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ABSTRACT In this paper a unique spiral defected microstrip line structure is studied, simulated and 
measured. This proposed resonating structure provides a dual band bandstop filter response for Wi-Fi 
communication and remote sensing applications. Next proposed spiral defect is combined with the 
hexagonal head defected resonators at ground plane to improve the rejection band. In addition a study is 
also done to observe the effects of the proposed defects at both signal plane and ground plane. A 
comparison is done among the response of individual defects filters and combined defect filter. It is 
observed that later shows improved overall bandwidth with compactness. The proposed combined defect 
filter with improved stopband displays 92.6% FBW and 112.5 dB/GHz sharpness factor with very compact 
in size as 0.26 λ0 × 0.25 λ0. All measurement results are in good agreement with the simulated results.  

INDEX TERMS Bandstop filter, microstrip line, hexagonal head DGS, spiral slot DMS, wide band.

I. INTRODUCTION 
N modern days’ satellite and mobile communication 
system require high performance microstrip circuits with 

compact size and low cost. Thus progressive research 
works are carried out to get better performance of the 
microstrip technology. Improving the stopband 
characteristics is very needful to suppress the spurious 
signals from transmitters, mixers, power amplifiers, and so 
on. Various techniques are adopted such as open stubs, 
stepped impedance resonators and different defected 
structures. Some defects are in the ground plane under 
microstrip line and some are the defect in the signal plane 
of microstrip line. The defected structures in ground plane 
called Defected Ground Structure (DGS) which effectively 
disturb shield current distribution in ground plane [1]. The 
defects are generally in the form of slots with single or 
periodic geometric structures which yields band rejection 
responses [2]. In [3] stepped-impedance DGS with a folded 
slot at ground generates dual resonance. An open loop 
defected ground structure [4] is created to increase coupling 
as well as transmission zeros in an ultra-broad band filter. A 
square DGS used to increase the mode characteristic 
impedance of parallel couple line by decreasing the shunt 
capacitance effect between the microstrip lines and the 
ground in [5] and resulting in stepped-impedance resonator.   
A tunable substrate integrated defected ground structure is 
introduced in [6] which is an combination of DGS and 
substrate integrated waveguide (SIW), to provide higher 
inductance but lower characteristic impedance, leading to 
wider stop band. Defected Microstrip Structure (DMS) on 

the other hand, is a defected structure on the signal plane of 
the microstrip line. These structures also gives stop band 
response without increasing the filter size. In [7] a spiral 
geometry DMS is introduced to provide the narrow 
rejection band and reduced size. A DMS is created on a 
stub loaded stepped impedance resonator to generate a tri 
band and quad band bandpass response [8, 9]. An ultra-
wideband bandpass filter is designed using a T-shaped 
resonator in [10] with dual notch bands which is achieved 
by “L”-shaped DMS. An analytical design method is 
proposed to present spiral DMS and validated by 
experimental fabrication in [11]. Another a stub-loaded 
stepped-impedance resonator with DMS is proposed in [12] 
to design a quad band bandpass filter for GPS, WiFi, 
WLAN, and WiMAX applications. The concept of DMS 
used in [13] to design a dual-band bandstop filtering cable 
by using asymmetric bridge-connected spiral-shaped defect. 
In [14] a “T” shaped top plane defect or DMS is combined 
with dumbbell shaped ground plane defect or DGS to build 
an improved response lowpass filter. A multilayered 
WLAN band bandpass filter is designed using U-shaped 
DGS resonators and T shaped DMS in [15]. Again a 
different “T” shaped DMS and U-shaped DGS are 
employed to make a miniaturized dual-band bandstop filter 
[16]. An interdigital-DGS-DMS lowpass filter is achieved 
using two cascaded “T” shaped DMS, one interdigital 
shaped DMS and rectangular DGS slots in [17]. A wide 
stopband lowpass filtering response is achieved using 
coupled stub-loaded resonators with “T” shaped DMS 
resonators and dumbbell DGS structures [18]. Another 
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lowpass filter is proposed for RADAR and GPS application 
by using quasi octagonal stub resonators, two DMSs and 
arrowhead DGS in [19]. One SIW Bandpass filter is 
investigated in [20] with inclusion of DGS and DMS 
structures. In [21] an X-band bandstop filter is proposed by 
using DGS and DMS combined structures. 
Here in this paper, a spiral signal plane defected resonator 
is introduced, analysed and measured. This proposed spiral 
resonator is then combined with the hexagon head defected 
structures at ground plane to provide wide band lowpass 
filter response. The initial work depicted in section II, 
introduced, analyzed and measured a spiral shape defected 
Microstrip line resonator. In section-III, a study of the spiral 
defect at signal plane combined with hexagonal headed 
defected structures at ground plane is performed which 
yields an improved rejection band lowpass filter. In section 
IV, a study of comparative analysis of combined structures 
with the individual ones is presented. Another comparative 
analysis is also given for the proposed filter with the 
available literature.  
 

