
  

  
Abstract—In this paper, a new compact dual band-reject 

C-shaped defected ground structure (DGS) for microstrip line is 
introduced. Using two units of the same shaped DGS with 
different dimensions, a dual band-stop filter is designed and 
implemented. Results show that there are two parallel 
resonance frequencies at 2.468 GHz and 6.629 GHz with a very 
high Q-factor. The frequency characteristics of the proposed 
filter could be controlled by adjusting the DGS parameters such 
as width and length of both C-shaped patterns. Also, the 
distance between the two DGS structure could be adjusted for 
the required frequency characteristics. The proposed DGS 
provides Q-factor of more than 50 with attenuation of at least 20 
dB at the resonant frequencies. The new introduced DGS filter 
is successfully designed and fabricated and the measured results 
are in a very good agreement with those obtained by numerical 
investigation. 
 

Index Terms—Defected ground structure (DGS), dual 
bandreject filter, Q factor.  
 

I. INTRODUCTION 
Defected Ground Structures (DGSs) was introduced by J. I. 

Park et al in 1999. These novel structures which found on 
Photonic Band-gaps (PBGs), could be applied in design of 
microwave planner circuits such as filters. The most 
important feature of DGS structures is compatible with 
monolithic Microwave Integrated Circuits (MICs) and also 
planner mirostrip antennas [1]-[3]. 

The grounding current distribution of a mirostrip circuit 
could significantly changed by a periodic or a non-periodic 
etching of a patterned ground structure leading to altering the 
transmission line parameters and so, controlling the 
frequency response of the circuits. Traditional PBG 
structures utilize periodical array of cells, while DGSs use 
only one defected pattern providing band-reject or band-pass 
characteristics. In turn, DGSs are compact, small in size and 
adapt to miniaturizing of planner microwave circuits. 
Moreover, DGS structures can be modeled by simple 
resonant circuits and so their parameter extraction is simple, 
offering advantageous in the design of microwave and 
millimeter-wave circuits [4]-[11]. 

In this paper, a new dual C-shaped DGS filter is introduced. 
The proposed filter provides two parallel resonance 
frequencies at 2.4 GHz and 6.7 GHz. At both frequencies the 
obtained band-stop bandwidth is low, leading to a measured 
Q-factor of 65 at first resonance and 61.3 at the second one. 
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II. DUALL BAND-REJECT DGS FILTER  STRUCTURE 
The 3-D of the proposed is shown in Fig. 1. The DGS filter 

consists of two C-shaped patterned ground structure with 
different dimensions resonating at two distinct frequencies. 
3-D view of the proposed filter is shown in Fig 1-a. Also, the 
unit cell of the structure with defined cell dimensions is 
shown in Fig 1-b. All details of the cell sizes are summarized 
in Table 1. The line width is chosen for the microstrip line 
impedance of 50 Ω. RF-35 PC-board with a relative dielectric 
constant of 3.5 and thickness of 60-mil, 1.524 mm, is used as 
the substrate of the microstrip structure and PC-board size is 
30×40 mm2. 

 

(a) 

 
(b) 

Fig. 1. Geometry of the proposed C-Shaped DGS filter:, a) 3-D view, b) unit 
cell. 

 

III. SIMULATION RESULTS  
The proposed filter under investigation is numerically 

examined using HFSS. First, different cells are considered, 
their return loss and forward transmission are carried out. For 
the first cell, S11 and S12 are plotted in Fig. 2 versus frequency. 
It can be seen that resonance frequency is at 2.42 GHz with 
rejection bandwidth of 20 MHz. The simulated Q-factor of 
this cell is 121. 

The second cell is going to have rejection characteristics at 
5.7 GHz. The dimensions of the first cell are changed and 

Novel Dual Band-Reject Microwave Filter Using 
C-Shaped Defected Ground Structures 

Mostafa Attaran Kakhki and Mohammad H. Neshati 

International Journal of Computer and Electrical Engineering, Vol. 4, No. 6, December 2012

948



  

optimized having an acceptable high Q-factor at the second 
resonance frequency.  The results are summarized in Table 1. 
Fig. 3 shows S11 and S12 versus frequency. It can be seen that 
band-rejection property of 31 dB at 5.69 GHz is provided by 
3-dB bandwidth of 36 MHz and Q- factor at this resonance is 
158.  

 

(a) 

 
(b) 

Fig. 2. S-parameters of first C-shaped DGS cell 1: a) form 1 GHz to 10 GHz, 
b) around resonance frequency. 

 

 
(a) 

 
(b) 

Fig. 3. S-parameters of first C-shaped DGS cell 2: a) form 2 GHz to 10 GHz, 
b) around resonance frequency. 

