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NOVEL BROADBAND AND DUAL-MODE MICROSTRIP BANDPASS 

FILTER AND POWER DIVIDER 

 

 

ABSTRACT 

 

 

Filter plays an important role in communication systems. It is an electronic device 

that allows signal in certain frequency ranges to go through. In other words, filter 

helps remove all the unwanted frequency components in a signal. Generally, there 

are four types of filters: lowpass filter, highpass filter, bandpass filter and bandstop 

filter. Two filters have been proposed in my project. The first one is a microstrip 

bandpass filter that is designed and fabricated on the Rogers Duroid 6006 substrate. 

The second design is a microstrip power divider. Power divider splits an input signal 

into two equal ones at the output ports. The input and output ports are connected 

through microstrip line, which is fabricated on a Rogers Duroid 6006 substrate. This 

project can be divided into three development stages: simulation, fabrication and 

experiment. High Frequency Structure Simulator (HFSS) has been used to simulate 

the filter and power divider. A microstrip bandpass filter and power divider will be 

fabricated based on the HFSS and the frequency responses will be measured by using 

Vector Network Analyzer (VNA) in laboratory. The measured results of the filter 

and power divider agree well with the simulated results. Several case studies have 

been completed on the proposed filter and power divider in order to study the 

relationship of different parameters on them. Discussions and future work have been 

proposed after the case studies. The proposed filter and power divider designs should 

be useful for compact transceiver modules.  
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CHAPTER 1 

 

 

 

1 INTRODUCTION 

 

 

 

1.1 Background 

 

Bandpass filter is an electronic device that allows signal in certain frequency ranges 

to go through. Most of the bandpass filters are commonly used by satellite mobiles 

and mobile communication systems. A filter removes the unnecessary information 

and data before sending to receivers. By including bandpass filters in a transceiver, 

the signal‘s sensitivity (signal to noise ratio) will be improved because the ranges of 

received frequency have been decreased and the contained noise is minimized. 

Nowadays, microstrip bandpass filters have replaced the traditional bandpass filters 

in various high frequency applications. This is because microstrip bandpass filter has 

many advantages such as minimal space utilization, low cost, excellent power 

transfer characteristics, easy to fabricate, high performance, and multi-frequency 

nature. Noticeably, there have been more than 600 publications on various microstrip 

filters in recent 10 years. 

 

 A dual-mode filter has advantages because it is able to operate in two 

frequency ranges. Comparing with those single-mode filters, a dual-mode filter can 

effectively provide two frequency passbands with a single structure. Global System 

for Mobile (GSM) mobile phone requires the usage of dual-mode filters. This is 

because a GSM mobile phone needs to receive GSM900 signal, operating at 

900MHz frequency, and GSM1800 signal, operating at 1800MHz frequency, at the 

same time. To utilize the spectrum resources more effectively, a bandpass filter with 
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a wider band is more preferable. This is because more frequency components are 

able to get through in a single spectrum. 

 

 Not only that, filter size is another important parameter in filter design. It is 

no doubt that smaller filters are more preferred. This is because less material will 

then be needed and it is able to fit into other electronic systems more easily. A dual-

mode, wideband, and small-size bandpass filter is designed in the project.   

 

 

 

1.2 Research Aims and Objectives 

 

The main objective of this project is to propose and study a cavity-backed microstrip 

bandpass filter and investigate its performances. Not only that, the author would like 

to develop a one-to-two power divider with similar configuration. Understanding the 

basic knowledge is very important before designing the filter and power divider. It 

will enable the author to have a clearer mind when modifying the filter‘s 

configuration in the simulation stage. Without basic theory, the author will not 

understand the reasons behind each parametric modification. Changing it blindly will 

not gain any useful knowledge. A lot of related journals and articles can be found in 

IEEE Xplore database under the UTAR OPAC system. The author can refer to these 

journals and articles when designing his bandpass microstrip filter and microstrip 

power divider. 

 

The first part of project is to design a microstrip bandpass filter that has dual-

mode characteristic. The designed bandpass filter must be simple and easy to be 

made. The filter contains a cavity suspended behind it. Frequency response shows 

that the filter resonates at 1.42 GHz and 2.84 GHz. The second part in project aims at 

designing a microstrip power divider that has dual-mode characteristic. The power 

divider resonates at the frequencies of 2.10 and 6.20 GHz. Similar to the bandpass 

filter, there is a cavity suspended behind the power divider in order to design a dual-

mode microstrip power divider. 
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The motivation of the project is to design a dual-mode microstrip bandpass 

filter that has good performances, which can be justified from the insertion loss, 

matching, and selectivity. A filter with low insertion low, good matching, and high 

selectivity is usually considered as good filter. It is hoped that the results generated 

from this project to be publishable the international journals. A lot of microstrip 

bandpass filters have been published in various IEEE journals. However, some of the 

filters are very complicated, bulky, and hard to build. This motivates the author to 

design a high-performing microstrip bandpass filter that is smaller in size and 

simpler to design.  

 

Another motivation is to explore different resonator for dual-mode function. 

In fact, dual-mode resonator is attractive because each of the two modes can be used 

for a different application. As a result, the circuit size can be reduced by half.  
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CHAPTER 2 

 

 

 

2 LITERATURE REVIEW 

 

 

 

2.1 About Microstrip Filter 

 

With the rapid growth of commercial microwave technology, various microwave 

communication systems have been developed. Hence, microstrip filter plays an 

important role in many Radio Frequency (RF) or microwave applications. Emerging 

applications such as wireless communications continue to challenge RF or 

microwave filters with even more stringent requirements such as high performance, 

light weight, and lower cost. Microstrip filter is more suitable to perform in a high 

frequency environment. Its function is the same with other filters which is to select 

the desired frequency ranges.  

 

The invention of Computer-Aid-Design (CAD) caused microstrip filter 

development increases rapidly in the 1980s. The CAD program was invented in the 

beginning of 1980s and therefore reduced the needs of draftsmen significantly. It 

brings big benefits to filter‘s design companies especially the small-sized ones. Its 

affordability and ability to run on personal computers allow engineers to do their 

own drafting work, eliminating the need for entire department. The designers can 

simulate the microstrip filter before fabricating it. Only the optimized microstrip 

filter will be fabricated and it increases its performance. In addition, the cost and 

fund spent will be decreased because the optimized filter will perform better, it 

decreases the failure in fabrication stage.  
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The configuration of microstrip filter is shown in Figure 2.1. It is built using 

three main materials, which are microstrip line, substrate, and ground. These three 

materials must co-exist in every microstrip filter, otherwise, it is unable to work and 

function. Many types of microstrip filter designs are available in the market. For 

examples, rectangular patch filter, circular patch filter, circular ring filter, and many 

others. Each microstrip filter design has its own characteristics and advantages. 

Different microstrip filters can be selected according to the designers‘ requirements.  

Air

Ground

Substrate Microstrip

 

Figure 2.1: Configuration of the microstrip filter 

 

 

 

2.1.1   Microstrip Lines 

 

Microstrip line is a transmission line which is compatible with circuit construction 

techniques in order to provide guided waves over limited distances. It is a planar 

transmission line that is made on a ground plane. It employs a flat strip conductor 

suspended above a ground plane by a low-loss dielectric material.  In other words, 

the microstrip transmission line is a ―high grade‖ printed circuit construction. It 

consists of a track of copper or other conductor as insulating substrate. Therefore, the 

microstrip line can be said as a variant of a two-wire transmission line.  

 

Microstrip line was developed by ITT laboratories as a competitor to stripline. 

According to Pozar, early microstrip was used as fat substrates, which allowed non-

TEM waves to propagate and it led to unpredictable results. In the 1960s, the thin 

version of microstrip became very popular.  
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Figure 2.2 shows the microtrip cross section which is built on three layers of 

dielectrics (microstip, substrate, and ground). It consists of a conductive microstrip 

with a width and a thickness of wider ground plane, separated by dielectric layer of 

thickness as shown below. In Figure 2.2, W stands for width, T for thickness and H 

for height. εR is the relative permittivity of the substrate. 