II.  ANALYSIS OF SPIRAL MICROSTRIP LINE 
DEFECTED STRUCTURE 

A.  GEOMETRY OF SPIRAL SHAPED DEFECT 
RESONATOR 

Spiral defects is a rectangular folded slot etched on the 
microstrip line. This defect starts at the edge of the signal line 
and then folds in a certain manner to provide a spiral shape. 
Fig. 1 shows the schematic diagram of the defect unit 
consisting of spiral shaped slot etched off the microstrip line. 
The substrate with a dielectric constant of 4.4 and thickness 
of 1.59 mm is considered for the microstrip line. The width 
(W) of the microstrip line is obtained as 3 mm corresponding 
to 50-Ohm characteristics impedance. The different 
dimensions of spiral shaped defect have been taken as a1= 
3.7 mm, a2= 2.5mm, a3= 2.5 mm, b1=0.4mm, b2= 0.3mm, 
b3= 2.2mm, b4=1.6mm, g= 0.3 mm. The total cut out size of 
proposed defect unit is (4.35 X 2.6) mm2. 

 
FIGURE 1. Schematic diagram of the spiral defect unit.  

 

 
 

B.  SIMULATED RESULTS 
 
From the MoM (IE3D simulation software) based 

simulated S-parameters as shown in Fig. 2, it is observed that 
the investigated defect unit provides dual stopband response 
with centre frequencies at 3.6GHz and 6.9 GHz. The lower 
and upper cutoff frequencies of the first band are 3.03 GHz 
and 4.06 GHz while those of the second stopband are at 6.36 
GHz and 8.57 GHz. The attenuation levels of the first and 
second rejection bands are of 34.7 dB and 44.5 dB 
respectively. The passband insertion loss is of 0.4dB. The 20 
bandwidth of the first band is 104MHz while that is of 154 
MHz for the second band. The sharpness factors observed at 
the lower and upper edge of the passband are 51.78 dB/GHz 
and 75.2 dB/GHz respectively for the first band and those for 
the second stopband are 69 dB/GHz and 25.9 dB/GHz 

respectively. 
 

FIGURE 2.Simulated s-parameters of the spiral defect unit. 

C.  EQUIVALENT CIRCUIT 

This proposed spiral DEFECT unit produces two-pole 
Butterworth bandstop filter response which is described by 
two LC parallel resonant circuit connected in series with 50 
Ohm transmission line on both ends as shown in Fig. 3. For 
the given dimension of the proposed structure the extracted 
inductances are given by: L1=1.24 nH and L2=491.4 pH 
whereas capacitances are: C1 =1.54 pF and C2=1.06pF. 
Corresponding circuit simulation response is compared with 
the simulated response and illustrated in Fig. 4. 



  

VOL. 13, NO. 1, MARCH 2024  11 

 

FIGURE 3. Equivalent circuit model of the proposed spiral defect. 

 

FIGURE 4.Comparison of the EM simulated and circuit simulated response. 

