
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 02, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 762 

Design of Microstrip Parallel Coupled Bandpass Filter using Hairpin 

Structure, Coupled Line Feed and Tapped Line Feed Method 

Rahul R. Menon1 Makwana Foram R.2 
1,2M. E. Student 

1,2Department of Electronics & Communication Engineering 
1,2L.D. College of Engineering, Navrangpura, Ahmedabad, India

Abstract— This paper presents the simulation and 

comparison of effect of two different coupling feed type in 

parallel coupled line filter. The filter is designed and 

optimized for 60GHz center frequency with a fractional 

bandwidth of 10GHz.Keysight ADS software is used to 

simulate and compare the performance of different coupled 

filters in terms of performance and chip size. A fifth order 

parallel coupled line filter with coupling type transformer 

input and tapped line transformer input has been compared. 

A 5th order hairpin type band pass filter is also simulated to 

compare the effect of coupling making the design compact. 

127um thick alumina substrate is used to realize the filters. 
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I. INTRODUCTION 

Band pass filter can be designed by lumped L and C 

components for low frequencies. But for high frequencies, 

lumped components cannot be used due to their parasitic. 

Hence, microstrip transmission lines can be used to realize 

the circuits for high frequencies. Microstrip filters can be 

designed using coupled lines and the bandwidth of the filter 

depends on how tight the coupling is. Fabrication of multi 

section coupled line band pass filter is relatively easy in 

microstrip for bandwidth less than 20%. For wider 

bandwidth, filters require very tightly coupled line which are 

difficult to fabricate.[2] 

Microstrip band pass filters such as hairpin filter, 

zig-zag type coupled filter, parallel coupled line filters are 

widely used in high frequency microwave circuits. Band 

pass filters finds its application in frequency filtering in high 

frequency multipliers, mixers etc. 

Hairpin-line bandpass filters are compact 

structures. They may conceptually be obtained by folding 

the resonators of parallel-coupled, half-wavelength 

resonator filters into a “U” shape. This type of “U” shape 

resonator is the so-called hairpin resonator [2] the main 

advantage of this structure is that the input and output ports 

are aligned along the same line which is not possible with 

general parallel coupled line filter structures [1] 

II. FILTER DESIGN 

A. Parallel Coupled Resonators 

Band pass filter in microstrip can be realized using coupled 

half wavelength resonators. The resonators are half 

wavelength at the center frequency of the passband. The 

coupling of resonators can be either done edge to edge or 

parallel edge coupled. In the former case, the coupling from 

one resonator to another is done by the gap between the two 

open ends of the resonators, hence is capacitive [2] 

B. Band Pass Filter Design 

The first step in designing microstrip band pass pass filter is 

to select an appropriate element prototype model. The 

choice of the filter response, amount of passband ripple and 

order of the filter is decided at this stage depending on our 

specification. The 60GHz center frequency band pass filter 

presented in this paper is designed using chebyshev type 

prototype model with 0.1dB passband ripple. 

 
Fig. 1: Line Calculator ADS for Coupled Line parameters 

A 5th order filter is selected so as to give better than 

30dB rejection in the stopband. The order of the filter 

decided on the basis of the tradeoff between performance of 

filter and size of filter. Higher order coupled line filters are 

not generally preferred due to their large dimensions. 

The design equations for the filter is as given 

below, 

[1] 

Where go, g1 to gn are the element of a ladder-type 

low pass prototype with a normalized cutoff = 1, and FBW 

is the fractional bandwidth of band pass filter. Jj, j+1 are the 

characteristic admittances of J-inverters and Y0 is the 

characteristic admittance of the terminating lines. Figure 1 

shows the line calculator of ADS which calculates line 

parameters of coupled line sections for given even and odd 

mode impedances. 