Air

Ground

Substrate Microstrip

Ground

Substrate Microstrip
T

H

W
 

Figure 2.2: Microstrip line cross section 

 

Besides microstrip line, stripline and coplanar waveguide can also be used to 

convey microwave-frequency signals. However, they are not used in this project  due 

to some disadvantages that plague them in which could not be ignored in this project. 

Firstly, it is harder and more expensive to be fabricated compared with microstrip. 

Either lumped-element and active components have to be buried between the 

groundplanes, or, transitions to microstrip must be employed to get the components 

onto the top of the board. Secondly, the stripline widths are narrower for a given 

impedance and board thickness than for microstrip. So forty mils thick stripline is 

needed to replace ten mil thick microstrip.  

 

On the other hand, the coplanar waveguide also has its own disadvantage. In 

reality, the coplanar waveguide is potentially lousy and heat dissipative. It means that 

surface of the coplanar waveguide could get very hot when it operates. Moreover, 

there is a general lack of understanding of how to employ coplanar waveguide within 

the microwave design community. In fact, a lot of CAD programs do not support 

such structure. This may be the main reason on why coplanar waveguide is not 

popular. 

 

Furthermore, the microstrip also has some advantages. In fact, the major 

advantage of microstrip over stripline is that all active components can be mounted 

on top of the board. Hence, it is a convenient form of transmission line structure for 
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probe measurement of voltage, current, and waves. Moreover, microstrip is much 

cheaper than coplanar waveguide and it‘s lighter and more compact. However, it 

reported some disadvantages, particularly where the existence of two different 

dielectric constants (below and above the strip) makes the circuit difficult to be 

analyzed in closed form. Moreover, another disadvantage of microstip will appear 

when high isolation is required such as in a filter or a switch because microstrip 

circuit can radiate, thus, causing unintended circuit response. Not only that, the 

microstrip has generally lower power capacity with higher loses.  

 

The microstrip transmission line is still chosen in this project because its 

advantages are more obvious in filter designs. The design procedure will be easier 

since all of the active components are mounted on the top of the board. Moreover, 

the aforementioned cross-talk and unintentional radiation is not an issue in this 

project. A good number of professionals agree with this with their proven results 

published in many refereed journals.  

 

 

 

2.1.1.1 Substrate 

 

In the project, Rogers Duroid 6006 with permittivity of 6.15 is used as the substrate. 

It is a double-sided material with dimension of 25.4cm x 25.4cm. The following are 

the features of the Rogers Duroid 6006: 

 High dielectric constant (6.15) for circuit size reduction. 

 Low loss. Ideal for operating at X-band or below. Suit for high frequency 

application. 

 Excellent electrical and mechanical properties. 

 Low moisture absorption. It can reduce the effects of moisture on electrical 

loss. 

 Tight permittivity and thickness control for repeatable circuit performance. 

 Ease for fabrication and stability in use.   

 Tight tolerance control. 

 

However, there are some drawbacks for Rogers Duroid 6006. Although its 

properties and features are very suitable for filter designs, some of the filter designers 
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prefer to use FR-4 as substrate because Rogers Duroid 6006 is a type of substrates 

that might not common in Malaysia and has to be purchased online. It costs more 

time and cost for the delivery service. Next is the price problem where Rogers 

Duroid 6006 is considered to be expensive compared with the FR-4 substrate. So 

these are the reason on why designers do not choose the Rogers Duroid 6006 as 

substrate although they know that it will perform better. Price, good performance and 

easy to get in market are the advantages of FR-4 over Rogers Duroid 6006.  

 

However, the present study selected still the Rogers Duroid 6006 as substrate 

because its features are very useful in the author‘s filters. The filter has a cavity 

attached behind and it brings instability problem in measuring the experiment result. 

Rogers Duroid 6006 helps to control the quality and reduce the error that might 

happen. Without using it, the measured result could be harder to be obtained since it 

is unstable. Hence, the properties of Rogers Duroid 6006 are very important in this 

case.  

 

Not only that, the etching process in fabrication stage might affect the 

measured result since it is impossible for author to fabricate it perfectly. Any 

imperfection will deeply affect the measured result. So the stability of the substrate is 

very important. Any changes of the permittivity of substrate will definitely affect the 

result and this is the main reason why Rogers Duroid 6006 is chosen as substrate, 

although we need to spend more. The details will be discussed later.  

 

 

 

2.1.1.2  Effective Dielectric Constant 

 

On one side of the microstrip line is the substrate and air on the top. The dielectric 

constant of the substrate (ε0=6.15) will be different than that of the air (ε0=1) and it 

leads the existence of effective dielectric constant. The electromagnetic wave carried 

by a microstrip line exists partly in the dielectric substrate and partly in the air above. 

So, the wave is considered to be travelling in an inhomogeneity medium.  This 

behaviour is commonly described by starting the effective dielectric constant of the 
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microstrip line. So the effective dielectric constant is just like an equivalent dielectric 

constant of an equivalent homogeneous medium. 

 

Normally, the effective dielectric constant will be around 50%-85% of the 

substrate dielectric constant; it depends on the geometry of the microstrip. The phase 

velocity of the electromagnetic wave on the microstrip line is also affected by it.  

 

The maximum value of the effective dielectric constant is affected by the 

width of microstrip line. In fact, wider transmission line will get higher value of 

effective dielectric constant because nearly all of the electric field lines will be 

concentrated between the metal planes in a wide microstrip line. Lesser effective 

dielectric constant will be obtained in the narrower transmission line.  

 

For wide transmission line,  

Maximum εeff= εr 

 

For narrow transmission line, 

Minimum εeff= 0.5 (εr +1) 

 

Hence there is a range value of effective dielectric constant where 

0.5 (εr +1)≤ εeff ≤ εr 

 

However, there is a general formula to calculate the effective dielectric 

constant, 

 

When ( ) < 1 

εe =  +  [{1+12 ( )}
-0.5

 + 0.04 {1- (  )}
2
] 

 

When ( ) ≥ 1 

εe =  +  [1+12 ( )]
-0.5 
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The  stated in equation above is the ratio of the width to the height of the 

microstrip line.  

 

The effective dielectric constant problem will not arise in the CAD program‘s 

simulations because HFSS simulation software already considered this factor in the 

simulation. It means that HFSS will automatically convert the substrate dielectric 

constant into effective dielectric constant during the simulation process in order to 

obtain optimal practical result. So, simulated results obtained already included the 

factor of effective dielectric constant.  

 

 

 

2.1.1.3  Characteristic Impedance  

 

Characteristic impedance is the ratio of the amplitudes of a single pair of voltage and 

current waves propagating along the microstrip line in the absence of reflections. It 

acts like a resistance where power generated by a source on one end of an infinitely 

long lossless transmission line is transmitted through the line but it is not dissipated 

in the line itself. The general expression for the characteristic impedance is as shown 

below: 

Z0 =  

where  R is the resistance per unit length, 

L is the inductance per unit length, 

G is the conductance of the dielectric per unit length, 

C is the capacitance per unit length, 

j is the imaginary unit 

ω is the angular frequency 

 

In the microstrip transmission line, the characteristic impedance, Z0 is also a 

function of height (H) and width (W) of the transmission line. It has different 

solutions depending on the value of W/H. The characteristic impedance of microstrip 

transmission line can be calculated using: 
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When ( ) < 1 

Z0 = ln (8  + 0.25 ) (ohm) 

 

When ( ) ≥ 1 

Z0 =  (ohm) 

 

The value of Z0 can be calculated using the formula above. In other words, 

the value of Z0 can be controlled by changing the value of W, H and εeff. In fact, the 

value of Z0 is very important because it will affect the reflection loss, S11.  

 

 

 The reflection loss, S11 is the loss of signal power resulting from the 

reflection caused at a discontinuity in a transmission line. This discontinuity can be a 

mismatch with the terminating load or with a device inserted in the line. Ideally, S11 

should be as low as possible since it is not good in the transmission line. Given that 

Zin value is fixed, so only Z0 value can be modified to control S11 value. In order to 

minimize the S11 into zero and become a matched two port, the Z0 should be set as 

same value as Zin. In this experiment stage, the input impedance will be the Vector 

Network Analyzer (VNA) connector input impedance. Most of the input ports are 

designed at 50ohm. In order to prevent any reflections, the Z0 of microstrip lines 

should be designed as 50ohm accurately.  