 

D.  TRANSMISSION LINE MODEL 

The operation of the proposed spiral defected structure can 
be understood well by the transmission line model 
equivalence, which is shown by Fig. 5 (a) and Fig.5 (b) for 
the two stopbands respectively. This equivalent circuit model 
is obtained by dividing the line into three parts: one 
transmission lines (through lines) at the top of the spiral 
defect having characteristic impedance Z1 and the electrical 
length θ1, two resonating stub line having characteristic 
impedances Z2 and Z1 and electrical lengths θ2 and θ3 
respectively These two stubs (Z2, θ2 and Z1, θ3) [3, 24, 25] 
are open circuited and quarter wavelength long 
corresponding to the two resonant frequencies f1 and f2. The 
through line is half wavelength long and the input 
impedances looking at the left side of the two stubs are given 
by, 

 

FIGURE 5. (a) Transmission line model equivalent model of the proposed 
defect for the first resonant frequency, (b) Transmission line model equivalent 
model of the proposed defect for the second resonant frequency. 

                          (1) 

   (2) 

 
Where, Zstub1 and Zstub2 are the input impedances looking 

into the first stub having characteristic impedance Z2 and the 
second stub having characteristic impedance Z1 respectively. 
The Zthrough is the input impedance looking into the through 
line. The input impedances Zstub1 and Zstub2 are given by 
equations (3) and (4) respectively. 

 
     (3)
   

     (4) 
 
Since the through line is half wavelength long it repeat 

itself at the start of the second stub. For the stub length (θ=βl) 
of quarter wavelength long the Zin1 and Zin2 becomes zero 
and the signal reflected back to the source and causes 
transmission zeros to be occurred. The corresponding 
transmission coefficient and reflection coefficient are 
illustrated in equations (5) and (6) given below [24]. 

 
 

     (5) 

 
     (6) 

 
Where, 

    
    

  and   
 
In which the ABCD parameters are: 
 

    
  

                     
   

    
  

 

E.  SURFACE CURRENT DISTRIBUTION 
The surface current distributions for the two resonant 

frequencies are given in Fig. 6 (a) and Fig. 6 (b). From the 
Fig. 5 (a), (b) and Fig. 6 (a), (b), it is obvious that for the first 
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resonance the stub 1 or the transmission line section ‘y’ 
(characteristic impedance Z2 and electrical length θ2) draws 
maximum surface current while for the second resonance the 
stub 2 or the transmission line section ‘z’ (characteristic 
impedance Z1 and electrical length θ3). 

 
 
 
 
 

 
(a) 

 

 
(b) 

FIGURE 6. (a) Surface current distribution of the proposed defect for the first 
resonant frequency, (b) surface current distribution of the proposed defect for 
the second resonant frequency. 

F.  PARAMETRIC STUDY 

The tuning of the resonant frequency can be done easily with 
the variation of the stub lengths ‘y’ and ‘z’ as illustrated in 
Fig. 5 and Fig.6. With the change of ‘y’ (y=A+B+C+D+E) 
and ‘z’ (z=M+N+P), the effective electric length, as well as 
inductance L, change proportionately, and the resonant 
frequency changes inversely, as shown in Fig. 7 (a). In this 
filter structure the arrangement of the circuit is such that if 
‘y’ changes the ‘z’ also changes and vice versa hence in the 
Fig. 7 (a) and (b) only the change of resonant frequencies 
with ‘y’ is shown. The variation of attenuation pole and 
attenuation zero represented graphically in Fig. 7 (b). 
Following the Fig. 8, the expressions of the resonance 
frequencies of this proposed dual band bandstop filter using 
spiral shaped defect are depicted by following equations (7) 
and (8) [24]. 

 
    (7) 

     (8) 

Where,      
   

  

where c is the velocity of light in free space, εeff is the 
effective dielectric constant of the microstrip line, εr is the 
relative dielectric constant, w is the conductor strip width of 
the microstrip line and h is the substrate thickness. 

