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Abstract. This paper details the techniques and initiatives 
made recently for improved response and simultaneous 
development of microwave planar filters. Although the 
objective of all the techniques is to design low cost filters 
with reduced dimensions, compact size with better  
frequency response, the methodological approaches are 
quite variant. The paper has gone through extensive 
analysis of all these techniques, their concept and design 
procedures. 

Keywords 
Microstrip, Fractal, PBG (Photonic Band Gap), 
Defected Microstrip Structure (DMS), Defected 
Ground Structure (DGS). 

1. Introduction 
Broadband wireless access communications system is 

a rapidly expanding market. Such systems commonly em-
ploy filters in microwave and mm-wave transceivers as 
channel separators. There is an increasing demand for low 
cost, light weight and compact size filters. To meet such 
demands, the recent advances of novel materials and fabri-
cation technologies have simulated the rapid development 
and use of microstrip and other filters [1]. In the meantime, 
advances in computer-aided design (CAD) tools such as 
full-wave electromagnetic simulator have revolutionized 
filter design. Scientists have developed a variety of ap-
proaches over the years, which can be utilized to design 
and develop different kinds of ‘microwave planar filters’, 
also termed as ‘microstrip filters’, with improved re-
sponses.  

One of the principal requirements for a transmission 
structure to be suitable as a circuit element in microwave 
integrated circuits is that the structure should be ‘planar’ in 
configuration, as shown in Fig. 1. In the figure, the height 
of the substrate is represented by h, the width of the me-
tallic surface is W, height of the metallic strip is t and L is 
the length of the microstrip line. A planar configuration 
implies that the characteristics of the element can be 
determined by the dimensions in a single plane – like 

adjusting width of a microstrip line to control its 
impedance [2]. 

 
Fig. 1. Microstrip configuration. 

Based on pass-band and stop-band characteristics micro-
strip filters can be classified as Butterworth, Chebyshev 
and Cauer etc. Among the primary types, the Butterworth 
filters don’t contain ripples and develop a maximally flat 
characteristic, whereas Chebyshev type filters contain 
ripples in pass band and have a steep waveform as com-
pared to Butterworth filters. Whereas, Cauer filters have 
very sharp frequency response, with ripples both in pass 
band and stop band [3]. These filters are used in different 
applications according to their requirements. For the char-
acterization of microstrip filters lots of commercial elec-
tromagnetic (EM) simulation softwares [4-7] are available, 
which are very helpful for rapid research and development, 
in the field of RF and wireless communications. EM simu-
lation which gives the designer the opportunity to accu-
rately simulate passive circuit components, in particular 
microstrip structures, however goes far beyond the pre-
vailing use of stand-alone EM simulators, namely, valida-
tion of designs obtained through less accurate techniques. 
EM simulators, although computationally intensive, are 
regarded as accurate at microwave frequencies, extending 
the validity of the models to higher frequencies, including 
millimeter-wave frequencies, and they cover wider pa-
rameter ranges. 

The purpose of this article is to review the recent 
developments in the theory and design of microstrip filters. 
An overview of letters and papers reported so far on this 
field of engineering is presented here. 
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2. Design and Implementation of 
Microstrip Filters 
Filter designers have different design technologies, to 

choose from a wide range of available unloaded quality 
factors (Q) [1]. The required filter bandwidth and the Q of 
the filter technology determine the resulting insertion loss 
of the filter. The microstrip, where in the fields are con-
fined to a fairly small volume, the maximum Q is up to 150 
and can have insertion loss less than 2 dB. The goal is to 
create an exact design and to fabricate filters having very 
tight tolerances. Of course, the real design and production 
environments are always slightly less than the ideal. In a 
microstrip filter design, the objectives always are to try 
achieve an exact center frequency, good bandwidth and 
low return losses. 

