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Abstract- The effects of adaptive genetic algorithms (AGAs) and defected ground structures (DGSs) on performance 

optimization of tapered microstrip filter are investigated. The proposed structure achieves an ultra wide stopband 

with high attenuation within a small surface area, as well as 45% smaller size, in comparison with conventional 

filters. The parameters of the filter are optimized using in-home AGA code. In the proposed AGA algorithm, the 

crossover and mutation probabilities are adaptively changed according to the value of individual fitness. Then by 

utilizing the proposed DGS, a compact S-band low-pass filter with ultra-wide spurious free window is obtained. The 

proposed filter achieves an insertion loss of 0.8 dB from DC up to 4 GHz and 21 dB rejection in the stopband from 4.3 

up to 60 GHz. The fabricated and measured results exhibit good agreement with the simulated results. They 

demonstrate that combining AGA and DGS yield best possible response for this group of filters. 

Index Terms—Tapered microstrip filters, adaptive genetic algorithms, defected ground structures. 

 

I. INTRODUCTION 

In practice, high-performance microwave filters with 

minimized size and weight are playing an important role for 

design and fabrication of high-efficiency miniaturized 

microwave systems. Recently, due to high demand for broad 

band services, design of such miniaturized wide and ultra-

wide stopband filters for  interference cancellation (by 

means of out of-band signal suppression) is gaining more 

and more attention [1-4]. Non-uniform transmission lines 

(NUTLs) play an important role in microwave circuits. 

Applications include impedance transformation & matching, 

filters and directional couples. The non-uniform line is 

traditionally analyzed in the frequency domain [5-7]. 

Genetic algorithms are widely employed in various fields 

such as optimal engineering designs. They have been 

successfully applied to finding the global optimum in a 

variety of unimodal domains. Parameter control methods are 

classified as deterministic and adaptive. Deterministic 

systems employ fixed, predefined parameters for GA. On 

the other hand, adaptive control uses feedback from the 

search process to find out how the parameter values change 

[8-9]. 

Many researchers have proposed and demonstrated 

electromagnetic bandgap (EBG) microstrip structures to 

achieve compact and wide frequency stopband [10-12]. Also 

recently, DGSs have become one of the most interesting 

areas of research in modern communication systems [13-

16]. The DGS was first proposed by Kim et al. [17]. The 

microstrip line with DGS patterns in the ground plane has 

the stopband characteristics due to the equivalent effective 

inductance of DGS. It modifies the characteristics of the 

transmission line such as line capacitance and inductance. 

However none of these papers presents a combined rigorous 

method to fully design and optimize new filters. We 

emphasize the new idea of optimization, analysis and 

synthesis on non-uniform transmission lines using adaptive 

genetic algorithms and DGSs design methods. In sum, by 

using adaptive genetic algorithms and DGSs, passband and 
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stopband characteristics and size of a tapered microstrip 

filter can be optimized. The new method yields a microstrip 

filter with high rejection in the stopband and sharp transition 

with reduced insertion loss in passband. These features can 

be used in filter applications to eliminate unwanted 

frequencies and to reduce the physical size of a microstrip 

circuit. Conventional filtering methods in microstrip designs 

with shunt stubs (or stepped-impedance lines) present 

spurious harmonic frequencies in stopband and occupy 

valuable circuit layout area. An S-band low-pass filter is 

designed and measured as an example of the superiority of 

the proposed method. Firstly, AGA is applied to find the 

optimum parameters according to the desired attenuation. 

Then DGSs are employed to improve the results. Also we 

have proposed a high performance and compact low-pass 

filter structure with ultra wide stopband using adaptive 

genetic algorithms and new DGS configurations. 

II. DESIGN OF TAPERED MICROSTRIP FILTER 

The continuously tapered line can be built using incremental 

sections of length dz with an impedance change )(zZΔ  

from one section to next one. Fig.1.a illustrates a non-

uniform transmission line terminating to a normalized load 

impedance LZ and Figs. 1.b & c show the continuously 

tapered line.  