 
(a) 

 
(b) 

FIGURE 7. (a) Shows the variation of frequency with stubs having 
characteristic impedances Z1 and Z2, (b) shows the variation of attenuation 
zero and attenuation pole frequency with stubs having characteristic 
impedances Z1 and Z2. 

 

TABLE I. Comparison between calculated resonant frequencies with the 
simulated ones. 
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Table 7 shows the comparison between calculated resonant 
frequencies with the simulated ones, where f1cal and f2cal 
are the calculated resonant frequencies of the lower and 
higher band respectively and f1sim and f2sim are the 
simulated resonant frequencies of the lower and higher band 
respectively. Therefore by simply changing the effective stub 
lengths y (y=A+B+C+D+E) and z (z=M+N+P) the cutoff 
and pole frequencies of the filter for the both band can be 
changed, which is clearly shown by Fig. 7 (a) and (b). 
 

 

FIGURE 8. Schematic diagram showing the current directions in two stubs for 
two resonant frequencies. 

G.  MEASURED RESULT 
The photographic view of this dual bandstop filter is shown 
in Fig. 9 (a). The comparison between the simulated and 
measured result of this 2-pole bandstop filter is given by Fig. 
9 (b). It is clear from this figure that the simulated and the 
measured results are in good agreement. A minor 
dissimilarity occurs at higher frequencies may be due to 
fabrication error or SMA connetors. Fig. 9 (c) provides the 
measured phase response of the proposed structure. 
 

 
FIGURE 9. Photograph of the structure. 

 

FIGURE 10. Comparison of simulated and measured S-parameter results. 

 

FIGURE 11. Measured phase response. 

III.  WIDE BAND BANDSTOP FILTER USING SPIRAL 
DEFECTS AND HEXAGONAL HEAD DEFECT 

Here the proposed spiral shaped defect at microstrip line, 
introduced along with a dumbbell defect at the ground plane 
to improve the overall stopband by Stagger tuning action. 
Fig. 12(a) shows the schematic diagram of the proposed filter 
unit consisting of spiral shaped defected slot at the signal 
plane and a simple dumbbell shaped defect in the ground 
plane. The spiral shaped slot having an open end at the edge 
is etched off from the microstrip line. There is a small 
improvement in the microstrip line by means of high-low 
line, which is chosen here for impedance matching. The 
dumbbell shaped defect at ground is placed at both side of 
the spiral defect at top plane and exactly below the high-low 
microstrip line but at a distance of 11.4 mm at the ground 
plane. The substrate with a dielectric constant of 4.4 and 
thickness of 1.59 mm is considered for the filter design. The 
width (W2) of the microstrip line is obtained as 3 mm 
corresponding to 50-Ohm characteristics impedance. The 
different dimensions of spiral shaped defect have been taken 
as: a= 4 mm, b= 1.9 mm, l1=1.7mm, l2=1.7mm, l3=2.5mm, 
l4=2.6mm, l5=4.05mm, l6=0.45mm, h1=0.2mm, h2=0.1mm, 
h3=0.9mm, h4=0.9mm, h5=2mm, h6=2.1mm, W1=10mm, 
W2=3mm, W3=10 mm, g1=0.2mm, g2=0.2mm, L=11.4mm. 
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FIGURE 12. Schematic diagram of the proposed filter unit consists of 
spiral shaped defected slot at the signal plane and a hexagonal head 
dumbbell shaped defects in the ground plane. 

A.  SIMULATED RESULT OF THE COMBINED FILTER 
From the simulated S-parameters as shown in Fig.13, it is 

observed that the investigated filter shows a lowpass 
response. The investigated filter unit provides four 
transmission zeros at 3.2 GHz, 4.1 GHz, 4.9 GHz and 5.8 
GHz with 3dB cutoff frequency at 3.1 GHz. The maximum 
insertion loss in the passband is 0.2 dB and sharpness 
112.5dB/GHz. The 15dB rejection band is 3GHz. 

 
 

FIGURE 13. Simulated S-parameter response of the proposed filter. 