2.1 Conventional Microstrip Filters 
As early as in 1958, S. B. Cohn reported about paral-

lel coupled transmission-line-resonator filters [8]. Among 
various circuit configurations, the parallel coupled half 
wavelength resonator filter is widely used. However, the 
size of a half-wavelength resonator filter seemed too large, 
as shown in Fig. 2. Also it suffered from the first spurious 
response at twice the center frequency. By adopting the 
quarter-wavelength resonators, e.g., the inter digital [9] and 
combline filter [10]; the circuit became smaller in size, 
with the first spurious response appeared at three times the 
center frequency. 

 
Fig. 2. Layout of the parallel-coupled transmission-line-

resonator filter. 

 
Fig. 3. Layout of the parallel-coupled transmission-line-

resonator filter. 

Recently, several filter designs based on the quarter 
wavelength resonator have been reported [11], [12]. In 
which by introducing the via hole inductors, to realize the 
K-inverters, along with the cross-coupling effect, the filter 
has been much more compact with good selectivity. 
Nevertheless, design procedures of these filters are tedious 
due to their complex structures. In [13], a filter topology is 
proposed as shown in Fig. 3, which provides two separate 
electric and magnetic coupling paths. The filter has com-
pact size and sharp roll-off rate. However, the electric 
coupling path of the filter was realized by the coupled gap 
or coupled transmission lines, which influences the center 
frequency of the filter considerably. 

2.2 Fractal Implementation on Filters 
Fractals were first defined by Benoit Mandelbrot in 

1975 as a way of classifying structures whose dimensions 
were not whole numbers [14]. Fractal means broken or 
irregular fragments that possess an inherent self-similarity 
in their geometrical structure. Fractal have been success-
fully used to model complex natural objects such as galax-
ies, cloud boundaries, mountain ranges, coastlines, snow-
flakes, trees, leaves, ferns and much more. Fig. 4 shows 
some of the fractal structures. 

   
Fig. 4. Fractal configurations. 

Hence, fractals are objects that posses hierarchical structure 
which is self-similar, i.e. repeats itself over several scales 
of magnitude [15]. Mathematically, constructed fractals 
extend the property of self-similarity down to arbitrary 
small or up to arbitrary large scales. The real fractals, how-
ever, do have both smallest and largest scales. The fractals 
have been found to be pertinent physical models for variety 
of natural structures and phenomena, [16]. Another line of 
using fractals, which proved even more fruitful, is a design 
and fabrication of self-similar objects for technological 
purposes, such as fractal element antennas [17] and micro-
strip fractal filters [18-20]. Fig. 5 shows fractal shaped 
microstrip coupled line band pass filters [21]. 

Traditionally, microstrip coupled line filters have 
been used to achieve narrow fractional bandwidth due to 
their relatively weak coupling [1]. However, despite ad-
vantages, this type of filter has some problems, such as a 
large second harmonic. This parasitic second harmonic 
contributes to an asymmetric pass band shape and degrades 
the upper band skirt properties. In addition, a large second 
harmonic signal can degrade the performance of other 
system components such as mixers. 

 
Fig. 5. Koch fractal island shaped coupled-line filter whose 

iteration factor is ¼ for (a) 1st iteration order, (b) 2nd 
iteration order. 
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To overcome this second harmonic problem, Koch 
fractal geometry has been applied to the coupled section of 
the filter. Another fractal filter known as Hairpin-line band 
pass filter is shown in Fig. 6 (a), out for suppression of 
harmonics. The corresponding scattering parameter plots 
are shown in Fig. 6 (b) and 6 (c). Conventionally, there are 
two methods used to solve the second harmonic problem in 
microstrip coupled line structures: by making the phase 
velocity of even and odd modes the same or by compen-
sating the different electrical lengths of both modes by 
modifying the line shape. An approach where both of the 
above methods were used together has also been reported 
[22], where periodic structures used to create Bragg reflec-
tions to suppress the second harmonic [1]. 

