tan 𝜃𝜃2 1� × �
cos𝜃𝜃1 𝑗𝑗𝑍𝑍1 sin𝜃𝜃1
𝑗𝑗
𝑍𝑍1

sin𝜃𝜃1 cos𝜃𝜃1
� × �

1 0
𝑗𝑗
𝑍𝑍2

tan𝜃𝜃2 1� × �
1 0

𝑗𝑗
𝑍𝑍2

tan𝜃𝜃2 1� ×

�
cos𝜃𝜃1 𝑗𝑗𝑍𝑍1 sin𝜃𝜃1
𝑗𝑗
𝑍𝑍1

sin𝜃𝜃1 cos𝜃𝜃1
� × �

1 0
𝑗𝑗
𝑍𝑍2

tan𝜃𝜃2 1� × �
1 0

𝑗𝑗
𝑍𝑍2

tan𝜃𝜃2 1� × �
cos 𝜃𝜃1 𝑗𝑗𝑍𝑍1 sin𝜃𝜃1
𝑗𝑗
𝑍𝑍1

sin𝜃𝜃1 cos𝜃𝜃1
� ×

�
1 0

𝑗𝑗
𝑍𝑍2

tan𝜃𝜃2 1�                                                                                                                                        (4.1) 

From the multiplication of each matrix the following equations are derived,  

𝐴𝐴 = (cos 𝜃𝜃1 −
𝑍𝑍1
𝑍𝑍2

sin𝜃𝜃1 tan 𝜃𝜃1) [(cos𝜃𝜃1 −
𝑍𝑍1
𝑍𝑍2

sin𝜃𝜃1 tan𝜃𝜃1)2 − 3]                                      (4.2) 

𝑑𝑑 = 𝑗𝑗 �4𝑍𝑍1 sin𝜃𝜃1 (cos𝜃𝜃1 −
𝑍𝑍1
𝑍𝑍2

sin𝜃𝜃1 tan𝜃𝜃1)2 − 𝑍𝑍1 sin𝜃𝜃1�                                                (4.3) 

𝐶𝐶 = 𝑗𝑗( 2
𝑍𝑍2

cos𝜃𝜃1 tan𝜃𝜃2 + 1
𝑍𝑍1

sin𝜃𝜃1 −
𝑍𝑍1
𝑍𝑍2
2 sin𝜃𝜃1 tan2 𝜃𝜃2)[4 (cos 𝜃𝜃1 −

𝑍𝑍1
𝑍𝑍2

sin𝜃𝜃1 tan𝜃𝜃1)2 − 1]   (4.4) 

𝐷𝐷 = (cos𝜃𝜃1 −
𝑍𝑍1
𝑍𝑍2

sin𝜃𝜃1 tan𝜃𝜃1) [(cos 𝜃𝜃1 −
𝑍𝑍1
𝑍𝑍2

sin𝜃𝜃1 tan𝜃𝜃1)2 − 3]                                      (4.5) 

 

To achieve the desired half wavelength transmission line performance, the ABCD matrix 

should be equal to, 

�𝐴𝐴 𝑑𝑑
𝐶𝐶 𝐷𝐷� = �−1 0

0 −1�                                                                                                                            (4.6) 

 

Through the equivalency of the matrix elements in (4.1) and (4.6), we can have, 
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4𝑍𝑍1 sin𝜃𝜃1 (cos𝜃𝜃1 −
𝑍𝑍1
𝑍𝑍2

sin𝜃𝜃1 tan𝜃𝜃1)2 − 𝑍𝑍1 sin𝜃𝜃1 = 0                                                                  (4.7) 

tan𝜃𝜃2 = 𝑍𝑍2
𝑍𝑍1 sin𝜃𝜃1

(cos𝜃𝜃1 −
1
2
)                                                                                                               (4.8) 

So,  

tan𝜃𝜃2𝑓𝑓1 = 𝑍𝑍2
𝑍𝑍1 sin𝜃𝜃1𝑓𝑓1

(cos𝜃𝜃1𝑓𝑓1 −
1
2
)                                                                                                     (4.9) 

And  

tan𝜃𝜃2𝑓𝑓2 = 𝑍𝑍2
𝑍𝑍1 sin𝜃𝜃1𝑓𝑓2

(cos𝜃𝜃1𝑓𝑓2 −
1
2
)                                                                                                   (4.10) 

where Ө1f1 and Ө1f2 are the electrical lengths of the lines at the two desired operating 

frequencies. The relation between low and high frequency electrical lengths is: 

𝜃𝜃2𝑓𝑓2 = 𝑛𝑛𝜋𝜋 + 𝜃𝜃1𝑓𝑓1                                                                                                                                  (4.11) 

From the relation between low and high frequency ratio with respect to the electrical 

lengths we have 

𝜃𝜃1𝑓𝑓1
𝜃𝜃1𝑓𝑓2

= 𝑓𝑓1
𝑓𝑓2

                                                                                                                      (4.12) 

So, the low frequency electrical lengths for stubs can be calculated in the following way. 