 

The Z0 can be controlled by modifying the W, H and εeff.  However, the value 

of H and εeff are already fixed for the substrate and thus cannot be changed. So, the 

author can only change the value of width, W. In fact, using different value of W/H 

will obtain different value of Z0, as shown in Figure 2.3 and Figure 2.4.  
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Figure 2.3: Effect of W/H on Z0 in case W/H ≤ 1 

 

 

Figure 2.4: Effect of W/H on Z0 in case W/H ≥ 1 

 

 

However, the formula above is very complicated. The author needs to 

substitute different value of W in order to obtain the Z0 value as 50ohm. Software TX 

Line 2003 solved this problem. It is an useful software. The author just needs to key 

in the value of width of transmission line, height of substrate, microstrip line 

thickness and dielectric constant of the substrate (TX Line 2003 will automatically 
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calculate and use the effective dielectric constant). The software then will calculate 

the value of Z0. This allows the author to modify the value of microstrip line width 

easily in order to get the Z0 as 50ohm.  

 

 

 

2.1.1.4  Wavelength/ Wave Velocity 

 

Generally, the phase velocity of electromagnetic waves on the microstrip line is 

determined by the effectiveness of  dielectric constant.  

 

The velocity of waves is at 3x10
8
ms

-1
 in an air spaced microstrip line. The 

wavelength can be calculated after knowing the value of frequency by formula: 

 

Wavelength=  

 

Hence, the wavelength on the nominally air spaced microstrip line will be 

3cm if it is transmitting in 10GHz of frequency. 

 

However, this formula cannot be applied in calculating the wavelength on the 

microstrip line because the microstrip is not immersed in a single dielectric. On one 

side there is a board dielectric and air on the top. So the effective dielectric constant 

value is needed to calculate the wavelength by the following formula: 

 

Wavelength =  

 

So in the above example, the wavelength will be   =1.13cm, if the 

effectiveness of dielectric constant is 7.  

 

Again, the HFSS simulation software considers the effect of effectiveness of 

dielectric constant when calculating the wavelength. It is one of the powerful features 
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of HFSS simulation software whereas more accurate simulated results will be 

obtained.  

 

 

 

2.2 Dual-mode Microstrip Filter 

 

The first planar dual-mode filter was proposed in the early 1970‘s by Wolff and it 

has recently gained attention in the design of low cost and high-quality filters for a 

new generation of satellite and wireless communication systems. An essential 

breakthrough to a low-mass filter design was achieved by the development of the 

dual mode technique. The introduction of this technique has led to a mass and size 

reduction by 50% compared to previous used single-mode filters.  

 

The dual-mode concept is stemmed from a physical coupling of two 

degenerate resonant modes in a geometrically symmetrical resonator such as patch 

resonator. The coupling of the two modes is achieved by introducing a perturbation 

element behind the plane of resonator. Thus far, research effort has been invested 

into experimental and theoretical studies of planar dual mode filters with a cavity-

back suspended. These resonators are known to have advantageous features such as 

size compactness, low radiation loss, and easy-to-design layout because 

transmission-line theory and design-tools can easily be exploited. 

 

 

 

2.3 Cavity resonator  

 

Various patterns of cavity resonators can be found in internet. Prior to the design 

process of microstrip filter, the author downloaded some related journal from IEEE 

Xplore and conducted some literature studies about the cavity resonators. The 

microstrip filters‘ performance depends` on the cavity resonators. Collecting relevant 

information is crucial before designing the microstrip filter; design the microstrip 

filter blindly will not gain any knowledge from it.  
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In fact, cavity is a three-dimensional resonator in which standing wave forms 

in a given space surrounded by an enclosed boundary. Maxima and minima in 

electric fields can be spatially found inside a resonating cavity. The resonances can 

be used for designing various RF components such as filters, power dividers, and 

baluns.  

 

 

 

2.3.1 Elliptic Cavity Filter 

 

Earlier designs of single-mode filters were based on coupling schemes in which all of 

the direct couplings are present. In dual mode designs, this implies on the 

perturbation of the cavities in order to couple the degenerate modes of the same 

cavity. More recent solutions show that dual-mode filters based on cross-coupling 

schemes without intra-cavity couplings are possible.  

 

The author reviewed Smain Amari and Uwe Rosenberg‘s paper, entitled 

―Modular Design of Dual-Mode Filters Using Elliptic Cavities‖. This paper presents 

a new design of dual-mode filter by using elliptic cavities in waveguide technology.  

 

The journal states that, a similar idea (elliptic cavities) had been proposed by 

other professionals. However, some drawbacks were found in those published papers, 

among them are: 

 

(a) The designs are based on standard coupling schemes which lack the 

flexibility of a truly modular design. 

(b) Transmission zeros are not generated and controlled individually by 

dedicated cavities. 

(c) The stopbands of filters shows significant sensitivity to manufacturing 

errors when a larger number of transmission zeros are required by the 

specifications. 

 

The authors of this paper mentioned that non-resonating nodes (NRN) used in 

the designs are able to solve all of the problems. Figure 2.5 shows the layout of a 

second-order dual mode filter in an elliptic cavity resonator. A Chebychev filter 
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results when the output is rotated by 90
o

 with respect to the input which is at 45
o
 

from the major axis.  

 

Figure 2.5: Layout of a second-order mode filter in an elliptic cavity resonator. 

 

The major and minor axes of the cross section are ‗a‘ and ‗b‘. In the limit 

where a=b, the elliptic waveguide can support two TE modes which reduce to the 

degenerate TE11 modes of a circular waveguide. These are donated by TEc11 and 

TEs11 respectively. When ‗a‘ is not equal with ‗b‘, the two modes will have different 

cut-off frequencies and TEc111, TEs111 will be different.  

 

Figure 2.6 is the coupling mechanism for dual-mode filters in elliptic cavity 

resonators. The angle θ is used to control the relative coupling to the two modes of 

the elliptic resonator.  

 

Figure 2.6: Coupling mechanism for dual-mode filters in elliptic cavity resonators. 
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So, the relative strengths of the coupling coefficients to the TEc111 and TEs111 

can be controlled by adjusting the angle θ value. For example, if θ =0
o
, only the 

TEc111 resonance is excited. On the other hand, when θ=90
o
, only the TEs111 is 

excited. 

 

Authors have simulated some result by modifying the angle, θ. When the 

coupling aperture at the input and output are rotated by +45
o 

and -45
o
, Figure 2.7 is 

obtained whereas two transmission zeros have been moved away from the band. 

 

Figure 2.7: Response of a second-order Chebychev filter in a dual-mode elliptic 

cavity 

 

After that, Figure 2.8 is obtained after adjusting the angle, θ=36
o 
at the input 

and -36
o
 at the output where the transmission zero below the passband. 

 

Figure 2.8: Response of a second-order filter with one transmission zero below the 

passband 
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Figure 2.9 is obtained in case of the angle at the input are 52
o
 and -52

o
. The 

transmission zero above the passband. 

 

Figure 2.9: Response of a second-order filter with one transmission zero above the 

passband 

 

In conclusion, this paper presents a new design of filters using dual-mode 

elliptic cavity resonators. Both filters with Chebychev characteristic and responses 

with transmission zeros at finite frequencies can be designed by adjusting the 

coupling elements between the cavities and the input and output. 

 

 

 

2.3.2 Square Cavity Filter 

 

The author reviews Da-PengWang, Wen-Quan Che and Peter Russer paper, entitled 

―Tunable Substrate-Integrated Waveguide (SIW) Dual-Mode Square Cavty Filter 

with Metal Cylinders‖. This paper presents a narrow-band substrate-integrated 

waveguide (SIW) dual-mode square cavity bandpass filter.  