   
Fig. 6. (a) Photograph of fractal hairpin-line filters for 

suppression of spurious bands. 

 
Fig. 6.  (b). Frequency response of hairpin-line band pass filter. 

 
Fig. 6. (c) Frequency response of 1st iteration fractal hairpin line 

band pass filter. 

Fractals also used to improve the performances of mi-
crowave devices such as superconducting resonators, for 
layouts of microstrip filters [23]. In the last decade, much 
effort has been dedicated to the fabrication and optimiza-
tion of microwave resonant devices, such as filters and 
antennas, based on high temperature superconducting 
(HTS) films. 

Fractal electrodynamics is the application of fractal 
concepts to the electromagnetic theory and in this field, 
fractal description of natural geometries allowed the char-
acterization of interaction between these structures and 
electromagnetic waves, leading to the solution of problems 
such as land or ocean surfaces diffraction or random media 
propagation [24]. By utilizing a Hilbert pattern, as men-
tioned in the Fig. 7, it is possible to design very compact 
resistors, which minimize the parasitic inductance per unit 
surface, and at the same time maximize the capacitance for 
a fixed area in microstrip capacitors [25]. 

One of the critical issues in the performance of a re-
active component is the quality factor Q. The highest the 
factor Q, the better the component [26]. In filtering appli-
cations, Q is directly related to sharpness of the passband; 
to reject-band transition, the minimum bandwidth and to 
the insertion loss of the filter. The value of Q degrades by 
ohmic losses, but enhances with storage of reactive energy. 
In general terms, the performance of a small filter is related 
to the ability of the resonating structures of the filter in 
storing as much reactive energy as possible in the available 
volume. A good example of the energy storing capabilities 
of fractals is the Hilbert resonator, as shown in Fig. 8. Due 
to the unique space-filling properties of fractals, a very 
long but small resonator can be effectively packed into 
a same space as a conventional half-wave length resonator 
yet featuring a Q  factor which is about 10 times larger. 

 
Fig. 7. Square koch island fractal for super conducting 

resonators. 

 
Fig. 8. Hilbert fractal curve for two different iterations. 

A highly modern Hi-Lo microstrip low pass filter proposed 
for the first time [27], using Koch fractal shapes. The ex-
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cellent pass band performance was mainly due to the grad-
ual changes of the steps of the fractal shaped microstrip 
line, thus to provide weak current discontinuities. 

2.3 Photonic Band Gap Filters 
Initially, Photonic band gap (PBG) devices were pro-

posed in optical applications, which have a property of 
preventing light from propagating in certain frequency 
bands [28]. Filters can be implemented with shunt stubs [1] 
or stepped impedance lines in microstrip circuit [3], but 
these techniques require large circuit and provide a narrow 
band, along with a spurious pass-band in stopband. PBG 
structures provide the alternate solution for these problems 
in microwave applications. 

 
Fig. 9. Layout of a 1-D PBG Filter with square holes etched in 

ground plane. 

Microstrip lines incorporating photonic band gap structures 
exhibit slow wave characteristics which can be exploited to 
control the size of circuit layouts and periodicity. As 
shown in Fig. 9, PBG structures are periodic where the 
propagation of waves is not allowed for some frequency 
bands or directions, according to Bragg condition [29]. In 
the figure a is the order of approximation or distance 
between periodic patterns which may be square or circular 
holes in the ground plane. This is quite similar to the en-
ergy band gap concept in solid-state materials, and photo-
nic crystals – providing a mean to control propagation of 
electromagnetic wave. 