An approximation theory, based on small reflections is used 

to predict the reflection coefficient response as a function of 

impedance taper Z(z) as follows (see [18]). 
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where L is the length of the filter. Equation (1) is the Fourier 

transform of the impedance profile function dzZd /)(ln . 

Consequently, the inverse transform of (1) is an expression 

which describes the spatial variation of the impedance 

profile Z(x) as a function of the input reflection 

coefficient )2( βiΓ  as explained below: 
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Fig. 1 (a): A portion of non-uniform transmission line.  

(b): Approximation of part (a). (c): Its tapered structure. 

 

Equation (2) is the synthesis one. An approximate answer is 

achieved using numerical integration. Then the 

characteristic impedance function Z  can be obtained with a 

tapered microstrip filter as a primary structure. A lossless 

non-uniform transmission line may be considered as a 

limiting case where the number of non-uniform transmission 

lines (N) in stepped impedance transformers becomes 

infinitely large and, at the same time, the maximum length 

of each non-uniform transmission line-section approaches to 

zero, provided that the total length L of the stepped 

impedance transformer is equal to non-uniform transmission 

line. To analyze the filter, its structure is divided into a 

number of short segments based on the length of the filter as 

illustrated in Fig. 1. The structure can be simulated more 

precisely using tapered sections. Therefore, the tapered 

sections are used for filter modeling [19-20]. 

III. ADAPTIVE GENETIC ALGORITHMS 

In this section the optimization of the filter specifications 

using adaptive genetic algorithms [21-23] is introduced. The 

behavior of genetic algorithms is strongly influenced by the 

balance between exploration and exploitation. The GA 

control parameter settings, such as mutation and crossover 

probabilities (denoted mP  and cP , respectively) and the 
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population size, are key factors in the determination of the 

exploitation versus exploration tradeoff. If poor settings are 

used, the exploration/exploitation balance may not be 

reached in a profitable way; the GA performance is severely 

affected due to the possibility of premature convergence. 

Finding robust control parameters is not a trivial task since 

their interaction with GA performance is a complex 

relationship and the optimal ones are problem dependent. 

Therefore, adaptive GAs are considered where they 

dynamically adjust the selected control parameters or 

genetic operators during the course of evolving a problem 

solution. The significance of cP and mP  in controlling GA 

performance has been acknowledged in GA research [24-

26]. cP controls the rate at which a solution is subjected to 

crossover. The higher the valued of cP , the quicker the new 

solutions are introduced into the population. However, as 

cP  increases, solutions can be disrupted faster than the 

selection can exploit them. Typical values of cP  are in the 

range 0.5-1.0. Mutation is another operator to restore genetic 

material. Larger values of mP  transform GA into a purely 

random search algorithm while a little mutation is only 

required to prevent the premature convergence of the GA 

into a suboptimal solution. A good selection of cP and mP  

can lead to an easier search for good solution. mP and cP  

depend on the fitness of the solutions and are zero for the 

solution with the maximum fitness. Therefore, they are 

adapted as follows: 
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f , Maxf , f  and 'f  are the average fitness value of the 

population, the maximum of the fitness, the fitness of each 

member of the population and the larger fitness of the 

solutions to be crossed, respectively. Also the normalized 

fitness function is selected as: 

)
3

1

3

2
(100 2111 SSF +×=                                             (4) 

where 11S and 21S are the worst points in the stopband and 

passband regions, respectively.  

As the signal's frequency applied to millimeter-wave 

integrated circuit is steadily increased, some characteristic 

frequency may be reached at which undesirable effects 

occur. The same is true for monolithic integrated circuits. 

For a sufficiently wide microstrip line, a transverse-resonant 

mode exists which can also be coupled strongly to the quasi-

TEM microstrip mode. Therefore, because of fabrication 

technology and in order to avoid the excitation of higher-

order modes in a microstrip, the maximum and minimum 

values of the microstrip widths are limited to 0.1-6.5 mm 

[27]. By this condition, a wider stopband filter can be 

obtained. The width of the microstrip feed line is fixed at 

mmW 9.11 =  to achieve Ω50  impedance. The total length 

of the filter is assumed to be a wavelength. The number of 

NUTL-sections is selected to be 40. 
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Fig. 2 (a): Width (W) of the optimized filter versus its length (L). 

