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ABSTRACT 

 
A compact microstrip parallel coupled line filter for ultra wide band applications by means of 
combining a network of coupled line and defected ground is proposed. The design equations for three 
and five interconnected networks are derived and implemented. Simulations for three different 
configurations for filters are optimized. Then three prototype circuits are constructed, a bandpass filter 
with center frequency 2.25 GHz and two different bandpass filters (in terms of perturbations) with 
center frequencies 2.33GHz. For 2.25 GHz circuit wide fractional bandwidth of about 90% is obtained 
but undesired high return loss existed. For 2.33GHz circuit with grooves in sides fractional bandwidth 
of about 60% is obtained at about 3.4 GHz center frequency. However undesired return loss existed 
for this circuit whereas good out off band performance is achieved. For 2.33GHz circuit with grooves 
in whole sections the center frequency got shifted to about 3.4 GHz and about 50% fractional 
bandwidth is obtained with very good out off band performance observed. 
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1. INTRODUCTION 

 
In all microstrip directional filters, the main objective to achieve a broadband spectrum is to 
present a good passband performance with transmission power greater than -1 dB and reflected 
power less than -15 dB over the in-band frequencies. For a practical point of view a good 
frequency response can be achieved by selecting a very small value of strip gap and strip width 
for traditional coupler. Furthermore, filters out of band region behaviour also is of concern for 
design in terms of having suppressed harmonics. 

 
Abbosh presented and proposed design of planar bandpass filters with ultra-wideband behaviour 
which utilize broadside coupling between elliptical-shaped patches and having an elliptical slot 
located at the mid layer [1]. Using defected structures in the ground plane is suggested and 
proved useful by Velazguez-Ahumada et al. [2]. They proved that the spurious transmission 
band is suppressed with the use of floating strip conductors. Another suggestion to supress 
spurious response in microstrip parallel-coupled bandpass filters came from Moradian and 
Tayrani [3]. They suggested the use of grooved substrates. 
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This research is divided into three main subsections, firstly a theoretical design implication is 
shown, secondly simulation of the results using an electromagnetic software is done, and lastly 
some measurements of fabricated circuits are demonstrated. 

 
We introduce a modified three section parallel coupled line with the intention that improving the 
rejection in the out-of-band region by generating two transmission poles in terms of adjusting 
the ground aperture width and bringing out a broad out-of-band spectrum. Both in-band and 
stop-band performances are compared through implementing backside ground aperture and 
hence having floating line with slotted ground. 

 

2. THEORETICAL DESIGN 
 

In order to propose a feasible configuration mathematical theoretical design is implemented for 
parallel coupled lines. The scattering parameter equations for the multi-pole network can be 
derived using even and odd mode analysis. The general scattering parameters were derived by 
Mongia [4]. The interconnection of a two networks and derivation of the resultant S-parameters 
was done by Mohammed [5]. First, two interconnected transmission lines as shown in figure 1 
below is done:  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Interconnecting two section transmission line networks. 

 
By connecting the two tranmission lines we obtain the following resultant S parameters for the 
four port matrix,  

 
 
 
 
 

(1)  
 
 
 
 

 
where a denotes transmission scattering parameters for section I, b denotes coupled scattering 
parameters for section I, c denotes transmission scattering parameters for section II, d denotes 
coupled scattering parameters for section II. Similar approach is done by extending this idea to 
three subsections, considering the result of the above as one subsection and adding the other 
subsection as shown in Figure 2, we can obtain the resultant matrix in equation (2). 
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RES1 
 
 
 
 
 
 
 

 
Figure 2. Interconnecting three section transmission line networks.  

 
 
 
 
 
 
 
 
 

(2)  
 
 
 
 

 
Then we can extend the same idea to four subsections and then to five subsections. This can be 
found in our previous work and not shown in detail here [5]. 

 
2.1. Defected Ground Plane 

 
Defected Ground Plane is used for relaxing the tolerance of the strip width and the gap space for 
coupled line filters. It is exploited to provide tight coupling coefficient to be applied on mid-
section structure. 