As mentioned above, the structures having periodic 
arrangement of dielectric or magnetic materials that result 
in the formation of stop bands in the microwave frequency 
region are called Microwave band gap structures. In 
general, these structures are also called as Electromagnetic 
band gap (EBG) structures. The reason for such peculiar 
behavior is that electromagnetic waves traveling through 
such structures experience a periodic variation of dielectric 
permittivity or magnetic permeability similar to the peri-
odic potential energy of an electron in an atomic crystal. 
Therefore, like the electronic state in an atomic crystal, the 
photonic state in a photonic crystal can be classified into 
bands and gaps, the frequency range over which the pho-
tons are allowed or forbidden respectively to propagate in 
the medium. Another explanation can be that the electro-
magnetic waves scattered by the materials form secondary 
sources. The waves from these secondary sources interfere 
destructively at the receiving end for certain frequency 
region. The application of photonic bandgap structures as 

substrates in microstrip circuits has been reported in [30]. 
A low-pass filter with a very wide high-frequency rejection 
bandwidth has been constructed from a serial connection of 
many different PBG structures, as shown in Fig. 10. 

 
Fig. 10. Layout of circular etched holes PBG filter. 

The various parameters that control the stop band in 
PBGs are, periodicity of the geometric arrangement, effec-
tive refractive index contrast, filling fraction and geometry 
of the structure. The defects are created either by removing 
or adding a material into the lattice, thereby disturbing the 
periodicity. This may result in the appearance of extra 
modes in the forbidden frequency range or a change in the 
power levels. Depending on the position of the defect and 
the number of defects that are created in a finite structure, 
the change in the power levels is either more or less. By 
addition of material, if a defect mode is created, then it is 
referred to as a donor mode and if the material is removed 
to form a defect mode, it is referred to as an acceptor mode 
[31]. 

Microstrip PBG structures have attracted great in-
terest mainly due to their good performance and potential 
applications. In recent time, several papers dealing with 
one-dimensional (1-D) microstrip photonic band-gap 
(PBG) were presented [32-41]. Majority 1-D microstrip 
PBGs have holes in the substrate or etched patterns in the 
ground plane. Disadvantage of the mentioned structures is 
a packaging problem and realization of MMICs [41]. The 
etched ground plane must be far enough from any metal 
plate in order to keep etched patterns in function. Struc-
tures based on the modification of the shape of the micro-
strip line and without etching in the ground plane were 
reported in [36], [40]. 

A novel 1-D microstrip PBG filter without etching in 
the ground plane is presented in [41]. In this case, the 
structure as shown in Fig. 11(a), has a sinusoidal variation 
of the characteristic impedance as a function of the length 
of the microstrip line. The corresponding simulated re-
sponse is shown in Fig. 11 (b). The range of applications 
proposed for these PBG structures in microstrip technology 
has been widely used last years, based on broadband har-
monic tuning in power amplifiers [42] and so on. 
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Fig. 11. (a). Configuration of one-dimensional PBG bandstop 

filter without etching ground plane. 

 
Fig. 11.  (b) Simulation result of the PBG bandstop filter. 

2.4 DGS and DMS Analysis 
The use of discontinuities in ground planes or in 

microstrip lines is currently employed to improve the 
performance of different passive circuits such as the size 
reductions of amplifiers, the enhancements of filter 
characteristics and applications to suppress harmonics. 

As shown in Fig. 12, Defected ground structure 
(DGS) is an etched lattice shape, which locates on the 
ground plane. It may be periodic or non-periodic structures 
and easy to represent in the form of an equivalent circuit. 
Currently, the DGS structure is widely employed in the 
behavior improvement of different RF and microwave 
circuits as filters [43], as well as power amplifiers [44] and 
patch antennas [45]. The DGS disturbs shielding fields on 
the ground plane, increases effective permittivity, increases 
effective inductance and capacitance of transmission line, 
and behaves as stop-band filter. 

