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Abstract: In this paper, a novel miniaturized low-pass filter (LPF) with wide stopband and low insertion loss using a 
modified hairpin resonator is presented. By optimizing the dimensions of the modified hairpin resonator and 
addition of a symmetric semi-circular open-end unit as a suppressing cell, the undesirable response and unwanted 
harmonics are suppressed; hence, a wide stopband from 5.94 GHz to 32.27 GHz is achieved. The transition band is 
0.4 GHz from 5.54 GHz to 5.94 GHz with the attenuation level of -3 dB and -20 dB, respectively. The proposed 
LPF with -3 dB cut-off frequency of 5.54 GHz is designed, fabricated and measured. The size of the fabricated low-
pass filter is only 73.84 mm2. The simulated results are compared with the measured results and good agreement 
between them is obtained. 
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1. Introduction 

 
Microstrip low-pass filters have been widely used to 
suppress harmonics and spurious signals in 
communication systems. Compact size, low insertion 
loss, sharp roll off, and wide stopband are highly 
desirable factors to design the LPFs. 
One of the main microstrip structures to design a LPF 
is the hairpin structures, which has benefits such as 
easy fabrication [1].  
  A LPF with wide stopband using coupled line 
hairpin unit has been presented in [2]. In this filter, 
the insertion loss and the return loss in the passband 
and the attenuation level in the stopband are not 
adequate. In [3], a LPF with the shunt open stubs at 
the feed points of a center feed coupled line hairpin 
resonator has been proposed with very wide stopband 
and sharp response, but the rejection level and the S11 

parameters in the stopband are not satisfactory. 
The conventional stepped-impedance filter, with 
hairpin resonator, in [4] has a simple structure, but it 
provides a gradual response in the transition band. In 
[5] a low-pass filter using stepped impedance hairpin 
units has been proposed, which has a low insertion 
loss, but it is not compact and has a gradual transition 

band, also it does not have a wide stopband. In [6], a 
LPF based on microstrip coupled-line hairpin unit, 
spiral slot and open stubs has been presented. 
 It has a compact size with an approximate wide 
stopband, but its frequency response is gradual in the 
transition band. 
  In this paper, a hairpin resonator is modified by 
open-end step impedance stubs to have a sharp 
response with -3 dB cut-off frequency of 5.54 GHz. 
To suppress the harmonics in higher frequencies a 
symmetric semi-circular unit is added to the proposed 
resonator. The result is a compact wide stopband LPF 
with optimum specifications such as low insertion 
loss less than 0.13 dB and good return loss better than 
15.8dB, in the passband. 
 
 
2. Filter design 

  In the first step, an appropriate prototype elliptic 
function hairpin low-pass resonator is selected as 
shown in Figure 1(a).The simulated S-parameters of 
the proposed hairpin resonator, which is designed to 
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have a -3 cut-off frequency of 5.54 GHz, is shown in 
Figure 1(b).  
The resonator creates two transmission zeros at 6.9 
GHz and 9.5 GHz with the attenuation level of -32.81  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To solve this problem, a step impedance open-end 
unit is symmetrically added to the proposed hairpin 
resonator as shown in Figure 2. By adding these  
 
 
 
 
 
 

dB and -64.65 dB, respectively.  
  As seen from Figure 1(b), the most important 
problem in this structure is the insertion loss in the 
passband, which has a large value about 0.82 dB. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
arms, the order of the circuit (filter) is increased; 
hence the return loss in the passband is improved and 
a good insertion loss nearby 0 dB can be obtained in 
the passband. 
 
 
 
 
 

 
(a) 

 

 
(b) 

 

Figure 1. (a) The proposed hairpin resonator; (b) The simulated S-parameters of the proposed hairpin resonator 
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Figure 3(a) and Figure 3(b) shows the S12 parameter 
of the proposed resonator as a function of d1 and W2, 
respectively. Clearly, by increasing d1 from 2 mm to 
4 mm and W2 from 0.4 mm to 1 mm, the capacitance 
of the added open-end stub with length of d1 and 
width of W2 increases, hence the transmission zeros 
get smaller to have a sharper transition band. The S12  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Parameter of the proposed resonator as a function of 
d2 is shown in Figure 3(c). As seen from the Figure, 
by changing the distance between the open-end step 
impedance stubs and the hairpin resonator, the 
transmission zeros don’t move significantly, it means 
that the coupling capacitance between these units can 
be negligible. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. The improved proposed hairpin resonator resulted with the addition of symmetric open-end stubs 

 
 
 