 

B.  SURFACE CURRENT DISTRIBUTION OF THE 
COMBINED FILTER 

The current distributions of the structure for the four 
transmission zeros are exhibited in Fig. 14 (a), (b), (c) and (d) 
respectively. It is clearly seen in Fig. 14 (a) and (d) that at the 
resonant frequencies fr1= 3.2 GHz and fr4= 5.8 GHz, there is 
high magnitude of surface current distribution around the 
spiral slot of the proposed defects on the microstrip structure. 
Hence it can be undoubtedly said that those resonant 
frequencies (fr1= 3.2 GHz and fr4= 5.8 GHz) are obtained by 
the proposed spiral defects on microstrip line. Among the 
rests, at the resonant frequency of fr2= 4.1 GHz, there is a 
high magnetic current distribution in the slot of the bigger 
hexagonal head defects at ground and very less amount of 
current distribution present in the smaller defect. It is again 
observed in the S-parameter response that the rejection level 
at the pole frequency of 5 GHz is almost the same as that at 
resonant frequency of 4.1 GHz. This causes the bandwidth to 
be widened which is evident from the current distribution in 
Fig. 14(c). 

(a)                              (b) 
 
 

  
(c)                              (d) 

 
FIGURE 14. Layout of the surface current distribution of the proposed filter 

unit consists of spiral shaped defected slot at the signal plane and a 
hexagonal head dumbbell shaped defects in the ground plane for the 
frequencies (a) 3.2GHz, (b) 4.1GHz, (c) 5GHz and (d) 5.8GHz. 

C.  PARAMETRIC STUDY OF THE COMBINED FILTER 

A parametric study is presented here to support the concept 
that the second and third resonant frequencies fr2 and fr3 are 
created due to the bigger and smaller hexagonal head 
dumbbell shaped defects. This parametric study is done 
which relates the dimension of the defected structures to the 
second and third resonant frequencies. From Fig. 15 (a) it is 
clearly seen that change in arm length (a) of bigger defects 
causes a significant change in second resonant frequency (fr2) 
but causes no change in the third resonant frequency (fr3). 
Again it is observed in Fig. 15 (b) that variation in the arm 
length (b) of smaller defect causes a huge change in third 
resonant frequency (fr3) but causes no change in the second 
resonant frequency (fr2). Hence it can be concluded that the 
second resonant frequency is provided by bigger defect 
whereas the third resonant frequency is yielded by the 
smaller defect respectively. 
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(a) 

 
(b) 

FIGURE 15. (a) variation of pole frequencies with the arm length ‘a’ of the 
hexagonal head of the bigger defects keeping the smaller defects dimension 
fixed, (b) variation of pole frequencies with the arm length ‘b’ of the hexagonal 
head of the smaller defect keeping the bigger defect dimension constant. 

 

D.  EQUIVALENT CIRCUIT OF THE COMBINED FILTER 

For the proposed top and ground defects combined bandstop 
filter, the equivalent circuit shown in Fig. 16. The resonant 
frequencies of the filter are determined by the parallel 
resonant circuits, whose inductance and capacitance values 
are calculated from the equations (9 and 10) [23]. The first 
parallel resonant circuit is responsible for the lower pole 
frequency and the second one for the next higher pole 
frequency and so on. The cutoff frequencies are calculated by 
the series resonant circuits whose inductance and capacitance 
values are obtained by the equations (11 and 12) [23]. The 
first series resonant circuit determines the lower cutoff 
frequency of the proposed combined structure. The other 
series resonant circuit with the corresponding parallel 
resonant circuits establishes the bandwidth of the filter 
following the stagger tuning technique. The extracted values 
of the LC parameters are given as: L1=0.36nH, L2=0.48nH, 
L3=3.02nH, L4=3.61nH, L5=16.08nH, L6=17.8nH, 
L7=1.17nH, C1=6.43pF, C2=3.09pF, C3=0.34pF, C4=0.2pF, 
C5=0.14pF, C6=0.13pF, C7=0.89pF, C=0.3pF. The 
comparison of the EM simulated and circuit simulated s-
parameter response is given in Fig. 17. 

