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Abstract 
 
In this paper, a sustainable wideband Interdigital Band-pass Filter (IDBPF) is 

proposed with enhanced bandwidth characteristics. The filter is fabricated on 

0.4 mm height FR4 substrate with seven resonators, and each resonator is 

shorted via and the ground plane defects with a dumbbell-shaped structure. 

The proposed compact IDBPF is printed with dimensions of 16.962 17 

mm
2
. This simulation result shows a 1.5GHz passband from 1.75GHz and 

3.25 GHz, and its measured results are having 1.3 GHz bandwidth 

from1.8GHz to 3.1GHz at 2.45GHz centre frequency, and the response is 

almost stable in the past and stops bands which show the sustainability. The 

fabricated filter results are very satisfactory than simulated. It's sustainable 

wideband characteristics are useful in the s band applications such as WLAN 

and Wi-Fi. Its in-band IL (S12) and RL (S11) are - 3.68dB & 13.93 dB. It 

has a 53% fractional bandwidth (FBW) that shows wider band operation, and 

passband shows its applications are in s band.  

 
Keywords: Interdigital Filter, Band Pass Filter, DGS, Vias, Resonators, 

Group delay 
 

1 Introduction 

With globalization, the need for wireless communication more to share data 

remotely, even for small distances. All these modern electronic wireless 

communication systems have an R.F. stage that consists of an antenna, low 
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noise amplifier, filters etc. Filters are used in R.F. communications used to 

pass the selected band of signals, so they play an important role in signal 

selection communication systems. Large bandwidths preferred to include 

more applications, particularly in applications such as WALAN and Wi-Fi 

and other short distance communication applications are in the s- band. 

Filters with good performance, satisfactory specifications, compact size, and 

low cost have attracted many communication designers' attention and 

become a hot research area. In this regard, Microstrip lines' usage is more 

popular with their compactness, easy fabrication, and economy. The 

microstrip filter structures are commonly used in R.F. communication 

operating in the 800 MHz to 30 GHz frequency range. The two most 

common types used filter is the parallel-coupled line filter and the interdigital 

filter. Coupled line filters suffer from cross-coupling with the increase in 

compactness. The interdigital filter structure consists of an array of parallel 

lines. The interdigital capacitor's design metrics elaborated by George L. 

Matthaei [1] from basic theory given in [2] by Pozar D.M. The exact theory 

of filter design is explained in [3] by R. J. Wenzel, in which the synthesis is 

based on a calculation of the impedance matrix that provides equivalent 

circuits. In early times, the transmission line filtering models are designed. 

They used the Signal interference technique to control the characteristic 

impedance of transmission lines for stopband rejections. The latest proposals 

used microstrip lines instead of stubs. The size can be reduced. 

Further to the modified structure, these coupled lines are easy to design 

filters and takes up less space. So by introducing the microstrip in the filter 

design improves compactness. Then the authors stated designing of different 

filters using microstrip lines based on coupled resonator structures using 

different substrates. A parallel-coupled method is proposed in [4], which 

shows the size and poor filter characteristics. But it shows the closeness of 

theoretical and practical design closeness. In [5], the author designed and 

simulated IDBPF on RT-DUROID substrate with 0.5 mm height. The 

analysis shows IDBPF mainly suffers from tuning. Fractal geometry is 

proposed, and simulation results are listed [6]. But the fractal structures are 

more complex and larger also. The paper [7] presents the design and 

implementation of a quarter wavelengths UWB bandpass filter with two 

shunt stubs and two squared pads. 

There is an interesting work carried by Mukesh Kumar Khandelwal. In 

his research article [8], he showed that using discreet ground structures 

allows wideband operation required in many applications. The filter 

characteristics such as sharpness factor, selectivity can be improved with 

dumbbell-shaped DGS. Further, the wideband band with better stopband 

characteristics are also obtained with short-circuited resonators. Providing 

valves, also called vias, the resonator becomes a short-circuited transmission 

line at one end of the resonator. The effect of adding vias and stubs is to get 

multiple, and wideband operation is discussed widely in [9, 10]. In[11], the 

author used DGS along with valves to give better filter characteristics and 

additional strip lines used as a bypass to create load coupling to the source to 

improve filtering performance. [12-13] shows that by providing slots, an 

adjustable bandwidth with improved stopband characteristics can in the 

design of interdigital capacitor coupled line structures. Composite right/ 
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left-handed transmission line structures are used in [14] to improve 

bandwidth, filter characteristics along with group delay.  