TABLE I: CELL DIMENSIONS OF THE DUAL C-SHAPED DGS FILTER 
 (ALL DIMENSION IN MM) 

cell 1 (2.4 GHz) cell 2 (5.7 GHz)
A 0.2 0.2 
B 1 1 
C 14.2 3.4 
D 0.2 0.2 
G 0.2 0.2 
H 3 2.5 

 

 
(a) 

 
(b) 

  
(c) 

Fig. 4. S-parameters  of dual band-reject C-shaped DGS: a) form 1GHz to 
7GHz, b) around the first resonance, c) around the second resonance. 

 

IV. DUAL BAND REJECT DGS FILTER DESIGN 
To obtain a dual band-reject filter, two C-shaped DGSs 

designed in previous section are placed in cascade as shown 
in Fig. 1-a.  The rejection characteristics of the dual-band 
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filter are not only depending on the dimensions of the each 
cell, but also the distance between the two cells affects the 
frequency response of the filter.  

First of all, the distance between the two cells was set to  
δ=1.9 mm and filter was examined by HFSS. Fig. 4-a  shows 
the S-parameters of the DGS structure. The detailed 
frequency response around the two resonances is plotted in 
Fig. 4-b and Fig. 4-c. It can be seen that the two resonance 
frequencies are at 2.507 GHz and 5.808 GHz. Cascading the 
cells causes that resonance frequency of individual cells 
changes from 2.42 GHz and 5.69 GHz to the new resonance 
frequencies of 2.507 GHz and 5.808 GHz respectively. As 
the frequency shift is not too much, it can be concluded that 
resonance frequencies can be controlled independently by 
adjusting the size of each DGS cell. 

Moreover, a parametric study was carried out and 
S-parameter of the dual cell C-shaped DGS filter was 
numerically investigated versusδ, the distance between the 
two cells. The simulation results of S-parameters for various 
δ from 1.4 mm to 2.9 mm with 0.5 mm steps are shown in Fig. 
5. It can be concluded that increasing the distance between 
cells lead to lowering resonance frequency and rejection 
bandwidth of the first resonant frequency. For the second 
resonant frequency, increasing δ foe mentioned range of 
variation; resonance frequency is decreased, while no 
significant changes can be seen in rejection bandwidth.  

 
Fig. 5. S-parameters  of dual band-reject C-shaped DGS: a) form 1GHz to 

7GHz, b) around the first resonance, c) around the second resonance. 
 

V. EXPERIMENTAL RESULTS OF DUAL BANDGAP FILTER 
To verify the simulation results, the proposed filter was 

implemented and S-parameters have been measure using 
HP8510 network analyzer. The dimensions of the cells are 
shown in Table 1 and the distance between cells is set to 1.9 
mm. Fig. 6 shows bottom view of the fabricated filter. 

In Fig. 7-a. measured S11 and S12 are plotted versus 
frequency. It can be seen that the filter not only exhibits a 
slow wave characteristic with low insertion loss, but also 
provides a sharp frequency response at stop-band. Return 
loss is less than -17 dB over the flat pass-band. 

Two resonance frequencies are at 2.42 GHz and 6.65 GHz. 
At the first resonant, rejection bandwidth is 38 MHz with a 
Q-factor of 65 nearly half of the simulation results. The 
rejection bandwidth is 108 MHz with a Q-factor of 61.3 for 
the second resonant. 

 

 
Fig. 6. Bottom view of the fabricated filter. 

 

     
(a) 

 
(b) 

   
(c) 

Fig. 7. Measured S-parameters of the fabricated filter:  a) form 1.5 GHz to 
7.5GHz, b) around the first resonance, c) around the second resonance. 
 
Both rejection bandwidths have very sharp cutoff 

frequency response. The suppression for the first resonance 
frequency is approximately 22 dB, while for the second 
resonant frequency; the suppression is around 19 dB. Apart 
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from an error for the second resonance frequency, other 
measured are agree well with simulation results. It is said this 
is mainly due to t, the finite size of ground, tolerances of cells 
dimensions and also one cell is fabricated near the measured 
port. 

 

VI. CONCLUSION 
In this paper, a novel miniature dual C-shaped DGSs with 

improved Q-factor have been introduced. The proposed filter 
is numerically investigated by HFSS. By adjusting the 
distance between the cells, two measured resonance 
frequency at 2.42 GHz and 6.65 GHz is obtained. The first 
resonance exhibits a Q-factor of 65 while the second 
resonance Q-factor is 63.1. The attenuation of the two 
resonance frequencies are -22 dB and -20 dB respectively. 
Apart from an error in measuring the second resonance 
frequency, other measured parameters agree well with those 
obtained by simulation. Providing an acceptable attenuation 
around the resonance frequencies, the proposed dual 
band-reject filter has small size and narrow band width and 
also has multi-band rejection property. This kind of filter 
should be used in the design of microwave circuits, antenna 
arrays, where suppression of multiple frequency bands and 
miniaturization of the circuits are needed. 
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