 
 
 
FIGURE 16. The equivalent circuit of the proposed DGS-DMS combined 

filter. 

 
 

FIGURE 17.  Comparison of EM simulated and circuit simulated responses. 
 
 

     (9) 

 
                    (10) 

 
          (11) 

                                            (12) 

 
Where ‘g’ is the normalized source resistance or 

conductance, Ωc is the normalized cutoff frequency and 
ω0=2πf0. The fractional bandwidth is given by equations (13) 
[24]. 

 
 

     (13) 

E.  MEASURED RESULT OF THE COMBINED FILTER 
The filter is fabricated and the photographic view of the 

top plane and bottom plane of the filter is given in Fig. 18 (a) 
and (b) respectively. The measured s-parameter result is 
compared with the simulated one and illustrated in Fig. 19 
(a). The simulated and measures phase response is given in 
Fig. 19 (b). The dissimilarity between simulated and 
measured S-parameter result may be due to the fabrication 
error. There is also a delay between simulated and measured 
response, which is because of the SMA connector length and 
could not be calibrated exactly. 

 
   
  
   (a) 
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(b) 

FIGURE 18.  Photograph of the structure of (a) top plane and (b) ground 
plane. 

a) 

 

(b) 

FIGURE 19.  (a) Comparison of simulated and measured s-parameter 
results, (b) comparison of simulated and measured phase response. 

 

IV. COMPARATIVE STUDIES 
Fig. 20 shows a comparison of the transmission coefficients 
of top plane defect (DMS), ground plane defect (DGS) and 
combined defect (DGS-DMS). In this figure it is inevitable 
that combination of two bandstop filters provided by 
proposed spiral microstrip defect resonator and hexagon head 
DGS yields a lowpass filter with improved rejection band. 
The comparison study is also shown in terms of data in Table 
II. It is showing the different parameters of the individual 
filter responses of proposed spiral defect resonator and the 
hexagon head DGS separately along with the combination of 
the spiral defect resonator and the hexagon head DGS filter 
response.   The following Table III shows the comparison of 
proposed filters with the existing literature available. 
 

 
FIGURE 20.  Comparison of simulated s-parameter results of spiral defect, 
hexagonal defect at round and combination of these to defects. 

 

TABLE II. Comparison of Individual defects with proposed combined defects. 

Defect 
type 

fc 
(GHz) 

fr 
(GHz) 

FBW 
(%) 

SF 
(dB/ 
GHz) 

IL 
(dB
) 

Spiral 
defect 

2.8- 
3.3, 
5.5- 
6.3 

3.1, 
5.8 

2.3, 
1.7 

55.6,76
.8 

0.3 

Hexagonal 
head 
dumbbell 
shaped 
defects 

2.9, 
5.8   

3.8, 
5.03 

39.08 33.4 0.5 

Combined 
defects 

2.97, 
9.68   

3.3,4.
4,5.1,
6.3 

92.6 64.6 0.5
4 
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TABLE III. Comparison of proposed filter with existing works. 

Referenc
es  

Size 
(λg2)  

Sharpness 
factor 
(dB/GHz) 

Stopb
and 
(GHz
) 

Rejec
tion 
(dB) 

[19]  0.005 19 8.58 -20 
[20] 0.094 11.5 2  
[21]  0.005 60  1 -23 
[22]  0.062 230.8 1.8 -20 
proposed 
Filter 
combine
d filter 

0.065 112.5  3.83 -23 

V. CONCLUSION 
In this paper it can be clearly seen that using the combined 
spiral top plane defects & hexagonal head ground plane 
defects, the stop band width is increased from dual narrow 
band response to the wide band response of 4.2GHz with 
attenuation of -19dB. The proposed combined defect filter 
with improved stopband displays 92.6% FBW and 112.5 
dB/GHz sharpness factor with very compact in size as 0.26 
λ0 × 0.25 λ0.  
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