From the above literature, the interdigital structure is very useful because 

of its features such as compact structures, the large spacing between 

resonator elements; the second passband is centred at three times the centre 

frequency of the first passband. In this paper, an Interdigital filter for S-band 

applications is proposed; the work divided into four sections. The first 

section outlines the motivation for the work and literature survey [15]. The 

second section outlines the design and Modeling procedure. Simulated 

results, comparison of simulated with measured results and other discussions 

are made in the third section. Finally, the paper is concluded in the fourth 

section. In this paper [16], an interdigital bandpass filter designed and 

simulated using commercial simulation software ANSYS-HFSS. The filter is 

fabricated on an FR4 substrate of dielectric constant, εr = 4.4 and the height 

of the substrate is 0.4 millimetre (mm)  

 

2  Design Process and Modeling 
 

The basic inter digital consist of n-parallel coupled resonators with 

alternate shorting in one end. The input may centre tapped or tapped near 

shorted/ open end. The structure is shown in Fig.1 is centre tapped 

interdigital input filter  

 

 
Fig.1.Schematic structure of n-pole Interdigital configuration 

 

The design technique presented here is based on the procedure for 

parallel-coupled filters described [17]. This work contains tables for 

normalized coupling and normalized loaded Q values. A microstrip quarter-

wavelength's topology consists of a microstrip line with one end open and the 

other end shorted to the ground through a metallic via hole. This resonator 

can be regarded as a short-circuited transmission line of length λ/4. The input 

impedance of a shorted line of length l is 
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Where α and β are attenuations and phase constants, Z0 is the characteristic 

impedance.   

By taking low dielectric loss substrate, better quality factor (Q) achieved 

with a quarter-wavelength line. The unloaded quality factor obtained as 

    
 

  
with the resonance condition    

 

  
. Based on the low-pass filter 

prototype, the coupling coefficient can be given as 
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√(   )

√             
)         (2) 

 

Where h is the filter ratio constant (0< h<1), also called admittance 

scaling factor, Zn resonator impedance, gn is the filter component value, ωnorm 

is the normalized Frequency.  

As shown in Fig.1, it consists of an array of n coupled line resonators, 

with ⋋/4 electrical length at the mid-band Frequency and is short-circuited at 

one end open-circuited at another end with alternative orientations. The fields 

fringing between adjacent line resonators provide coupling. Spacing Si,i+1, 

separates the line resonators. The design steps for an interdigital bandpass 

filter with tapped input/output lines will start by calculating electrical length 

  for a bandwidth (B.W.) using  

 

  
 

 
(  
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Yi, i+1calculated by using 
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Where gi, gi+1 are element values of ladder-type low pass prototype 

filter with normalized Frequency ωc=1 

For symmetrical IDBPF, all microstrip resonators has equal widths 

Wi = W for 0<i< n+1. Z1=1/Y1 calculates input impedance. The width 

of the microstrip line can be calculated using 
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εr is the dielectric constant of the substrate,  

h is the thickness of the substrate.  

The short-circuited end of the resonator has its electrical length of 

  t is obtained using the relation  
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At a very high frequency, the electrical length is low; the above equation 

can be  
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After finding the width and spacing of the resonator, its equivalent length 

li will be obtained using  
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 goiis guided wavelength and  is given  by 
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    is an effective dielectric constant given by 
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The design parameters are obtained using the above equations and the 

value of    =0.3 for i >1 and can be neglected otherwise. 

The order of the filter is n=7 calculated from the filter design book [18]. 

The 7th order filter with Chebyshev response can be given as g0=g8=1, 

g1=g7=1.1811, g2=g6=1.422, g3=g5=2.0966, g4=1.573. The filter centre 

frequency is 2.4 GHz. The substrate used is FR4. With εr =4.4, thickness 

0.4mm and loss tangent tan δ =0.02. The design of the interdigital bandpass 

filter (IDBPF) and its characteristics are analyzed using ANSYS HFSS. The 

7- pole IDBPF structure and HFSS model is shown in Figure 2 

 

 
 

 
(a) 
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    (b) 

Fig.2(a) 7-ploe Symmetrical IDBPF,  (b) HFSS model of 7-ploe IDBPF 

 

The copper strip line patches are placed on the substrate.   After 

optimization the geometry is given as: l1=l7= L=17mm, l2=l3=l4=l5=16.33 

mm, W=1.118 mm, S12= S67=0.2665 mm, S23= S56=0.3686 mm, S34= 

S45=0.3912 mm. The input 50 Ω feed line is W.P. =0.866mm will connect at 

the middle point if the resonator.  The Interdigital band pass filter (IDBPF) 

design model and its simulated results are shown in Fig.3.  
 