 

3. CIRCUIT DESIGN 
 

Three prototype circuits were designed and simulated to verify the mathematical operations. The 
simulations were carried out for substrate Rogers [6] RO3210 (dielectric constant 10.8) with 
thickness 0.638mm and using copper as metallization layer using the Sonnet Lite [7] Software. 
The calculations based on equations were used and then simulator was used for optimization for 
better performance. 

 
3.1 First Prototype Circuit 

 
The first prototype of circuit is a three section coupler with defected ground plane at the bottom 
layer. The simulations were carried out and both transmission and reflection values were 
checked for optimization. The dimensions of the circuit and the response is indicated in Figures 
3 and 4 given below: 
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Figure 3. Circuit Layer and Defected Ground Layer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Simulation Response of Circuit (Three Section, defected ground layer). 

 
As it can be observed the center frequency was around 2.4 GHz and fractional bandwidth is 
equal to 113%. 

 
3.2 Second Prototype Circuit 

 
The second prototype circuit is a five section coupler and the initial design values rely on five 
section coupler derived earlier [5]. The complete structure with dimensions is shown in Figure 5 
below:  

 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Circuit Layer and Defected Ground Layer. 
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Figure 6. Simulation Response of Circuit (Five Section, defected ground layer). 

 
Here, defected ground structure was also used in simulation. The response is shown in Figure 6. 
Again the center frequency was 2.4 GHz and the fractional bandwidth was 115%. Out of band 
noise was clearly suppressed to about -18 dB. 

 
3.3 Third Prototype Circuit 

 
For the improvement for the out-of-band performance, similar to work of Marimuthu & Esa [8], 
using a rectangular groove on the center and side sections was done. This method aids to 
suppress the return loss to a lower value without causing any effect on the in-band transmission 
or reflection’s performance. The prototype was simulated upon the three section network. The 
design frequency was set to 2.4 GHz. The proposed and simulated circuit structure, and the 
simulation response are shown below in Figures 7 and 8.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Circuit Layer and Defected Ground Layer for Prototype III.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Simulation Response of Circuit (Three Section, grooves, defected ground layer). 
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As it can be seen in the simulation response very reliable in-band performance and out of band 
performance is obtained. 

 

4. FABRICATED CIRCUITS AND MEASUREMENTS 
 

Some prototype microstrip filters are designed and optimized using Sonnet Lite as explained in 
the previous section. In the final designs we fabricated and tested three different configurations. 
The central frequency was 2.25 GHz for Prototype I and it was 2.33 GHz for Prototypes II and  
III. The circuits were built on printed circuit boards KB-5152 which had dielectric constant 
value of 4.6. The simulations were redone and the circuit dimensions are scaled accordingly to 
compensate the dielectric change. Two boards were etched and fabricated one containing the 
circuit structure and one containing the defected ground plane. Anritsu MS4642A vector 
network analyzer [9] was used as a measuring device for the prototype circuits. Two port 
calibrations were performed by placing open, short and matched loads to the ports and then 
performing the thru and reflect calibrations. 

 
4.1 Fabricated Prototype II Circuit with Defected Ground Structure 

 
First, we fabricated a circuit with similar features to Simulation Prototype II, as described in 
section 3.2. We can see the fabricated five section center frequency 2.25 GHz circuit in Figure 
9. The response showing the simulation (indicated by letter s in the graph) and measurement is 
also indicated in Figure 10.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9. Photograph of Fabricated Prototype II Circuit.  

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. Measured and Simulated Response of Fabricated Prototype II Circuit. 
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For this circuit we observed about 133% bandwidth in terms of high insertion loss around -2dB 
was achieved in simulation. In the measurement, undesired return loss was observed over first 
half part on in-band spectrum, while the second half part seems to have better return loss around 
- 14.5dB. These results, to a certain extent, meet with the simulated behavior since obtaining a 
broader bandwidth and suppressing the second harmonic. Although the insertion loss value was 
low, we still observed the bandpass behaviour at about 2.25 GHz with about 90% fractional 
bandwidth. The second harmonic was supressed but the third harmonic with broad spectrum 
also existed with the insertion loss rising up to around -5dB. 

