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Abstract—In this paper design and simulation of a tapped input microwave hairpin filter has been presented. The filter 

is designed for center frequency of 2.8 GHz. The proposed filter has a bandwidth of 390 MHz. It is found that the filter is 

giving return loss of -25dB. The 2.8 GHz frequency is covered by microwave S-band which have applications in 

surveillance radar, surface radar, and satellite communication. The proposed filter is suitable for radar applications due 

to its compactness. The filter is of 12 X 20mm size and works in a single band mode. The design steps are given to 

determine the filter dimensions. 

Index Terms— Microstrip line, bandpass filter, Hairpin filter, S-band application, Microwave filter, Distributed system 

——————————      —————————— 
 
 

1. INTRODUCTION 

Band pass filters are necessary part of any Communication 
and signal processing system. It is also an essential part of 
superhetrodyne receivers which are presently used in many 
radio frequency communication applications. The discrete 
components are exchanged by transmission lines at 
microwave frequencies [1]. The microstrip finds its role in 
low power applications. The proposed Paper describes the 
designing of a microwave band pass filter using microstrips. 
There are many techniques by which a microstrip filter can 
be designed. In this paper a fifth order chebyshev hairpin 
bandpass filter is designed.  
 

2. DESIGN METHODOLOGY 

Hairpin filter are one of the most commonly used filter in 
many microwave applications. The concept of hairpin filter 
designing is based on parallel coupled half wavelength 
resonator filters [2].  The major advantage of hairpin filter is 
its low space employment compared to parallel coupled and 
end coupled microstrip filters. In hairpin structure, the half 
wavelength long resonators are folded in U-shape hence the 
overall space is saved. This design is simpler than other 
microwave filters.  
The mutual coupling coefficient is Mi, i+1, between two 
resonators and Qei and Qeo  are the quality 1factor at the 
input and output respectively. These are the design 
parameters for the hairpin filter and can be determined as 
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The proposed filter is designed for a fractional bandwidth 
equals to 20% or FBW = 0.2 at a center frequency f0 = 2.8 GHz. 
For this filter a three pole Chebyshev lowpass prototype is 
chosen.  The passband ripple of 0.5 dB is selected. For a given 
normalized lowpass cutoff frequency, the low pass 
prototype parameters are determined using table 1.  
 

In the next step of the filter design, dimensions of coupled 
microstrip lines are determined. These lines show the 
desired odd and even mode impedances. In the first step 
microstrip shape ratios (w/d) is determined.  The shape ratio 
relates the coupled line ratios to the single line ratios.   
 

 
Figure 1:  tapped line input 5-pole Hairpin Filter                   
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Table 1: Low pass filter prototype parameters 

0.5 dB Ripple 

N 𝑔1 𝑔2 𝑔3 𝑔4 𝑔5 𝑔6 𝑔7 𝑔8 𝑔9 𝑔10 𝑔11 

1 0.698 1.00          

2 1.402 0.707 1.984         

3 1.596 1.096 1.596 1.000        

4 1.670 1.192 2.366 0.841 1.984       

5 1.705 1.229 2.540 1.229 1.705 1.000      

6 1.725 1.247 2.606 1.313 2.475 0.869 1.984     

7 1.737 1.258 2.638 1.344 2.638 1.258 1.737 1.000    

8 1.745 1.264 2.656 1.359 2.696 1.338 2.509 0.879 1.984   

9 1.750 1.269 2.667 1.367 2.723 1.367 2.667 1.269 1.750 1.000  

10 1.754 1.272 2.675 1.372 2.739 1.380 2.723 1.348 2.523 0.884 1.984 

For a single microstrip line, 
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The single line equations are used to determine (w/h)se and 
(w/h)so from Zose and Zoso. Since ϵ𝑟 = 4.2 is taken, it is found 

that w/h is approximately 1.95 for Zo=50. Therefore, W/h 
2  equation has been chosen for this case. 

For 
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The design curves given in figure 2 can be used for coupled 
microstrip lines to determine the width and spacing for each 
section. The design curve in figure 3 can be used to 
determine the separation between microstrips and distance 
of the tapped input. 
 

 
Figure.2: Design curve between separation and coupling coefficient [9] 

 

 
Figure.3: Design curve between tapped input and external quality 

factor [9] 

3. PROPOSED FILTER DESIGN 

 

 
Figure.4: Dimensions of proposed compact hairpin band pass filter 
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Figure.5: 3- Dimensional view of proposed compact hairpin band pass 

filter 

The layout of the proposed hairpin bandpass filter is 
illustrated in Figure 4 and Figure 5. The dimensions of the 
proposed filter are determine using equations and design 
curves presented in previous section. The size of filter is 12 
X 20 mm which is compact than the conventional hairpin 

filter.  

4. RESULTS AND ANALYSIS 

 

The performance of the proposed filter is illustrated in 
Figure 6, Figure 7 and Figure 8. The return loss and gain of 
the filter is shown in figure 6. It shows the proposed filter is 
giving a center frequency of 2.8 GHz. The approximate 
bandwidth of the filter is 390 MHz, which is suitable for 
many radar applications.  Spurious modes may be appeared 
in the structure due to in-homogeneities [7,8] but these are 
not shown here. 
Figure 7 shows the smith chart of the parameter S11 of the 
filter and Figure 8 shows the current distribution of the filter 
at center frequency. 

 

 
 

Figure.6: S11 and S12 parameters of the proposed hairpin filter 

 

Figure.7:  smith chart of parameter s11 of the proposed hairpin filter 

 

 

Figure.8:  Current density of the proposed hairpin filter at 2.8 Ghz. 

5. CONCLUSION 

  
The compact hairpin filter is designed and simulated. The 
layout of the final filter design with all the determined 
dimensions is illustrated. The filter is quite compact with a 
substrate size of 12 by 20 mm. The input and output 
resonators are slightly shortened to compensate for the effect 
of the tapping line and the adjacent coupled resonator. The 
proposed filter is a single band BPF which works in 
microwave S-band and mainly used for radar applications 
operating in the 2700–2900 MHz range.   
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