 
Fig.3. S11 & S12 of IDBPF (without via) 

 

The transmission characteristics (S11and S12) show that the interdigital 

filter structure suffers from poor stopband performance and low bandwidth. 

Stopband characteristics are improved with valve-like structures, called vias 

instead of short-circuiting, as shown in Fig.4. 

 

 
                  

Fig. 4 Strip resonator with via (a) Top view (b) Side view 
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Vias are used to provide an electrical (and thermal) connection between 

patch and ground. The dimensions of via show several parasitic effects that 

affect the electrical performance at microwave range, i.e., transmission 

characteristics of coupled resonators with shorted to ground through the via-

holes. The HFSS design model of IDBPF with vias and its simulation results 

shown in Fig.5. 
 

 
Fig.5. S11 & S12 of IDBPF (with via) 

 

Next is a wide band requirement. To get wideband, an idea is to increase 

the substrate's size height, but the filter size increases. Using defected ground 

structures (DGS) wide band can be obtained without increasing the filter size 

[19]. This work dumbbell-shaped DGS obtained by 'H' shaped ground 

etching; its equivalent is shown in Fig.6. 
 

 
Fig. 6. (a) DGS structure, (b) Equivalent of DGS structure. 

 

The elements Ld and Cd are calculated using the equations. 
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Where fc and f0 are the cutoffs and resonant Frequency of the stopband, 

respectively.  
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This structure shifts propagation of wave at a specific frequency in the 

microstrip line, which increases the passband frequency of filters. In this 

work, two rectangular 'H' shaped DGS are compared.  DGS (1) with a pair of 

'H' shaped ground etchings at both ports seven pole resonator. DGS (2) with 

two pairs of 'H' shaped ground etchings, one at both ports and the other is at 

the middle resonator [20]. Their transmission characteristics are shown in 

Figure 7, in which improved bandwidth from DGS (1) to DGS (2). However, 

there is some loss in the stopband. But still, it is maintained below -5dB due 

to choosing of the shape and size of DGS 

 

 
 
 

Fig. 7.(a) S11 & S12 of IDBPF (via & DGS (1)), (b)S11 & S12 of IDBPF (via & DGS (2)) 

 

 The proposed model is fabricated on the FR4 substrate and 

measured the s parameters. The prototype and measurement setup is 

shown in Fig.8.  

 
 
                     (a)                 
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                                                    (b)  

Fig.8. (a) Measurement setup, top and bottom view of proposed IDBPF 

(b) Measured and simulated S11 & S12 of IDBPF 
 

3 Results and Discussion 
 

After consolidating all simulation results in the same graph is shown in 

Fig.9(a). It says, among all, an IDBPF with via and DGS (2) better 

performance. Another interesting comparison is made with the substrate's 

thickness to support the filter's compactness and simulated results in Fig. 

9(b). It says the FR4 substrate with 0.4mm thicknesses giving better 

transmission characteristics. The group-delay variation is shown in Fig. 10. 

The proposed IDBPF is printed with dimensions of 16.962 17 mm
2
. By 

these dimensions, one can treat it as a compact filter in this frequency range. 

These simulation results are shown in Fig.7(b), has 1.5GHz passband from 

1.75GHz and 3.25 GHz, and its measured results are shown in Fig.8 (b)are 

having 1.3 GHz bandwidth from1.8GHz to 3.1GHz at 2.45GHz centre 

frequency and has  53% fractional bandwidth (FBW) that shows the large 

and sustainable bandwidth. The fabricated filter results are very satisfactory 

than simulated. Its wideband characteristics are useful in the s band 

applications such as WLAN and Wi-Fi. Its in-band IL (S12) and RL (S11) 

are - 3.68dB & 13.93 dB.  

 
 (a) 
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(b) 

Fig.9. (a) S11 & S12 of IDBPF with different Topologies, 

(b) S11 & S12 of IDBPF with different Substrate heights 

 

 
Fig. 10.Group delay Vs Frequency 

 

 Fig.11. shows the measured and simulated group-delay results, and it is 

2.12 nanoseconds (ns). A deviation of 0.4 ns, when compared to simulated 

results. This is due to variation from ideal to practical measurement.  

 
Fig.11. Measured and simulated Group-delay of IDB Vs 
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4 Conclusion 
 

In this work, the seventh order symmetrical coupled line interdigital filter 

is designed and simulated using E.M. tool HFSS. The final simulated model 

is fabricated on the FR4 substrate, and the measured results are measured. 

The simulated and measured results are in good agreement. Its planar 

structure and compact size suit the modern microwave circuits and s-band 

communication applications, especially for WLAN and Wi-Fi. Further, this 

work can be extended for the design of filtenna, rectenna and other mobile 

applications. 
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