(a) 
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With respect to the optimization with an EM 
simulator (ADS), the dimensions of the improved 
proposed hairpin resonator are obtained as follows: 
d= 2.3, d1 =3.3, d2 =0.7, d3 =2.7, d4 =2, d5 =0.9, d6 
=0.1, d7=0.8, W1 =0.1, W2 =0.7, W3 =1, all in mm. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  With respect to the optimization with an EM 
simulator (ADS), the dimensions of the improved 
proposed hairpin resonator are obtained as follows: 
d= 2.3, d1 =3.3, d2 =0.7, d3 =2.7, d4 =2, d5 =0.9, d6 
=0.1, d7=0.8, W1 =0.1, W2 =0.7, W3 =1, all in mm. 
   
 
 
 
 
 
 
 
 
 
 
 
The simulated S-parameters of the proposed 
improved hairpin resonator is shown in Figure. 4. As 
seen, the resonator has a sharp transition band and 
low insertion loss less than 0.15 dB in the passband 
with -3 cut-off frequency at 5.5 GHz. 
 
 
 
  

 
 

 
(b) 

 

 

 
(c) 

 

Figure 3. (a) The S12 parameter of the proposed resonator as a function of d1; (b) The S12 parameter of the 
proposed resonator as a function of W2; (c) The S12 parameter of the proposed resonator as a function of d2 
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To extend the stopband, a symmetric semi-circular 
open-end cell as shown in Figure 5 is used. 
 This microstrip cell is used to perform the -20 dB 
suppression in the frequency range of 13 GHz to 32 
GHz. The S12 parameter of the proposed suppression  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
cell is shown in Figure 6.  
As seen, the suppression cell creates a transmission 
zero at 22.5 GHz with the high attenuation level of -
61.5 dB, which provide a wide stopband for the 
proposed LPF. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

Figure 4. The simulated S-parameters of the proposed improved hairpin resonator 

 
 

Figure 5.  The symmetric semi-circular open-end unit as suppression cell 

 
 

Figure 6. The S12 parameter of the proposed suppression cell 
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The simulated and measured results of the proposed 
filter are illustrated in Figure 9. The measurements of 
the proposed LPF are carried out using an HP8757A 
network analyzer. As seen, the attenuation level in 
the stopband is higher than -20 dB. The stopband 
width (SBW) is achieved from 5.94 GHz to 32.27  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

GHz, which shows a  wide stopband. The proposed 
filter has low insertion loss (IL) of less than 0.13 dB 
and return loss (RL) of more than 15.8 dB in the 
passband. The frequency response of the filter is 
adequate sharp with the transition band equal to 0.4 
GHz from 5.54 GHz to 5.94 GHz with corresponding 
attenuation levels of -3 and  -20 dB. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  Table 1.  Performance comparison of the proposed LPF with other works. 

 

As seen from Figure 10, the group delay in the 
passband for the proposed LPF has a maximum 
 

variation about 0.6 ns. 
 
 

Ref. εr � SBW Size(mm2) RL ( dB) IL(dB) 

[2] 2.2 2.4 12.6 20×23 10 1.2 

[3] 4.3 0.5 3.7 34.62×70.95 16.3 0.5 

[4] 10.8 1.5 5.4 23.1×7.5 16.42 0.7 

[5] 2.65 1 4.5 22.4×24.25 20 0.4 

[6] 2.2 2 20 10.2×15.15 10 1 

[7] 2.2 5.45 31.3 50×4.42 15 0.15 

This 
work 

2.2 5.54 26.33 10.4×7.1 15.8 0.13 

 
Figure 9. The simulated and measured results of the proposed filter 
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The comparison between the performances of the 
proposed filter with the other works is shown in 
Table.1. As seen from the table, the proposed LPF 
has the best insertion loss in the passband, among the 
other works. The size of the filter is only 73.84 mm2,  
the smallest size among [1-7], and also a wide 
stopband among the quoted hairpin filters [2-6].  The 
sharpness of cutoff frequency from -3 dB to -20 dB is 
about 0.4 GHz that is just 7.2% of the bandwidth and 
is sharper than [2-8]. 
 
4. Conclusion 

  A novel compact low-pass filter using a new 
modified hairpin resonator loaded by open-end 
stepped impedance stubs is designed, fabricated and 
measured. The measurement results show that the 
fabricated filter has many benefits such as compact 
size, low insertion loss in the passband, wide 
stopband and sharp transition band. The proposed 
LPF with these features is a good candidate for the 
modern microwave applications.  
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Figure 10. The group delay through the passband 