 

In the beginning, authors of this paper discusses about the background of the 

dual-mode filter. They mentioned that dual-mode filter can be made from the cavity 

filter, patch filter and microstrip filter. They also listed down all of the advantages 

and disadvantages of the patch filter, microstrip filter and cavity filter.    
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The authors reported the dimension used in the design with the SIW width, a 

=18mm, cylinder spacing, W=1.2mm and cylinder radius, R=0.4mm. Figure 2.10 

shows the square SIW resonance cavity. 

 

Figure 2.10: Square-SIW resonance cavity 

 

The authors emphasized that there are two modes in the square SIW cavity; 

these two modes will resonance at the same frequencies by introducing perturbation 

metalized cylinders. After placing E and H wall at the symmetry plane of the cavity, 

the E-field distribution of odd mode and even mode appear as shown in figures 

below. From Figure 2.11 and Figure 2.12, it can be seen that odd mode in the 

perturbation cylinders are just located at the region where the E filed are weak. 

Meanwhile, the perturbation cylinders are positioned at the region with strong H field 

at the even mode. Hence the even mode is much stronger than odd mode and it 

produces the different resonant frequencies. The passband exists due to the different 

resonant frequencies. 
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Figure 2.11: Electric-field distribution of odd mode (E wall) 

 

 

Figure 2.12: Electric-field distribution of even mode (H wall) 

 

Figure 2.13 is the schematic geometry of square SIW cavity dual-mode filter. 

In this schematic, the chosen distance (dm) between the tuning post and the 

microstrip line is a/4 (4.5mm). The authors addressed that resonant frequencies of 

two modes have much dependence on the parameters g and d. Figure 2.14 shows the 

dependence of the resonance frequency of the even and odd modes on the position of 

the posts.  
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Figure 2.13: Schematic geometry of square SIW cavity dual-mode filter 

 

 

Figure 2.14: Two modes resonant frequencies versus d (with microstrip Feeding 

ports) 
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The authors conducted the simulation using different value of distance 

between the two tuning post. Figure 2.15 shows the affection of the distance of the 

two tuning post, d on the out-of-band rejection. 

 

Figure 2.15: Influence of cylinder position in transmission zero and poles 

 

Finally, the authors reported all of the parameters used in design, where the 

dual-mode filter is fabricated on 0.8mm thick substrate with dielectric constant, εr of 

2.2. The dimensions of the cavity are listed as follows: a=18mm, W=1.2mm, 

R=0.4mm, d= 7.38mm, rd=0.3mm, ml-6.1mm, mw=2.5mm, g=5mm, dm=4.5mm. 

Figure 2.16 is the measured results as well as the simulated results, good agreement 

between them can be observed. The authors also mentioned that there is only minor 

difference between the simulated and experiment results.  
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Figure 2.16: Comparison between simulated and measured result 

 

 

 

2.3.3 Ridge Cavity Filter 

  

The author reviewed Smain Amari and Fabien Seyfert‘s paper, entitled ―Design of 

Dual-Mode Ridge Cavity Filters‖. In this paper, a narrow-band substrate-integrated 

waveguide (SIW) dual-mode square cavity bandpass filter is proposed. They 

presented variety of dual-mode ridge cavity filters in the paper. 

 

The authors highlighted that they have been various types of dual mode filter 

designs proposed in the market. The filter designs are mainly based on the theory of 

Atia and Williams. They are built based on an equivalent circuit which consists of a 

set of cross-coupled resonators. 

 

The authors stated that coupling schemes used in these filter designs are 

based on resonances that do not satisfy the boundary conditions inside the dual-mode 

cavities. This problem is ignored by many for long time. So the coupling elements 

are introduced in order to solve this problem by altering the original boundary 
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condition. The coupling elements do not maintain the original symmetry with respect 

to the horizontal and vertical axes, inside the dual-mode cavity. 

 

The authors decided to build a dual-mode filter using a square ridge with a 

chamfer in a square cavity. Figure 2.17 shows the symmetry of the resonances that 

exist in the perturbed cavity.  

 

Figure 2.17: Top view of dual-mode ridge square cavity 

 

In the design, the chamfer is used to ―couple‖ two resonances. With the 

chamfer in place, the resonances that satisfy the boundary conditions have either an 

electric or a magnetic wall along one of the diagonals. It is impossible for modes 

with a magnetic or an electric wall along the vertical or horizontal axes to exist in 

this structure.  

 

The cavity showed in Figure 2.17 can be used to design higher order of dual-

mode filters. For example, the forth order pseudo-elliptic filter which is showed in 

Figure 2.18. 

 

 

Figure 2.18: Forth order dual-mode ridge cavity filter 
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In fact, the authors mentioned that coupling schema in the form of a 

quadruplet will be different from the present of chamfer. This can be proven in two 

figures below. Figure 2.19 is the coupling scheme of forth order filter when the 

vertically and horizontally polarized resonances of the unperturbed ridge cavity are 

used as basic. 

 

Figure 2.19: Coupling scheme of forth order  

 

If the resonances that satisfy the boundary conditions inside the cavity are 

used with the chamfer in place, the coupling scheme as shown in Figure 2.20 will be 

obtained.  

 

Figure 2.20: Coupling scheme of forth order dual-mode ridge cavity filter when the 

resonances of the chamfered ridge are used as basic 
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  Authors listed down other possible configurations using the same concept too 

as shown by the following configurations.  

 

 

Figure 2.21: Possible ridge configurations for dual-mode filters 

 

Figure 2.21a uses an almost-square ridge whose sides are at -45
o
 or 45

o
.  The 

fields in this design are rotated to the proper direction by physically rotating the ridge 

itself. Meanwhile, Figure 2.21b uses two almost identical arms in the form of a cross 

hat is also rotated by 45
o
.  In Figure 2.21c, the perturbation which preserves the 

symmetry along the diagonals of the cavity is used to force the rotation of the fields. 

 

The authors ensure that all of the structure designed will not be symmetric 

with respect to the horizontal and vertical axes. 

 

The authors chose to extend the investigation of structure in Figure 2.21a for 

the three new configurations as showed in figures above. Using it, the forth order 

dual-mode ridge cavity filter with rotated almost-square ridges is build.  

 

Figure 2.22: Top-view of the layout of the filter. 

a b c 
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The filter is optimized by exploiting an efficient rational function 

approximation technique. Figure 2.23 shows the result of the optimization by 

simulated using software package CST.  

 

Figure 2.23: Firth order pseudo-elliptic filter 



 

 

 

CHAPTER 3 

 

 

 

3 DUAL-MODE MICROSTRIP BANDPASS FILTER 

 

 

 

3.1 Background 

 

The fundamental design of the dual-mode microstrip bandpass filter is based on a 

paper entitled ―Wideband Dual Mode Bandpass Filters with Wide Suppress 

Harmonics Using Notch Rectangular Slot and Interdigital Coupled Line” published 

by Surin Ahonnom and Prayoot Akkaraekthalin. In this paper, a wideband dual-mode 

bandpass filter was built using a square ring resonator structure. The filter was 

designed to achieve high harmonic suppression. A perturbation was implemented by 

a rectangular notch. There, an interdigital coupled line with open stubs is presented. 

The advantages of the presented bandpass filter include compact size, low insertion 

loss, sharp rejection, wide stopband, high quality factor, and low cost.  

 

The proposed microstrip bandpass filter is shown in Figure 3.1. It is designed 

at a fundamental resonant frequency of 5GHz and fabricated on the GML 1000 

substrate with a thickness of h = 0.762mm and a relative dielectric constant of εr = 

3.2. Other parameters are If = 9.4mm, Ir = 37.54mm, w1 = 1.8mm, a = 12.085mm, It 

=9.385mm, and w2 = 1.82626mm. Figure 3.2 tabulates the photograph of the 

proposed filter. The measured results show that the proposed filter is able to work 

and function properly. Figure 3.3 shows the comparison between the simulated and 

experimental result. The measured result verified the theoretical result to the 

simulated one. 
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Figure 3.1: Configuration of proposed filter 

 

 

 

Figure 3.2: Photograph of the proposed filter 
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Figure 3.3: Comparison between simulated and measured result 

 

 

 

3.2 Research Methodology 

 

The reviewed journals are useful for the author to design his filter. The information 

applied in the reviewed journals can be referred. There are three main stages: 

simulation stage, fabrication stage, and experimental stage. Different problems arose 

at different stages. Plenty of time was being spent to solve the problems in order to 

obtain precise and accurate results. The details are discussed in this chapter. 