An etched defect disturbs the shield current distribu-
tion in the ground plane. This disturbance can change char-
acteristics of a transmission line, such as line capacitance 
and inductance. A novel 3-pole coupled line band pass 
filter with DGS is proposed in [46]. The proposed DGS 
consists of narrow and wide etched areas in the backside 
metallic ground planes, which give rise to increasing the 
effective capacitance and inductance of a transmission line, 
respectively. The coupled line filter has a microstrip reso-
nator and two DGS sections, which operate as inverters 
and resonators simultaneously, at in-out port. Thus, the 
proposed-coupled line bandpass filter provides more com-
pact size compared to conventional coupled line bandpass 
filter. In addition, DGS has a self-resonance frequency. 
Due to this self resonance characteristic of DGS section, 
the proposed bandpass filter structure can provide an at-

tenuation pole in upper stopband. In order to derive an 
equivalent circuit for the proposed coupled line bandpass 
filter, we employ equivalent circuit and extraction methods 
of circuit parameters for a DGS, which are described in 
[47]. 

 
Fig. 13.  (a) Photographed layout of a DMS low pass filter. 

-30

-25

-20

-15

-10

-5

0

0.1 0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 2.5 2.7
Frequency (GHz)

dB

S11, d = 5
S11, d = 4
S11, d = 3
S11, d = 2
S11, d = 1
S21, d = 5
S21, d = 4
S21, d = 3
S21, d = 2
S21, d = 1

 
Fig. 13. (b) Frequency response with respect to slot width d. 

Defected microstrip structure (DMS) is made by etching a 
little slot over the microstrip, generating a stop band as a 
function of slot length. The larger the slot length, the lower 
the stop band frequency response. The designing of spe-
cific DMS structure is independent of the microstrip length 
which can be very useful in the design of microstrip filters, 
among other different applications. In the DMS, there is no 
etching in the ground plane avoiding any increment of 
leakage through the ground plane. 

As shown in Fig. 13 (a), a defected microstrip struc-
ture is made by etching a little slot over the microstrip, 
generating a stop band as a function of the slot length and 
width. As the width of the slot becomes smaller the stop 
band response becomes steeper and attenuation falls to 
lower levels. DMS presents a greater slow wave effect, 
since it has more discontinuities providing a longer trajec-
tory to the electromagnetic wave [48]. The slow wave 
factor (SWF) of a microstrip line is raised when a disconti-
nuity is introduced in the path of the electromagnetic wave, 
increasing the impedance of the line. The frequency re-
sponse characteristics is shown in Fig. 13 (b). Another 
advantage with DMS is that harmonics can be suppressed 
by selecting the appropriate slot length tuned to the specific 
harmonics obtaining a great rejection without the necessity 
of using a fixed microstrip length. After introducing the 
unit-sell in the microstrip line, the substrate employed in 
the implementation presents an apparent effective dielectric 
constant, which is larger than the real effective dielectric 
constant. This apparent permittivity provides the tool to 
explain how the dimensions of the microstrip circuits can 
be reduced. Considerable reduction in circuit size makes 
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defected microstrip structures effective not only to make 
filters, but to reduce the dimensions of other microwave 
devices such as microstrip lines, patch antennas etc. 

2.5 Advanced Techniques in Microstrip Filter 
Design 
As mentioned earlier, coupling factor of a resonator 

to an external circuit is described by the external Q which 
is an important parameter for designing microwave filters. 
Analytical computation of external Q needs exact determi-
nation of the field distribution around the coupling port. 
But the complexities of I/O ports in microwave/millimeter 
wave filters make this procedure a very complicated 
process. On the other hand lack of analytical solution for 
field distribution in some kinds of resonators such as 
Square Open Loop Resonators cause to increase the com-
plexity of external Q computation. 

A very fast and accurate fuzzy inference method to 
overcome this drawback is reported in [49]. In this paper 
fuzzy method is implemented to model the external Q  in a 
vanishingly short time and good accuracy. The fuzzy 
modeling method is explained and a four pole Chebychev 
filter has been designed as an example to show the accu-
racy and efficiency of the introduced method. The simu-
lated response of the designed filter is compared with an 
ideal four pole Chebychev one. The results found to be in a 
very good agreement. The capability of fuzzy inference 
method in solving time consuming and complicated elec-
tromagnetic problems such as microwave filter tuning [50]-
[52], EMC problems [53] and also antenna modeling [54], 
[55] has been proved. 