(b): Simulated frequency response of the filter using CST 2008  

(Optimization I). 



 4

Microstrip line 

printed on the 

reverse side of 

the substrate. 

0 10 20 30 40
0

1

2

3

4

5

6

Length (mm)

W

 

(a) 

0 5 10 15 20
-60

-50

-40

-30

-20

-10

0

Frequency (GHz)

S
1

1
 &

 S
2

1
 (

d
B

)

S
11

S
21

 

 (b) 

Fig. 3 (a): Width (W) of the optimized filter versus its length (L). 

(b): Simulated frequency response of the filter using Ansoft 

Designer 4 (Optimization II). 

 

The optimization algorithm is employed to obtain the low-

pass filter with the determined specifications. The 

optimization variables for the algorithm are widths of non-

uniform microstrip transmission line. Distinctive optimized 

structures are investigated using two different optimization 

goals and denoted Optimization I & II, respectively. The 

values for width and the simulated frequency responses are 

illustrated in Figs. 2 & 3, respectively and are simulated on a 

1.27 mm Rogers TMM substrate with a dielectric constant 

of 6. The structures are simulated with the commercial 

softwares, Ansoft Designer 4 and CST Microwave Studio 

2008. It is seen that the optimized insertion loss for a low-

pass filter is more than -0.3 dB from DC up to 4 GHz and 

the rejection band is better than 20 dB in 4.7-20 GHz range. 

 

IV. DEFECTED GROUND STRUCTURES 

The defected ground structure is an etched defect in the 

ground plane of a microstrip circuit. This disturbance 

changes the characteristics of a transmission line. It disturbs 

the current distribution in the ground plane. By changing the 

geometric dimensions, shapes or places of DGSs, it is 

possible to modify the effective capacitance and inductance 

of the transmission line. The DGSs investigated in this work 

and their equivalent circuits are demonstrated in Fig. 4. The 

proposed structure in this paper is based on a combination of 

tapered etched holes and periodic DGSs.  

As it is understood from the frequency responses, DSGs 

need to be designed as a band-reject filter to achieve a 

reasonable functionality. The best values for dimensions are 

found using Ansoft Designer 4. The circuit parameters are 

extracted from an electromagnetic simulation employing a 

Butterworth bandstop filter response. Fig. 5 depicts the 

frequency responses of the DGSs. Various dimensions of the 

required DGSs have been listed in Table I. 
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Fig. 4: Required DGS structures. (a) & (b): DGS (1) & DGS (2). 

(c): Resulting circuit model. Solid lines indicate that the slots are 

etched in the ground plane of the microstrip. 
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Fig. 5: Frequency responses of DGS structures  

 

TABLE I: Dimensions (in mm) of DGSs with different resonant 

frequencies. 

DGS 

Structures 
DGS (1) DGS (2) 

CASE A  

11 =R , 75.02 =R , 5.03 =R  

61 =D , 3.42 =D , 13 =D , 

6.24 =D , 45 =D , ,5.06 =D

4.07 =D , 2.28 =D  

11 =R

11 =D

3.32 =D

53 =D  

CASE B 

5.01 =R , 4.02 =R ,

25.03 =R 2.31 =D ,

2.22 =D , ,5.03 =D  

3.14 =D , 2.25 =D ,

25.06 =D 2.07 =D ,

1.18 =D  

CASE C 

25.21 =R , 8.12 =R ,

2.13 =R 141 =D , 6.92 =D ,

1.13 =D , 8.54 =D , ,4.95 =D

55.06 =D 9.07 =D , 5.8 =D  

V. EXPERIMENTAL RESULTS 

In order to show the effectiveness of the proposed method 

and the accuracy of the model, we present experimental 

results. Figs. 6-7 illustrate photos of the fabricated filter, the 

dimensions of structures and their frequency responses. The 

DGS elements are cascaded in order to realize wider 

stopband with very sharp edge filter. The measurements are 

performed with an Agilent-8722ES network analyzer. CST 

2008 and Ansoft Designer 4 use different numerical 

techniques to simulate the structures. Variations in the 

measured performance are mainly due to imprecise 

fabrication by a milling machine, the effect of SMA 

connectors and the nonideal soldering. Also, because of the 

limitations in practical implementation, we were forced to 

use Rogers RT/duroid 6006 (TM) with a dielectric constant 

of 6.15. The simulation results show that the proposed 

structure has an ultra-wide stopband and its peak remains 

below the acceptable -22 dB level from 4.5 up to 60 GHz. 
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Fig. 6: Fabricated tapered microstrip filter optimized by DGSs 