 
4.2 Fabricated Prototype III circuit (using grooves in side-sections) 

 
We fabricated a prototype III circuit which is a three section structure and placed small grooves 
on side sections only. The circuit is shown in Figure 11. The structure was measured directly by 
attaching the adapter’s male pin over each port. The measurement showing the comparison and 
simulation can be observed in Figure 12.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11. Photograph of Fabricated Prototype III Circuit (grooves in side sections).  

 
 
 
 
 
 
 
 
 
 
 

 
Figure 12. Measured and Simulated Response of Fabricated Prototype III Circuit. 

 
The center frequency got shifted to about 3.4 GHz and fractional bandwidth of about 60% was 
obtained. Undesired high return loss existed in the passband region. The cut-off band 
performance over the broad frequencies was very good. The undesired harmonics may be 
because of either non-stable port attachment during the measurement time or the ground 
structure not being aligned properly. 

 
4.3 Fabricated Prototype III (with grooves in side sections and middle section) 

 
We fabricated a prototype III circuit which is a three section structure and placed small grooves on 
side sections and also another groove in the middle section. This fabricated circuit has the same 
characteristics and dimensions as the circuit described in section 3.3. The fabricated circuits the main 
structure and the ground structure is shown in Figure 13. The circuit was measured in 
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similar conditions as the previous circuit and the simulated and measured responses are shown 
in Figure 14.  

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 13. Photograph of Fabricated Prototype III Circuit (grooves in all sections).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. Measured and Simulated Response of Fabricated Prototype III Circuit. 

 
In this case the frequency shift occurred again and the center frequency is at about 3.4 GHz with 
fractional bandwidth of about 50%. Also, again high return loss existed in the passband region. 
If we compare the result with the previous circuit in terms of simulations, the gaps between 
transmission poles were increased which attributed to raise the insertion loss deterioration for in-
band performance. The frequency of the transmission zeros within out-of-band spectrum were 
shifted up with a better performance. 

 

5. CONCLUSIONS 
 

In conclusion, first a theoretical work in the design was done and then simulations were done to 
verify the use of defected ground structure as well as adding perturbations (grooves) to the filter 
structures. Design simulations for three subsections configuration it is proven that, high 
fractional bandwidth can be obtained by setting the physical dimensions for side sections such a 
half of mid sections. Also, by using defected ground structure we can relax the tolerance of 
physical dimensions of strip width and strip gap. 

 
Adding a polygon groove to the side sections is suggested and it is noticed that in band behaviour is 
not influenced but better harmonic suppression is obtained. The second suggested change in 
prototype circuits was adding a polygon groove into the mid-section. A reasonable in-band 
performance is obtained based on applying the same design equations and defected ground plane 
pattern. 109.3% fractional bandwidth and –13.35 dB return loss was obtained in simulations while 
the higher frequencies are influenced by harmonics. The circuits which were built and measured 
suffered from high return loss in the passband regions, however about 90% fractional bandwidth was 
observed for the first built Prototype circuit at about 2.0 GHz center frequency  
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and about 50% to 60% bandwidth at 3.4 GHz center frequency was observed for the other 
prototype circuits. 

 
ACKNOWLEDGEMENTS 

 
The authors would like to thank Girne American University Microwave Engineering Laboratory 
for letting to use Anritsu MS4642A Network Analyzer in making the measurements.  
REFERENCES 

 
[1] A. M. Abbosh, 2007, ‘Planar Bandpass Filters for Ultra-Wideband Applications,’ IEEE 

Transactions on Microwave Theory and Techniques, vol. 55, no. 10, October 2007, pp. 2262-2269.  
[2] M. Velazquez-Ahumada, J. Martel, F. Medina, 2005, ‘Parallel Coupled Microstrip Filters with 

Floating Ground-Plane Conductor for Spurious-Band Suppression,’ IEEE Transactions on 
Microwave Theory and Techniques, vol. 53, no. 5, May 2005, pp. 1823-1828.  