 
Fig. 2: General structure of parallel (edge)-coupled 

microstrip bandpass filter. 
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To realize the J-inverters obtained above, the even- 
and odd-mode characteristic impedances of the coupled 
microstrip line resonators are determined by, [1] 

 
The input can be feed in two configurations viz., 

Tapped Line Transformer Input and Coupled Line 

Transformer Input. The tapped line transformer input will 

bring the feedline directly into the first resonator. On the 

other hand, the coupling type configuration will use an extra 

coupled line section on the inputs and outputs to feed the 

device. 

To fold the resonators, it is necessary to take into 

account the reduction of the coupled-line lengths, which 

reduces the coupling between resonators. Also, if the two 

arms of each hairpin resonator are closely spaced, they 

function as a pair of coupled line themselves, which can 

have an effect on the coupling as well.[2] 

 
Fig. 3: Schematic of the different BPF proposed 

The schematic of coupled line feed, tapped line 

feed parallel coupled filter and hairpin type filter is shown in 

figure 3. 

III. ADS GEOMETRY AND OPTIMIZATION 

The geometry of the coupled line band pass filter for 

coupled line feed and tapped line feed is shown in figure 4. 

 
Fig. 4: Layout of Tapped Line Feed BPF (left) and Coupled 

Line Feed BPF(Right) 

The optimization minimizes the absolute difference 

between S21 in dB and the specified passband edge 

attenuation (which equals the ripple for Chebyshev 

response) at the passband edge frequencies. Because only 

the line lengths are changed, this tuning will typically center 

the response within the specified passband. [6] 

 
Fig. 5: ADS Layout for 60GHz Hairpin type BPF 

As hairpin filter is just the folded version of the 

half wave resonators of the parallel coupled line filter. 

Consequently, the same design equations for the parallel-

coupled, half- wavelength resonator filters may be used. N 

coupled-line sections produce an N-1 order filter response. 

More advanced shaping of the passband response 

has be accomplished by manually tuning the widths and 

spacing of the coupled filter sections. 

The specifications for the band pass filter under 

consideration are: 

 Center frequency fc = 60GHz 

 Bandwidth= 10GHz 

 Return Loss in Passband ≤ -20Db 

 Source/ Load Port Impedance Z0 = 50 ohms. 

 
Fig. 6: ADS 3D Model of Hairpin type, Coupled Line Feed 

and Tapped Line Feed BPF (Left to Right). 

Alumina Substrate of dielectric constant of 9.6 and 

substrate thickness of 127 microns has been used for 

microstrip implementation. 

IV. RESULTS 

 
Fig. 7: Simulated performance of the Tapped Line (Blue), 

Coupled Line(Red) and Hairpin Type (Green) band pass 

filters.  

The tapped line feed parallel coupled line filter 

gives an insertion loss of less than 0.5dB in the passband 

and return loss better than -30dB in the desired band. 

Whereas the coupled line feed, gives an insertion loss of less 

than 0.8dB in the passband and return loss better than -24dB 

in the passband. 
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Fig. 8: Smith Chart showing port impedance of the three 

filters 

The Hairpin type structure shows -1dB insertion 

loss in passband and return loss better than -26dB. The 

bandwidth of hairpin structure is around 5GHz which is 

narrowband compared to the parallel coupled structure. 

However, the hairpin type structure gives input and output 

port aligned on same line. 

The filter has been designed for 50ohm port 

impedance which is also the characteristic impedance of the 

line in this design. As seen from the smith chart in figure 5, 

the normalized port impedance is 1.055+i*0.078 at 60GHz 

center frequency of the passband. 

V. CONCLUSION 

In this paper, various different configurations of 5th order 

coupled filter has been simulated and compared. S 

parameter simulations has been performed using Keysight 

Advance Design System. The response of three different 

configurations of the band pass filter has been simulated for 

a bandwidth of 10GHz centered at frequency of 60GHz. 

The dimensions for the designed parallel coupled 

line band pass filter with tapped line feed is 3 mm x 1.5mm 

and for coupled line feed is 3.2mmx 1.5mm. Hairpin type 

BPF consumes a die area of 3.5mm x 0.7mm. Additional 

numbers of sections can be used to steepen the transition 

band roll off or widen the pass bandwidth. 
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