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Abstract 

 
 This paper presents design of a defected ground structure coupled miniaturized dual-mode bandpass filter 
realized using a square patch. Two slots orthogonal to each other are cut on the patch to increase the path length of 
the fundamental mode while keeping the second mode current path almost unaffected. An inclined aperture cut on 
the ground plane right beneath the center of the patch is used to couple the two degenerate modes of the patch. The 
measured filter has a 3 dB fractional bandwidth of 21.7 % at 1.29 GHz. It’s 58% smaller than a square patch filter. 
 

1. Introduction 
 
 Dual-mode bandpass filters have received considerable research interest since Wolff published work on dual-
mode ring bandpass filter in 1972 [1]. They have become popular because space required by dual mode filters is half 
of that required by single-mode filters. Both ring and patch geometries have been used to design the dual-mode 
bandpass filters [2-9]. It has been possible to miniaturize the filters based on both the geometries. The ring based 
filters have been miniaturized either by meandering [2] or by loading the ring [3, 4]. To miniaturize the patch 
bandpass filters, patches are defected either by cutting slots or by digging holes [5-8]. In all the dual-mode bandpass 
filters, coupling between the degenerate modes of the resonator has been provided by creating a perturbation 
element in the resonator at a symmetric location relative to the two orthogonal feeds. The perturbation elements 
have been either a cut on the patch or an additional small patch added to the ring. In [9], a dual-mode bandpass patch 
filter excited by a photonic band gap (PBG) structure is reported. A defect is introduced in the PBG to increase the 
coupling between the degenerate modes of the square patch. The patch, however, is left intact.  
 
 In this paper, we report the design of a dual-mode bandpass filter realized using a square patch. The patch has 
two orthogonal slots created on it to reduce the resonance frequency of the fundamental mode. A novel idea of an 
aperture on the ground plane right below the patch has been used to introduce the coupling between the two 
degenerate modes of the resonator. 
 

2. Filter Configuration 
 
 Fig. 1(a) shows a square patch of dimension 36 mm ×  36 mm with two orthogonal slots on an FR4 substrate 
of thickness 1.5875 mm, dielectric constant of 4.3 and loss tangent of 0.01. Fig. 1(b) shows defected ground 
structure (DGS) beneath the patch. The dimension of the aperture on the ground plane is 5 mm  30 mm. The slots 
on the patch have been oriented either parallel or perpendicular to the patch edges. This type of orientation increases 
the fundamental current path length while keeping the second higher order mode current path length almost 
unaffected [5]. This results in wide harmonic separation. Slots oriented along diagonal of a square patch bring down 
the resonance frequencies of both the fundamental and second order harmonic [6, 7]. From Fig. 2(a) and Fig. 2(b), 
the effect of slot orientation on the resonance frequencies can be easily explained. To couple the two degenerate 
modes of the slotted patch resonator, an inclined aperture is cut on the ground plane right underneath the slotted 
patch. The aperture is oriented along diagonal AC of the patch. This orientation gives rise to two attenuation poles, 
which do not exist if the aperture is directed along diagonal BD.  
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   (a)      (b) 
Fig. 1 Final configuration of the proposed filter: (a) the patch resonator with crossed slots, (b) ground plane 
with inclined coupling aperture. 

 

 
 

(a) (b) 
Fig. 2 Simulated current distribution on a square patch without any slot: (a) the fundamental mode current, (b) 
the second higher order mode current. 

3. DGS Coupled Miniaturized Dual-Mode Patch Filter 
 

 The proposed filter was designed and simulated using CST-Microwave Studio 2006 [10] on an FR4 substrate 
of thickness 1.5875 mm. The final configuration of the filter is shown in Fig. 1. The values of the various parameters 
shown in Fig 1 and used in the final filter configuration are: a = 36 mm, L = 34 mm, W = 0.5 mm, W50 = 3.1 mm, 
La = 30 mm and Wa = 5 mm, length of the ground, Lg = 80 mm. Fig. 3(a) shows the variation of the coupling 
coefficient and Fig. 3(b) shows variation of the resonance frequency the two degenerate modes of the slotted patch 
with the variation in the length of the aperture for its fixed width of 5 mm. Fig 4(a) shows the measured and 
simulated results of the filter near the passband and Fig 4(b) shows the broadband results. The proposed filter has a 3 
dB simulation fractional bandwidth of 21.8% and measured bandwidth of 21.7% at center frequency of 1.29GHz. 
The minimum simulated and measured passband insertion losses are 0.81 dB and 1.27 dB respectively. The 
simulated and measured return losses are better than 13.76 dB and 13.30 dB respectively. Filter has two measured 
attenuation poles of dip better than 31 dB at 0.993 GHz and 1.62 GHz. The second measured passband occurs at 
3.47 GHz, which is 2.7 times of the fundamental passband center frequency of 1.29 GHz. The filter is 58% smaller 
compared to a square patch filter. The fabricated filter is shown in Fig. 5(a) and Fig. 5(b). 
 



 
 

(a) (b) 
Fig. 3 For an inclined ground aperture of width 5 mm, effect of its length on: (a) coupling between the two 
degenerate modes, (b) on the resonance frequencies of the two modes.  

 

 
 

   (a)      (b) 
Fig. 4 Measured and simulated frequency response of the proposed filter: (a) narrow band response, (b) 
wideband response. 

 

 
 

  (a)       (b) 
Fig. 5 Fabricated filter: (a) top side, (b) bottom side 



4. Conclusion 

 This paper presents a design of a DGS coupled d al-mode bandpass filter using a square patch resonator. 
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T rthogonal slots are created on the square patch to reduce the fundamental resonance frequency while keeping 
the second mode resonance location almost unchanged. This results in a wide harmonic separation with the second 
passband occurring at 2.7 times that of the fundamental frequency. An inclined aperture is created on the ground 
plane to increase the coupling between the two orthogonal modes of the patch. The aperture is oriented in such a 
direction that it gives rise to two attenuation poles of dip more than 31dB on either side of the passband resulting in 
sharp cutoff. 
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