 

 

 

3.2.1 Simulation Stage 

 

HFSS (High Frequency Structure Simulator) and CST Microwave 2009 softwares 

could be used at this stage. The CST Microwave 2009 is a specialized tool for 3D 

EM simulations. It enables fast and accurate analysis of high-frequency devices such 

as antennas, filters, and couplers. It can be used to study the EMI and EMC effects of 

the planar and multi-layer structures. On the other hand, HFSS is an industry-
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standard for 3D full-wave electromagnetic field simulations. It is essential for design 

of high-frequency and high-speed components. Users only need to specify the 

geometry and the material properties in order to get the desired outputs. HFSS will 

automatically generate an appropriate, efficient, and accurate mesh in solving the 

problem using the proven finite element method. 

 

HFSS is used in this project. It has a higher simulation speed. In fact, CST 

Microwave 2009 will consume nearly half of a day to simulate a simple filter design. 

Meanwhile, HFSS needs only few hours to complete a simulation task for a 

complicated filter design. As both of the softwares are able to produce satisfied 

results, HFSS is selected due to its shorter simulation time required. Moreover, the 

simulated result of HFSS is better and more accurate. It improves the quality of 

proposed filter effectively. 

 

HFSS is new to the author. Several tutorials and practical examples have been 

studied in order to get himself familiarize with this software. The tutorials entitled 

―Ansoft HFSS Training Example: Aperture-Coupled Patch Antenna‖ and ―Ansoft 

HFSS Software Demostration Example: Microstrip Transmission Line‖. The author 

needs to follow the instructions and steps listed in order to plot the simulated result. 

It aims to let the user to get familiarize with the control tools in HFSS. Not only that, 

a published paper entitled ―Dielectric Resonator Antenna in a Polarization Filtering 

Cavity for Dual Function Application‖ was reviewed. This paper is proposed by 

Laila, Darko Kaifez and Ahmed A.Kishk. The author plotted the simulated result by 

using the provided parameter. Some divergences between HFSS and paper simulated 

results are acceptable because the use of different simulation software might cause 

results variations.  

 

The author then performed the simulation on his own proposed filter. The 

prototype of the proposed filter was given by the supervisor. However, it is an 

immature design and the simulated result is not satisfied. Hence, optimizing the 

simulated result shall be continued. The result with wider passband and lower power 

loss is preferred. In reality, the simulation time will be longer when the proposed 

filter is more complicated. Hence, more time will need to be spent. Eventually, a 

final version of microstrip bandpass filter configurations has been proposed as in 
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Figure 3.4. The substrate has a dielectric constant of r = 6.15. Dimensions of the 

filter: l1 =50 mm, l2 =20.95 mm, s1 =36 mm, s2 =30 mm, W1 =0.93 mm, W2 =5.535 

mm, W3 =4 mm, W4 =1.5 mm, W5 =0.5 mm, g1 =0.1 mm, d1 =5.1 mm, h1 =0.635 mm, 

h2 =4 mm. 

l1

g1

l2

l1

s1

s2

w4

w3

w2

Top View

d1

h1

Air Slot

w5

w1

h2

Ground

Substrate Microstrip

PEC

Front View  

 

Figure 3.4: Proposed filter configuration 
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 In order to verify HFSS simulated result, AWR Design Environment is used 

at the simulation stage. In fact, AWR Design Environment is a software that 

comprises two powerful tools that can be used together to create an integrated system 

and radio frequency design environment: Visual System Simulator (VSS) and 

Microwave Office (MWO). These powerful tools are fully integrated in the AWR 

Design Environment and allow user to incorporate circuit designs into system 

designs without leaving the AWR Design Environment. MWO enables user to design 

circuits composed of schematics and electromagnetic structures from an extensive 

electrical model database, and then generate layout representations of these designs. 

User can tune or optimize the designs. Meanwhile, VSS enables user to design and 

analyze end-to-end communication systems. User can design systems composed of 

modulated signals, encoding schemes, channel blocks and system level performance 

measurement. Based on the analysis requirements, user can display BER curves, 

ACPR measurements, constellations, and power spectrums. VSS also provides a real-

time tuner that allows user to tune the designs and capture the changes immediately 

in the data display. 

 

Two different types of simulation software (HFSS and AWR) are used in 

order to ensure that the simulated result is sufficiently accurate. Both of them use 

different methods to acquire the simulated result. In fact, the author needs to draw 

the configuration of proposed filter using the HFSS software. Then, HFSS will 

process and therefore the simulated result is obtained. Meanwhile, AWR requests 

author to transform the proposed filter into an equivalent circuit. It means that the 

substrate, microstrip line and cavity will be replaced by capacitor and transmission 

line. After that AWR will perform a circuit analysis and get the simulated result.  
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Figure 3.5: Equivalent circuit transformed from the microstrip bandpass filter 

 

 

 

3.2.2 Fabrication Stage 

 

In this stage, the author fabricated the proposed microstrip bandpass filter. 

Permission is needed to be obtained from my supervisor in order to proceed into this 

stage because the materials used to fabricate the filter are very expensive. A 5cm x 

5cm of substrate costs around RM100. It is important that the author optimized the 

simulated result prior to this stage. A small defect in the proposed filter would lead to 

failure in fabrication and wastage of material. The supervisor would not allow the 

author to start this stage if the simulation stage is not well prepared. The substrate 

used is Rogers Duroid 6006 where it costs around RM2000 with just 30cm x 30cm 

dimension. The dielectric constant of the substrate is 6.15. It is a double sided, photo 

print and UV negative photoresist material. It is of interest to mention that Rogers 

Duroid 6006 is a UV negative photoresist material. The details will be discussed later 

in this study. 
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 In fact, photoresist is a radiation and an ultraviolet (UV) light-sensitive 

material. For the case of negative photoresist material, the exposed region will 

become hardened while the unexposed region is removed in the development process. 

The net result is that the pattern formed is the reverse of the mask. In fact, mask is 

the pattern the wafer using a UV light source.  

 

Figure 3.6: Exposure response curve and cross section of the negative resist image 

after development 

 

Figure 3.7 shows the different IC pattern built using positive and negative 

photoresist material. It shows the effect of photoresist materials on the fabricated 

output result (IC pattern). In fabrication stage, the author did the similar job with the 

figure below, but the output is the microstrip filter but not IC.  
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Figure 3.7: Steps to transfer IC patterns from a mask to silicon wafer 

 

 

Firstly, the author prepared a mask in which needed in fabrication. Tracing 

paper is used as mask in this project. Filter configuration is printed on the tracing 

paper using a printer provided in the laboratory. But, the HFSS software does not 

support printing function, as a result, other printing software is used to draw the filter 

configuration so that it can be printed on the tracing paper. Exact size of the filter 

configuration is needs to be printed on the tracing paper becasue the measured result 

will be affected even by a 0.1mm mismatch. So an appropriate software have to be 

used in order to make sure an accurate configuration can be drawn with high 

resolution. EAGLE (Easily Applicable Graphical Layout Editor) CadSoft is selected. 

It is a powerful tool for designing printed circuit boards (PCBs). The resolution of 

EAGLE CadSoft is up to 1/10000mm (0.1micro), so it is sufficient for the author to 

draw the configuration accurately. Moreover, the filter designed has a cavity attached 

behind the substrate. It means that the surface under substrate is not totally grounded. 
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Its shape is also needed to be drawn and printed on the tracing paper. Two tracing 

papers were prepared.  

 

Figure 3.8: Example tracing paper 

 

Secondly is about the pattern transfer. Pattern transfer means that transfering 

the configuration printed which on the tracing paper to substrate. This process should 

be performed in a clean room. Only yellow light is allowed to be switched on 

because photoresists are not sensitive to wavelength of which greater than 0.5µm. In 

this process, the substrate is aligned with respect to the tracing paper and exposed to 

the UV light. 

