
AN IMPROVED LOW PASS FILTER USING MICROSTRIP DEFECTED GROUND 
STRUCTURE 

 
Mrinal Kanti Mandal(1) and Subrata Sanyal(2) 

 
Department of Electronics & Electrical Communication Engineering 

Indian Institute of Technology, Kharagpur-721302, India. 
#Ph-:03222-278082; TELEFAX: 03222-282299 

(1)                mri_mndl@yahoo.com 
(2) ssanyal@ece.iitkgp.ernet.in 

 
Abstract – Defected ground structures (DGS) are of increasing importance in filter applications. We use the square head slots 
with certain parametric variations as the unit cell to design an improved low pass filter (LPF). The effect of variation of square 
head separation has been studied. Full wave simulator, IE3D has been used. The measured results show that the designed LPF 
has a cutoff frequency of 1.75 GHz and a rejection of at least 30 dB for over 8 GHz. 
 
 

I. INTRODUCTION 
 
Defected ground structures (DGS) are of increasing importance in filter applications [1-3]. They can be used to design compact 
filters keeping the performances better than conventional filters. A variety of slot geometry etched in the ground plane of the 
microstrip line has been reported in the literature [2]. D. Ahn et. al designed a low pass filter (LPF) of very wide stopband using 
square head slots [1]. Rahman et. al showed that arrowhead slots give rise to sharper cutoff at the cost of decreased stop-
bandwidth [2].  
Here, we use the same square head geometry but with some parametric variation for still better LPF characteristics.    
  
 

                                  
Fig. 1.  Unit Defective ground structure.    Fig. 2.  Equivalent circuit for the unit DGS. 
 
 

                      
Fig. 3.  Variation of resonance frequency    Fig. 4. Simulated S- parameters for different  
with square head separation, D    separations, D. 



II. FREQUENCY  CHARACTERISTICS  OF  UNIT  DGS 
 
The basic structure is shown in Fig. 1. This single defect can produce an attenuation pole and cutoff. The effect of varying the 
square head area and the slot width (W1) are studied in reference [1]. It was shown that a parallel resonance circuit in series 
with the transmission line could represent the defect [Fig. 2]. Here, we study the effect of variation of square head separation; D. 
Method of moment based full wave simulating software IE3DTM has been used. The substrate used was 1.6 mm thick FR4 
having dielectric constant, Єr = 4.3.   
 
The position of the square slots (D) has also finite effect on the DGS characteristics. The variation of the resonance frequency 
with varying D is shown in Fig. 3. It is observed that the resonance frequency decreases almost linearly with increasing D. In 
Fig. 4 the simulated S- parameters for three different D are compared. The cutoff frequency does not vary much with increasing 
D, but the resonance frequency decreases indicating the increment of the effective capacitance, Cp. For maximum loading, a 
maximum value of D is required. 
 
 

III.  THE  IMPROVED  LPF 
 
A LPF with cutoff at 1.75 GHz was designed. The lengths of the narrow slots, L and their spacing, S [Fig. 5] have been varied 
to obtain superior filter characteristics. For a symmetric structure the number of unit cell must necessarily be odd. However, the 
larger number of unit cells having different lengths results in improved transmission/reflection performance at the cost of 
increased filter area. As a compromise the number of cells chosen was five. 
The LPF parameters are listed in table-I. The filter was implemented on an inexpensive FR4 substrate (Єr = 4.3, h = 1.6 mm). 
Filter measurements were carried out using an Agilent 8510C network analyzer system, and are compared with our simulated 
results and also with those of [2] in Fig. 6. The measured results show good agreements with the simulated results. 
 

 
 

                       Fig. 5a.  Top view of the LPF     Fig. 5b.  Bottom view of the LPF 
 
 
 

TABLE – I 
 
The LPF physical and normalized parameters, normalized with respect to the guided wavelength (λg) value at the LPF cutoff 
frequency. 

 Physical length [mm] Normalized length [λg] 
W1 1.0 0.0121 
W2 3.1 0.0375 
S 10.0 0.1210 
L 18.1, 27.4, 41.2, 27.4, 18.1 0.2189, 0.3314, 0.4989, 0.3314, 0.2189 
D 10.1, 19.4, 33.2, 19.4, 10.1 0.1222, 0.2347, 0.4016, 0.2347, 0.1222 
Ls 40.0 0.4839 
Ws 5.0 0.0605 



 
 
Fig. 6.  Performance comparison of the designed LPF. 
 
 

IV. CONCLUSIONS 
 
We have modified the defected ground plane structure to significantly improve the LPF characteristics. The 15 dB rejection 
stopband obtained with our filter is 8 GHz (simulated) as compared to about 3.5 GHz reported in [2]. In fact our measured 
response shows a vast improvement, namely, a rejection of at least 30 dB for over 8 GHz. However, this improvement in 
measured response over our simulations can be attributed to the increasing substrate losses at higher frequencies that were not 
incorporated in our simulations. 
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