[3] M. Moradian, M. Tayarani, 2008, ‘Spurious-Response Suppression in Microstrip Parallel-Coupled 
Bandpass Filters by Grooved Substrates,’ IEEE Transactions on Microwave Theory and 
Techniques, vol. 56, no. 7, July 2008, pp. 1707-1713.  

[4] R. Mongia, I. J. Bahl, P. Bhartia, 2007, RF and Microwave Coupled-Line Circuits, Norwood MA, 
Artech House.  

[5] Z. S. Mohammed, 2014, ‘Compact Microstrip Parallel Coupled Line Filter Design for Ultra-Wide 
Band Applications by Using Multi-Section Networks’, Master Thesis, Girne American University, 
Girne, May 2014. 

[6] Rogers Corporation,  https://www.rogerscorp.com/index.aspx 
[7] Sonnet Software, High Frequency Electromagnetic Software, www.sonnetsoftware.com  
[8] J. Marimuthu, M. Esa, 2006, ‘Equivalent J-Inverter Network Parameters Analysis and Cancellation 

of Spurious Response of Parallel Coupled Microstrip Line,’ International RF and Microwave 
Conference Proceedings, Septemeber 12-14, Putrajaya. Malaysia, pp 247-252.  

[9] Anritsu, MS4642A Vector Network Analyzer, http://www.anritsu.com/en-
US/Downloads/Brochures-Datasheets-and-Catalogs/Datasheet/DWL3510.aspx  

Authors 
 

Zana S. Mohammed received the BSc. Degree in Electrical Engineering from the University of 
Mosul, Mosul, Iraq, in 2004, the MSc. Degree in Electrical and Electronics Engineering from the 
Girne American University (GAU), Girne, Cyprus, in 2014. From 2006 to 2012, He was with 
Lafarge Company, His performance interests lie in programming and Data analysis. During 2013 to 
2014, he was teaching assistant in Girne American University. His current interests are development 
design theory of Microstrip band pass filter for UWB application.  

 
Sadık Ülker received the B.Sc., M.E. and Ph.D. degrees in Electrical Engineering from 
University of Virginia, Charlottesville, VA, USA, in 1996, 1999 and 2002 respectively. He 
worked in the UVA Microwaves and Semiconductor Devices Laboratory between 1996 and   
2001 as a research assistant. During this time he worked in projects supported by DARPA 
(Defence Army Research Project Agency), NSF (National Science Foundation) and Virginia  
Diodes Semiconductor Company. Later he worked in UVA Microwaves Lab as a Research Associate for one 
year again in projects supported by DARPA. He joined Girne American University, Girne, Cyprus in September 
2002. He was a member of Electrical and Electronics Engineering Department as an Assistant Professor until 
2009. In 2009, he was promoted to the Associate Professor status and he was the vice-rector of the Girne 
American University responsible from academic affairs between 2009 and 2014. In February 2013, Sadik Ulker 
was promoted to Professor status in the Electrical Engineering Department. He was Acting Rector of Girne 
American University between the dates August 2014 to May 2015. Between the dates May 2015 till September 
2015 he was the Rector of Girne American University. Since October 2015, he has been working in the 
Electrical and Electronics Engineering department of European University of Lefke, Cyprus. His research 
interests include Microwave Active Circuits, Numerical Methods, and Metaheuristic Algorithms and their 
applications to design problems. He has authored and co-authored technical publications in the areas of 
submillimeter wavelength measurements and particle swarm optimization technique. He is a member of IEEE 
for 20 years and Eta Kappa Nu Electrical Engineering Honor Society since 1995. He is also the recipient of 
Louis T. Rader Chairpersons award in 2001. 

 
39 