 

 Etching process is the next followed by the pattern transfer. It is an important 

process in fabrication. This process will chemically remove unwanted area from the 

surface of a substrate. Etching is a critically important process module, and every 

substrate undergoes etching step before it is complete fabricated. There are two types 

of etching, which are wet etching and dry etching. However, there is only wet 

etching which is available in the university. For wet etching, the substrate is 

dissolved when immersed in a chemical solution. This process requires a container 

with a liquid solution that will dissolve the material. The unwanted area will be 

etched after immersed in this chemical solution. The fabrication stage is considered 

to be done after completing the etching process. 

 

The quality of the board fabricated is very important. As mentioned, even a 

mismatch of 0.1mm will caused the measured result at variance. Moreover, the gap 

Front Side Bottom Side 
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in the filter designed could disappear if this step is not carefully and properly done. It 

would cause the two isolated microstrip lines to be connected and therefore the 

fabrication is considered to be failed. In order to avoid the loss financially, the board 

fabricated is suggested to be reused and recycled. The author can use a penknife to 

cut a gap on the board, if it is not well fabricated and the gap disappears. It is a step 

that needed to be highly cautioned because even a small mis-scratch will lead to very 

different results.   

 

 

 

3.2.3 Experiment Stage 

 

Experiment stage is the last stage. This stage is to measure the frequency response of 

the fabricated filter. In this stage, the author needs to install two ports on the board, 

which are input and output ports. The ports installed connects between the machine 

and the board. The machine which used to measure experiment result is Rohde & 

Schwarz ZVB8 Vector Network Analyzer (VNA).  The VNA is able to detect the 

frequency range of any device from 300 kHz to 8 GHz. In the simulation stage, the 

author knew that frequency range is between 1GHz and 4GHz. Hence, the VNA is 

appropriate to be used to measure the result.  

 

 

Figure 3.9: Connector 
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  The VNA cannot be used to detect the experiment result immediately after 

turning on it. In fact, the author needs to complete a calibration process before 

measuring the result.  Without calibrating the VNA, the result measured might not be 

accurate. The used of different connector/cable will lead to different phase of signal. 

Even by removing and installing again the same cable would change the phase of 

signal. The signal loss might also happen when the cable is changed. The VNA will 

only be able to self-adjust on the S-parameters after the calibration process. In other 

words, the main purpose of the calibration process is to eliminate the effect of cable 

on the measurement. In fact, there are five different ports in the tool kit, which are 

three single-ports (Open, Short, Match) and one double-port (Thru). In the 

calibration process, the author needs to connect two ports of VNA with five ports of 

calibration kit independently. It ensures that the VNA to obtain the most accurate 

result. The ideal case of calibration is to get the S-parameter as low as possible when 

connecting to ―Match‖ port of tool kit. However, the environment and equipment 

variables do not allow it. Hence, the S-parameter which is below 70dB is considered 

to be satisfacted. 

 

 

Figure 3.10: Calibration kit 

 

 

The measurement can be started after the calibration process. In fact, the 

author needs to connect two cables of VNA with board ports when measuring the 

experiment result. The frequency range and sweep points have to be set as the same 

with the simulated result so that the similar measured result with the simulated result 

Thru 

Short 

Open 

Match 
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can be obtained. It is of interest to mention that errors occur in the fabrication stage if 

the measured result is not similar with the simulated result because the simulated 

result obtained from HFSS is accurate enough and a problem should not be happened 

therein. However, the author can re-simulate the same configuration for precaution 

step. If the same simulated result were to be obtained, it then confirms that error 

happens in the fabrication stage. In this stage, the error might be caused by the 

improper etching and pattern transfer process. The author might need to re-fabricate 

a board in order to obtain a measured result which is similar with the simulated result.    

 

 

Figure 3.11: Rohde & Schwarz ZVB8 Vector Network Analyzer (VNA). 

 

 

 

3.3 Proposed Filter Configurations 

 

A dual-mode microstrip bandpass filter was designed based on a cavity-back 

suspended line. A cavity is attached behind the board and it acts like a resonant. 

Hence, it can be said that substrate is not a fully ground plane because some area 

which is covered by the cavity is not grounded.  All of the description of the 

proposed filter configuration is listed in Figure 3.4.  

VNA 

Connector 

Ground 
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3.4 Results and Discussions 

 

All of the measurement result obtained in the experiment stage was performed by 

Rohde & Schwarz Vector Network Analyzer ZVB8 (VNA).  Figure 3.12 shows the 

comparison between the measured result and the simulation results. In fact there are 

two simulation results, which are simulated using the HFSS simulation software and 

AWR simulation software. Figure 3.12 tabulates the graphs of return loss or S-

parameter (S11 and S21). Although the three different methods used, the results 

obtained are similar. These three different results verify that microstrip band pass 

filter designed is working well. The measured result verified well the simulated 

results. 
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Figure 3.12: Return loss or S-parameter of designed filter 

 

 It can be seen that dual-mode microstrip bandpass filter has been designed 

successfully from Figure 3.12.. It has wide passband (1.42 GHz to 2.84 GHz), low 

power loss (insertion loss, S21 is very low) and dual-mode property. With the 
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reference to Figure 3.12, the first order resonance, second order resonance and error 

between measured and simulated result are calculated. 

 

 Measured HFSS AWR Error (HFSS / AWR) 

First Resonance 1.95GHz 1.91GHz 1.67GHz 2.05 / 14.36% 

Second Resonance 2.45GHz 2.28GHz 2.04GHz 6.94 / 16.73% 

 

 

In addition, the central frequency, fc, bandwidth and error between the 

measured and simulated result can be calculated. The results are shown in table 

below. In fact, the central frequency of a filter is the measurement of a central 

frequency between the upper and lower cutoff frequencies. Meanwhile, bandwidth is 

the difference between the upper and lower frequencies in a contiguous set of 

frequencies. Sometimes, it is referred as the passband bandwidth. The formula to 

calculate the center frequency, bandwidth and error are as belows. 

 

Center frequency =   

Bandwidth =  X 100% 

Error =  X 100% 

 

 Measured HFSS AWR 

Minimum Insertion Loss (dB) -0.755 -0.551 -0.081 

3-dB Bandwidth (%) -3.755 -3.551 -3.081 

fL (GHz) / fH (GHz) 1.42 / 2.84 1.33 / 2.95 1.18 / 2.27 

fc (GHz) 2.13 2.14 1.725 

Bandwidth (%) 66.67 75.70 63.19 

Error 0.000 0.469 19.014 
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3.5 Case Studies 

 

The parametric analysis will be presented in this section. The author simulated the 

proposed filter using a modified parameter. It aims to verify and proves that the 

values selected in the configuration are able to perform better compared with other 

values. Same frequency range is used for an easier comparison purpose. Different 

values of gap distance and cavity dimension are used in order to verify the value used 

is at the best.     

 

  

 

3.5.1 Gap Distance 

 

Firstly, the author studied the effects of the gap distance on the frequency response. 

The value of gap distance used in this project is 0.1mm. The two simulated results 

are showed by replacing the 0.1mm gap distance with 0.3mm and 0.5mm. It can be 

seen that the gap distance of 0.1mm produces better result from Figure 3.13. The two 

modes merged together after replacing the gap distance of 0.1mm with 0.5mm. It 

indicated that the lower value of gap distance is preferred because the smaller gap is 

able to create a stronger capacitive coupling between the resonators. However, the 

gap distance which is lower than 0.1mm shall not be used because other problem 

would arise in the fabrication stage. Due to facility problem, the author could not 

fabricate out a filter with a gap which is lower than 0.1mm. Hence, a 0.1mm of gap 

distance is chosen.  
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Figure 3.13: Effect of gap distance 

 

 

 

3.5.2 Slot Dimension 

 

The second issue to be discussed is the size of the cavity. In fact, there are three 

different dimensions of the cavity, which are height, width and length. Each single 

change of dimension will affect the simulated result much.  