𝜃𝜃2𝑓𝑓1 = 𝑓𝑓1
𝑓𝑓2−𝑓𝑓1

𝑛𝑛𝜋𝜋         𝑛𝑛 = 1,3                                                                                                             (4.13) 

 

where f1 and f2 are low and high frequency for the dual-band operation respectively. The 

electrical lengths of the transmission lines at the low frequency can be derived as  

𝜃𝜃1𝑓𝑓1 = 𝑓𝑓1
𝑓𝑓2−𝑓𝑓1

𝑛𝑛𝜋𝜋         𝑛𝑛 = 2                                                                                                                  (4.14) 
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By considering the relation between the two working frequencies, the low frequency 

value can be derived based on the specified frequency ratio.  

To calculate the impedance values, one of the impedance values will first be considered 

independently, then from that value we can get the values of impedances from the 

following equations. 

𝑍𝑍2 = 20: 1: 120;                                                                                                           (4.15) 

 𝑍𝑍1 = 𝑍𝑍2
tan 𝜃𝜃2 sin𝜃𝜃1

(cos 𝜃𝜃1 −
1
2
)                                                                                                             (4.16) 

     

In the analysis, the impedance values have been considered within the range between 

20Ω to 120Ω and the electrical lengths would be between 15o to 360o  

4.3 SIMULATION RESULT 

In the design, for achieving the continuous frequency ratios from 2.07 to 2.18 the 

impedance values of Z2 (referring to Fig. 4.1) will be changed to 22Ω, 27Ω, 35Ω, 48Ω, 

70Ω and 114Ω. With the calculated design parameters the circuit simulation has been 

done at first in ADS. The derived impedances and the electrical lengths from equations 

(4.13), (4.14), (4.15) and (4.16) are Z1=110.056, Z2=22, Ө1=336.45, Ө2=168.2243. Fig. 

4.2, Fig. 4.3 and Fig. 4.4 show the circuit diagram and circuit simulation responses for 

S11 and S12 in ADS.  
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Fig. 4. 2. Schematic diagram of proposed dual-band half wavelength transmission line 

in ADS. 

 

Fig. 4. 3. ADS circuit simulation responses for S11 and S12 in dB. 

 

Fig. 4. 4. ADS circuit simulation of phase response for the designed half wavelength 

transmission line. 

34 
 



From Fig. 4.3, it is shown S11 and S12 responses are exactly at 1GHz and 1.14GHz. The 

180o phase response of S12 is also achieved at 1GHz and 1.14GHz. The performance of 

the design transmission line has been further verified by numerical simulations. The 

physical layout of the design in HyperLynx 3D EM, the simulation results for return loss 

(S11), insertion loss (S12) and phase response are shown respectively in Fig. 4.5, Fig.4.6 

and in Fig. 4.7. 

 

Fig. 4. 5. Geometric structure (HyperLynx 3D EM) of the proposed transmission line. 

 

Fig. 4. 6. Numerical simulation responses for return loss (S11) and insertion loss (S12). 
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Fig. 4. 7. Numerical simulation response for phase response (S12). 

Fig.4.6 shows that S11 responses at low (1GHz) and high (2.07GHz) frequencies are     

–20.47dB and -10dB respectively. The S12 responses are -1.81dB and -2.23dB for 

1GHz and 2.07GHz respectively. Fig.4.7 shows the phase response of S12. It is 177.37o 

at 1.07GHz and 175.21o at 2.07GHz, respectively. The phase response of S12 for lower 

frequency is shifted for approximately 0.07GHz. All of these results have clearly 

demonstrated the dual-band operation of the designed half wavelength transmission 

line. 

4.4 CONCLUSION 

In this chapter, a dual-band half wavelength symmetrical microstrip transmission line 

has been designed and simulated. The described dual-band design concept is the 

combination of three pi-shaped symmetrical microstrip transmission lines. The design 

proves the idea of cascading three 60o transmission lines to form a half wavelength 

(180o) microstrip transmission line for dual-band operations.   
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CHAPTER 5 

CONCLUSION AND FUTURE WORK 
 

We have discussed three different designs of dual-band microstrip transmission lines, 

which can be applied to design the microwave circuits for dual-band, wide-band or 

multi-band operations.   

The proposed design in chapter 2 (the asymmetric pi-shaped open stubs and short-

circuited stubs microstrip transmission line) has been satisfied to achieve 50Ω and 60Ω 

transmission lines. The next stage of work for this chapter would be using the design 

concept to build coupled microstrip transmission line to satisfy the design for dual-band 

band-pass filters. Its higher order frequency response can be used for modern wireless 

communication system. The concept of stepped impedance resonator (SIR) [6] for 

quarter wavelength resonator with short-circuited stubs may extend the usable 

frequency ratio. Based on the concept of cascading two t-shaped microstrip circuit in [5], 

the cascade of two asymmetric pi-shaped short-circuited stubs may increase the 

opportunity to achieve extended frequency ratio to implement multi-band band-pass 

filters.  

There are not many designs using the design concept of chapter 3 for quarter 

wavelength transmission line. The flexibility of the proposed design of chapter 3 can 

possibly be extended by using stepped impedance stubs.  By considering the design 

concept presented in [18] and [19], there would be a possibility to make a combination 
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of pi-shaped and t-shaped open and short-circuited stubs for dual-band band-pass or 

wide band filter.   

The proposed work in chapter 4 provides the idea to implement dual-band half 

wavelength microstrip transmission lines. The next stage of work would be to design a 

unique dual-band half wavelength microstrip transmission line which is realized without 

the cascading of any specific wavelength transmission line. Very few works have been 

done on dual-band half wavelength microstrip transmission line. Therefore, there are 

good opportunities remaining on this topic.  
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