(Optimization I) (a): Top (b): Bottom (c), (d): Frequency responses 

(Simulated and Measured) 5.18,5.10 21 == LL and 213 =L . 
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Fig. 7: Simulated tapered microstrip filter optimized by DGSs 

(Optimization II) (a): Structure (b), (c): Frequency responses 

( 2021 == LL ). 

 

The operational frequency range of the Agilent-8722ES 

vector network analyzer was 50 MHz up to 40 GHz. 

Therefore, we were not able to measure the characteristics 

of the designed filter beyond 40 GHz. Also, only the 

21S measurements were accessible. However, as it can be 

seen from Figs. 6 & 7, the simulation of the filter was 

performed up to 60 GHz using CST 2008 and Ansoft 

Designer 4 softwares. The structures were simulated with 

loss-free substrates and the same results were obtained. 

In another optimized structure, we present a more compact 

design of the ultra-wide stopband lowpass filter. Fig. 8 

illustrates the dimensions and frequency response of the 

optimized compact filter. According to its specifications, a 

conventional 10th order Chebyshev stepped-impedance 

lowpass microstrip filter is designed and optimized by 

Agilent ADS 2008 to highlight the performance of the 

optimized filter. The conventional Chebyshev filter has 

32mm length while the optimized filter’s length is less than 

a half-wavelength (i.e., 17mm). The optimized compact 

filter has sharper band edge and deeper and wider stopband. 
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Fig. 8: Simulated optimized compact filter; (a): Structure (b): 

Width values of the optimized filter (c), (d): Frequency response 

( ,4,17 1 == LLt 5.5,2.6 32 == LL ). 
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Fig. 9: Setting up the cutoff frequency of the optimized filter (a): 

The structure (b): The frequency responses when 

( 25,5 43 == LL ). 

 

In this case, the stopband peak is less than -21 dB from 4.3 

up to 60 GHz. As mentioned earlier, a compact deep 

attenuation and spurious-free filter is achieved by this 

method. The dimensions of the new DGS configuration are 

demonstrated in Fig. 8 (a) and Table I. 

One of the interesting results of using such structures is the 

ability to set up the cutoff frequency of these filters up to 

hundreds of MHz only by displacing a few millimeters of 

the DGSs with respect to their current positions as shown in 

Fig. 9. The changes in characteristic impedance will shift the 

cutoff frequency. It is proportional to geometry, size, the 

amount and displacement of DGSs. A varactor-loaded 

resonator can be implemented to design a tunable & high-

selective low-pass filter. 

VI. CONCLUSION 

An adaptive genetic algorithm is combined with non-

uniform transmission line to optimize a tapered microstrip 

low-pass filter. With the DGS configurations, the proposed 

structure displays an ultra-wide stopband with high 

attenuation within a small circuit area. By applying adaptive 

genetic algorithms and DGSs, the performance of a tapered 

microstrip filter is significantly improved. Also, the 

proposed low-pass filters have wider and deeper stopband 

characteristics compared to those of conventional low-pass 

ones. The equivalent circuits and the related design 

procedures have been discussed in details. Numerical 

simulations using CST Microwave Studio 2008 and Ansoft 

Designer 4 show promising agreement with experiments. 

The measured data for fabricated DGS-based low-pass 

filters have fairly good insertion-loss characteristics. The 

designed filters have a 4 GHz cutoff frequency and also a 

stopband attenuation less than -21 dB from 4.3 GHz up to 

60 GHz. As a result now, one can design a desired compact 

filter, starting from a pre-defined structure. 
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