 

 

 

3.5.2.1 Length of Cavity 

 

The length of cavity used in this project is 36mm. After changing into 26mm and 

40mm, the simulated results showed in Figure 3.14 are almost the same with the 

36mm. In fact, the S11 values obtained are almost the same, which are also lower 

than -20dB in passband. It indicated that the signal reflected is very low, there is 
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almost no reflection of signal happened in transmission. Moreover, the three 

simulated results also showed that S21 values are almost at 0dB in passband. It means 

that almost all of the input signals have been transmitted from port1 (input) to port2 

(output) successfully. By looking at S11 and S21, the author knows that by changing 

the different values of the length of cavity will not affect the result so much. Good 

bandpass filter also can be designed with different values of cavity length.  However, 

cavity length of 36mm is chosen because its S11 value is the smallest in passband. 
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Figure 3.14: Effect of cavity length 

 

 

 

3.5.2.2 Width of Cavity 

 

The cavity width selected in the present project is 30mm. The performance of the 

filter is at best by using this value and it can be seen from Figure 3.15. It is 

undeniable that the passband becomes wider when the width reduces into 24mm. 

However, there is an additional mode exists between 3GHz and 3.5GHz. The S11 is 
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unstable and variation happened during that time. Hence, this value cannot be used. 

Also, when the width of cavity is increased into 40mm, the measured result becomes 

poorer. The two modes merged together and the passband becomes narrower. Hence, 

30mm of cavity width is at used. 
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Figure 3.15: Effect of cavity width 

 

 

 

3.5.2.3 Height of Cavity 

 

The last part of the case study is about the height of cavity. It is the core idea of the 

present project. In fact, the idea of this project is to design a dual-mode microstrip 

bandpass filter with a cavity-back suspended line. Obviously, the cavity plays an 

important role in this project and it can be seen from Figure 3.16. When the author 

reduces the height of cavity into zero (another way to cancel the cavity), the 

simulated result shows that the filter designed cannot work well. Without cavity 

means that the filter designed is unable to work. So, it verifies that the core idea in 
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this project is correct. Furthermore, increasing the height of the cavity does not bring 

any benefit, but bad effect instead. The S21 value is not 0dB in passband, but around -

2.27dB. It shows that not all signal transmit from the input is received by the output. 

Signal reflection or leakage might happen during the signal transmission. The 

formula as shown below indicated that only 77% of input signal is received by output.  

20log (Pout/Pin) = -2.27dB 
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Figure 3.16: Effect of cavity height 



 

 

 

CHAPTER 4 

 

 

 

4 DUAL-MODE MICROSTRIP POWER DIVIDER 

 

 

 

4.1 Background 

 

The fundamental design of the dual-mode microstrip power divider is based on the 

Multilayer unequal Microstrip Power divider by Sheikh S.I. Mitu, SMIEEE, FIET 

and Sulaiman L. Taiwo. The paper presents a design of a C-band multilayer aperture 

coupled microstrip power divider.  

 

In the introduction part, the authors of this paper reported that Winlinson 

power divider is widely applied in the power divider designed due to its simplicity 

and high isolation between output ports. However, there is a problem if it is applied 

in a power splitter which needs high impedance of microstrip line. So, the authors 

introduced the defected ground structure in the design and it will improve the aspect 

ratio (W/H).  

 

Figure 4.1 shows the compact aperture coupled two-way microstrip power 

divider proposed. For the power divider proposed, the dimensions used are: 

La=8.25mm, Lb=10mm, Wp=4.5mm, Ws=3mm, Ls=17.7mm, Wms=3.04mm, g-

4.9mm and t=1mm. The substrate height is 1mm and the dielectric constant is 2.6. 

The simulated and experiment results reported low insertion loss, high isolation 

between the output ports and large impedance bandwidth. Moreover, the experiment 

results agreed well with the simulated result of the power divider.  
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Figure 4.1: (a) 3D, (b) top view of the power divider 

 

 

 

Figure 4.2: Simulated and experimental reflection (S11), transmission (S21 and S31) 

and isolation (S23 and S32) responses of the power divider 

 

 

 

4.2 Research Methodology 

 

There are three main stages in designing power divider: simulation stage, fabrication 

stage and experiment stage. Since most of the parts are similar to the previous 

methodology, so some repeated information will not be indicated. There is only some 

additional information will be covered in this chapter.   
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4.2.1 Simulation Stage 

 

Tutorials and practical are not needed in this stage because the same simulation tool, 

which is HFSS will be used. The author had gotten himself familiar with the 

overview of HFSS. All of the basic menus, windows, components and commands are 

well studied. So, the author can start to design his power divider without studying the 

related tutorials.  

 

The same design procedures are carried on. The supervisor presented a 

prototype idea of power divider to the author. It is an incomplete configuration of 

power divider. The simulated result is poor and cannot be used. The author needs to 

optimize and improve it step by step. Each modification on microstrip line length, 

width and cavity height, length, width might improve the simulated result. As 

compared with the simulation stage in the filter design, lesser time is used here 

because the author has already completed a similar task and has gained the relevant 

experience needed. The difference between them is just about the number of ports. 

The power divider has one input and two output ports. Hence, the author needs to be 

careful when simulating the power divider because the more ports means the more 

complicated the configuration will be. A same transmission response (S21 and S31) 

should be obtained and balance is very important. Equivalent of output signal 

strength shall be received from the two output ports. Optimization has to be carried 

on when signal strength received by two outputs are at variance.  

 

A final version of microstrip power divider configurations has been proposed 

as in Figure 4.3. The substrate shows a dielectric constant of r = 6.15 and 

dimensions of the power divider: l1 =50 mm, l2 =20.95 mm, l3 =36 mm, l4 =30 mm, l5 

=0.93 mm, l6 =5.535 mm, l7 =4 mm, l8 =1.5 mm, l9 =0.5 mm, g1 =0.1 mm, g2 =5.1 mm, 

w1 =0.635 mm, w2 =4 mm, w3 =50 mm, w4 =20.95 mm, s1 =36 mm, s2 =30 mm, h1 

=0.93 mm, h2 =5.535 mm. 
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Figure 4.3: Configuration of proposed power divider 
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4.2.2 Fabrication Stage 

 

Rogers Duroid 6006 is still the substrate that been used. As mentioned, the cost of 

substrate is very high. Permission from the supervisor is needed to proceed into this 

fabrication stage. Only power divider that is able to produce excellent simulated 

result will be fabricated. The substrate that used in this project which is Rogers 

Duroid 6006 is not available in Malaysia market. Hence, the author have to order the 

board from the Rogers Head Quarter in Connecticut, USA. 

 

 The same work with the fabrication stage in filter design is completed here. 

First is to draw the power divider configuration using EAGLE CadSoft. Next, print it 

on a tracing paper. There is a cavity attached under the board, so it is only considered 

to be partially grounded. The two tracing papers which contained upper and lower 

sides printed configuration are needed. More precaution steps shall be carried in this 

project because the complexity and difficulty in fabricating power divider are larger 

than filter. The length of the power divider is the key point. In fact, the gap length of 

power divider, l9 (0.5mm) is larger than filter, W5 (12.1mm). Although the gap 

distances of the filter and the power divider are also 0.1mm; the length of gap is 

different. As mentioned, 0.1mm gap distance is hard to be fabricated. The penknife 

can be used on filter fabrication because it has only 0.5mm of gap distance. The 

human error can be avoided but it is a different case for the power divider‘s gap. A 

12.1mm of a gap distance is very long, human error might be unavoided and it would 

destroy the fabricated board. The measured result will be affected. So the penknife 

cannot be applied here.  As a result, the author can only rely on his fabrication skill 

when fabricating the power divider board. In fact, the author spends 3 days to 

complete the filter‘s fabrication and experiment stages, but 2 weeks on the power 

divider‘s fabrication and experiment stages! This indicated that fabricate power 

divider is harder than filter. As stated, even a 0.1mm of mismatch will alter the 

measured result. So, the gap distance of the power divider raised the difficulty in the 

fabrication stage.   