Developing a UWB filter can be a challenging task, 
and various techniques have been proposed [56]–[61]. In 
[56], UWB filters using microstrip rings are studied. These 
filters have good insertion loss and sharp rejections, but 
suffer from poor out-of band performance due to the strong 
spurious response. The concept of multimode resonators 
was originally proposed in [57] and developed in [58], [59] 
for designing UWB filters. These filters show good inser-
tion loss and flat group delay in the pass band. However, to 
obtain an UWB response, small coupling gaps are required 
in this type of filter. In [60] and [61], transmission line 
filters with shunt short-circuited stubs were designed for 
UWB applications, which, however, suffer from strong 
harmonic response. Novel ultra-wideband (UWB) band 
pass filters are proposed based on quasi-lumped-element 
prototypes and implemented with multilayer liquid-crystal-
polymer (LCP) technology reported in [62]. In this study, 
the broadside coupled microstrip radial stubs and high-
impedance microstrip lines are adopted as quasi-lumped 
elements for realizing compact UWB bandpass filters. By 
introducing a short-circuited high-impedance microstrip 
line as a shunt inductor and suitably designing quasi-
lumped-element capacitors, a compact eight-pole bandpass 
filter, as shown in Fig. 14, is implemented with the Federal 
Communications Commission (FCC) defined UWB speci-

fications. The measured result of the fabricated eight-pole 
filter has an ultra-wide fractional bandwidth of 139%, and 
a good stopband rejection level. Such filters are attractive 
for UWB communications and radar systems. 

The concept of Metamaterial or the left-handed me-
dium (LHM) was first proposed by Veselago in 1968 [63]. 
The electric field, the magnetic field, and the wave vector 
of electromagnetic wave propagation in left-handed (LH) 
materials obey the left-hand rule (instead of the right-hand 
rule for usual materials). In such medium, the permittivity 
and permeability are negative simultaneously. Also it ex-
hibits many unusual physical properties different from the 
conventional right-handed (RH) material, such as the 
negative refraction index, the backward Cerenkov radia-
tion, the reversed Doppler shift, etc. Unfortunately, such 
a new medium does not exist in nature, which has re-
stricted the further investigation of LHM for a long time. 
Recently, left-handed structure has been realized using 
wires and split-ring resonators (SRRs) experimentally in 
[64-67]. In 2004, an extended concept of composite 
right/left-handed transmission line was developed and 
demonstrated the practical application of LH structure [68 
to 75]. Since then, left-handed materials become an attrac-
tive topic and an extensive study has been conducted in the 
new physical characteristics, experiments, and potential 
applications [76-80]. A novel narrow-band bandpass filter 
using metamaterials is proposed. The filter composed of 
cascaded four metamaterial unit cells. The proposed filter 
has provided a useful technology to design low-cost inte-
grated filter. The performances of the device are investi-
gated theoretically and experimentally. The novel bandpass 
filter has shown its low insertion loss, compactness and 
improved response. The performances are demonstrated by 
the simulation and measurement results. The device is 
easily integrated with microwave or millimeter wave planar 
circuits. 

 
Fig. 14. Top metal layer layout of eight pole ultra wide band 

filter. 

3. Conclusion 
Applications of microstrip filters, for better responses, 

are becoming increasingly widespread in the field of sci-
ence and engineering. This article presents a comprehen-
sive overview of the all possible research areas around for 
design and implementation of microstrip filters. Included 
among the topics considered were – design methodologies, 
their applications and usefulness. The field of designing 
microstrip filters is still in the relatively earlier stages of 
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development, with the anticipation of much more innova-
tive advancement to come, over the months and years 
ahead. 
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