  

 Not only that, the author needs to confirm that higher resolution of 

configuration is printed on the tracing paper. It is another factor that might affect the 

measured result. If the printed configuration is blurred and not clear, surely the 
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pattern transfer process will not be proceeded successfully. The BITMAP file shall 

be selected as its resolution is higher as compared with other file type. Compare with 

the fabrication stage in filter design, another step is added during the power divided 

fabrication. Before printing the configuration on the tracing paper, the author needs 

to invert the image because the substrate used (Rogers Duroid 6006) is a negative 

photoresist material. In fact, a negative photoresist material indicated that the 

exposed region becomes hardened while the unexposed region will be removed in 

the fabrication stage. Hence, the net result of which the pattern formed is the reverse 

of the pattern in the tracing paper. In order to get the desired configuration, the 

inversion of the image is necessary. This problem will not happen in the filter 

fabrication stage because the filter designed is symmetrical. Inverting the 

configuration will not have any effect on the result.  

 

 

Figure 4.4: Printed tracing paper 

 

 

 

4.2.3 Experiment Stage 

 

Same machine, Rohde & Schwarz ZVB8 Vector Network Analyzer (VNA) is used to 

measure the experiment result. Calibration is needed to be completed before 

measuring the result. It aims to eliminate the effect of cable on measurement so that 

more accurate result can be obtained. As compare with the filter experiment, power 

divider experiment is more challenging and difficult in terms of that the author needs 

to look after one more output port. Equal values of transmission response (S21 and 
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S31) are not easy to obtain, it is, however, necessary to be obtained because the 

author is designing a power divider of equalling output. 

 

 

Figure 4.5: Experiment Stage 

 

 

 

4.3 Proposed Filter Configuration 

 

A dual-mode microstrip power divider has been designed successfully. The power 

divider designed is an electronic utility that is able to transmit input signal to two 

output ports equally. Same with the filter, the power divider designed has a cavity 

attached behind the substrate.  

 

 

 

4.4 Results and Discussions 

 

Figure 4.6 shows the comparison between the HFSS simulated and measured results.  

This figure shows the graphs of return loss or S-parameter (S11, S21 and S31). The 

measured result verified well the simulated results. Moreover, the different between 

the power divider phases (S21 – S31) is within 10dB. It means that the signal strength 

received by the two outputs is almost same. The desired microstrip power divider is 

designed.  
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Figure 4.6: Comparison between simulated and measured result 
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Figure 4.7: Difference between phases 
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By referring to Figure 4.6, the first order resonance, second order resonance 

and error between measured and simulated result can be calculated. 

 

 

 Measured HFSS Error 

First  Resonance 4.06GHz 3.70 GHz 8.867% 

Second Resonance 5.41GHz 4.93 GHz 8.872% 

 

 

Besides, the central frequency, fc, bandwidth and error between measured and 

simulated result can be calculated. The results are shown in the table below. The 

formulas used to calculate the center frequency, bandwidth and error are same as 

what been mentioned above.  

 

 

 Measured HFSS 

 S21 S31 S21 S31 

Minimum Insertion Loss (dB) -3.59 -3.14 -2.95 -3.15 

3-dB Bandwidth (%) -6.59 -6.14 -5.95 -6.15 

fL (GHz) / fH (GHz) 2.07 / 6.27 2.17 / 6.12 1.489 / 

8.131 

1.481 / 

8.499 

fc (GHz) 4.170 4.145 4.810 4.990 

Bandwidth (%) 100.719 95.296 138.087 140.641 

Error (%) 0.000 0.000 13.306 16.934 

 

 

 

4.5 Case Studies 

 

One of the power divider parameters will be manipulated during the case study. It 

aims to study the effect of parameters modification on the measured result and to 

find out if any modification of parameter will improve the power divider 

performance. For example, a lower power loss leads to wider passband and simpler 

configuration, and so on. The same frequency range with a simulated result is used 
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for an easier comparison purpose. Same with filter case study, two factors, which are 

distance of gap and dimension of cavity, are studied.  

 

 

 

4.5.1 Gap Distance 

 

The author re-simulates the configuration after replacing the gap distance of power 

divider by 0.2mm and 0.3mm. By using 0.2mm and 0.3mm as gap distance, the two 

modes will be merged together and become a single mode. Moreover, the passband 

of power divider is narrower. It is definitely not an ideal case, hence, the gap value of 

0.1mm is chosen eventually. As mentioned, 0.1mm is the minimum value that can be 

used for gap distance. If the gap distance used is lower than 0.1mm, it would be 

troublesome in the fabrication stage because it is hard to be printed on the tracing 

paper and fabricated on board. 
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Figure 4.8: Effect of gap distance 
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4.5.2 Cavity Dimension 

 

Different dimension of slots are studied. Dimension of slot can be divided into length, 

width and height. Manipulation of each of them would affect the result greatly.  

 

 

 

4.5.2.1    Length of Cavity 

 

The length of the cavity used in the present project is 16mm. From Figure 4.9, it can 

be seen that the two modes merged together whether the length of cavity in increased 

or decreased. This case is totally undesirable, so the value of 16mm is chosen. 
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Figure 4.9: Effect of cavity length 
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4.5.2.2    Width of Cavity 

 

The same value which is of 16mm is used for the length and width of the cavity, but 

this does not mean that their case study will be same as seen from Figure 4.10. A 

different graph is obtained from the one shown in Figure 4.11. In this case, the 

simulated result is affected when the cavity width is changed to 14mm and 18mm. 

The centre frequency, fc will be shifted into a lower or higher frequency. 
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Figure 4.10: Effect of cavity width 
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4.5.2.3    Height of Cavity 

 

The height of the cavity is also important. The cavity attached behind the board is the 

core idea in the power divider. In this case study, the author reduced the cavity height 

to 0mm in order to observe the effect of cavity. The result obtained is quite positive 

where it shows that the power divider is unable to function without the existence of 

the cavity. When the author increased the cavity height to 4mm, the S21 is affected. It 

indicated that not all the signals are transmitted from the input to the output ports. 

Some might be reflected due to the high S11 value. So, a 2mm of cavity height will 

get a better measured result and therefore it is selected.  
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Figure 4.11: Effect of cavity height 

 

 



 

 

 

CHAPTER 5 

 

 

 

5 CONCLUSION AND RECOMMENDATIONS 

 

 

 

5.1 Conclusion 

 

In this project, the idea of dual-mode microstrip bandpass filter and one-to-two 

microstrip power divider are proposed. Both of them have an attached cavity behind 

the board. With that attached cavity, the dual-mode property is showed in the filter 

and power divider successfully as proved in the case study. In fact, it is a creative 

idea in the IEEE journal since nobody had tried this type of project before. Ansoft 

HFSS simulation software was used to simulate the filter and power divider. The 

results agreed reasonably well with the measurement. It is hoped that the proposed 

idea would be useful for modern wireless systems. 

 

 In conclusion, a dual-mode microstrip bandpass filter and one-to-two 

microstrip power divider have been studied. Software and hardware are designed 

successfully. The reasonable agreement between the measured and simulated results 

is obtained. The objectives of this project have been achieved.  
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5.2 Recommendation 

 

The microstrip power divider proposed has two outputs, where it can only be used in 

a specified purpose. It is unable to divide input signal into three outputs equally. So a 

one-to three power divider is proposed. Its function is the same with the one-to-two 

power divider. The difference is only on the number of outputs. In fact, one is able to 

divide the input signal strength into three output ports equally. This will be very 

useful in the communication system since more outputs signal received equally. 

However, as what been mentioned, it will be more challenging as compared with the 

one-to-two power divider because the author needs to look after one more output port. 

It indicated that S41 will be added inside consideration. Moreover, equal strength of 

output signals should be received. It is not easy to get equal values of transmission 

response (S21, S31 and S41). Figure 5.1 shows the configuration proposed. Figure 5.2 

is the simulated result obtained by simulating the proposed configuration. Figure 5.2 

shows that S21, S31 and S41 have a same magnitude. It means that the strength of 

signal received in the three outputs is equal. Hence, it indicated that the proposed 

one-to-three power divider is working well and can be proceeded into the second 

stage, which is the fabrication stage. It will be a new study topic in power divider 

design in the future. 
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Figure 5.1: Proposed configuration of one-to-three microstrip power divider 
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Figure 5.2: Simulated result 
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