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An Ultra-Compact Hairpin Band Pass Filter with 
Additional Zero Points 

Kaixue Ma, Member, IEEE, Kiat Seng Yeo, Jianguo Ma, Senior Member, IEEE,                      
and Manh Anh Do, Senior Member, IEEE 

 
Abstract — A novel quasi-hairpin filter is presented in this 

letter. The generation of zero points is investigated. Second-order 
and fourth-order filters, based on separate coupling paths, have 
been implemented. The filters show ultra-compact size, steep 
selectivity and deep stopband with additional transmission zero 
points. The measured fourth-order filter operating at 1.69 GHz, 
with a fractional bandwidth of 10% has only an active area of 5.5 
mm × 6.2 mm (0.031λ0 × 0.035λ0). 
  

Index Terms—Zero Point, Band Pass Filter, Quasi-hairpin 
filter, separate coupling paths 
 

I. INTRODUCTION 
ITH the expanding applications of mobile radio 
communication, compact size and low cost of passive 

filters become very important for miniaturized communication 
systems. Many publications in the literature have reported on 
size reduction of the filter [1]-[8]. A quarter-wavelength 
resonator [5],[6] has a smaller size as compared to the 
traditional half-wavelength resonator. The spiral resonators 
have emerged as one of the most compact resonators [1], [2],[3], 
Although the spiral resonator with two open ends is 
investigated extensively, little work has been reported in 
designing a spiral-like resonator with open-ground ends. In this 
letter, spiral-like resonators with open-ground ends are used to 
design compact filter with good skirt selectivity. The 
generation mechanism of the zero points is also investigated by 
using a proposed method. 

An ultra-compact microstrip common via band pass filter 
with spiral-like resonators, as shown in Fig.1 a), is introduced. 
It consists of two open-ground spiral-like resonators, which can 
be approximately treated as two folded quarter-wave length 
resonators. The ground via, which is shared by two resonators, 
provides grounding connections for two spiral-like resonators 
and generates the required inter-stage magnetic coupling for the 
filter simultaneously. The proposed filter has similar filter 
topology as in [8]. However, the analysis in [8] can not analyze 
this filter with spiral-like resonator with acceptable accuracy. 

 
Manuscript received August 18, 2006.  
K. Ma is currently with MEDS Technologies Pte. Ltd, Singapore, 569876 

email: kxma@ieee.org  
K. S. Yeo and M. A. Do are with Center for Integrated Circuits & Systems 

(CICS), Nanyang Technological University (NTU), Singapore 639798. 
J.−G. Ma is with University of Electronic Science and Technology of China 

(UESTC), Chengdu, P. R. China. 
 
 

Practically, characterizing the whole structure with two 
coupling paths by using full-wave EM software can only see 
the combination effects. It is difficult to see the operating 
mechanism behind the two coupling paths. Actually, the filter 
in Fig.1 a) can be equivalent to an electric coupling part (T-path) 
in Fig.1 b) and a magnetic coupling part (B-path) in Fig.1 c), if 
the weak electromagnetic coupling between the T-path and the 
B-path is neglected. By investigating the T-path and B-path 
separately, the characteristics of the filter response and zero 
points can be predicted with acceptable accuracy. Based on the 
investigation, the proposed second-order and fourth-order 
filters with good selectivity, additional zero points and much 
compact size are designed and implemented. 

II.    SECOND ORDER FILTER REALIZATION 
In order to investigate the characteristics of the filter in 

Fig.1 a), the equivalent T-path and B-path are investigated 
separately. The structures in the T-path are two coupled open 
end spirals. The characteristics of the T-path in Fig.1 b) and 
B-path in Fig.1 c) can be investigated by using the full-wave 
EM software HFSS. Since the structures are symmetrical, the 
calculated S-parameter can be transferred to Y-parameter using 
following equations: 

   
a) Proposed filter                              b) T-path 

 

 
c) B-path 

Fig.1. Proposed second−order filter configuration and the equivalent circuits 
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where Y0 is the terminal admittance. From equations (1) and (2), 
the Y-matrix for T-path in Fig.1 b) and B-path in Fig.1 c) can be 
calculated separately respectively. The characteristics of the 
filter in Fig.1 a) can be investigated by using the derived 
Y-parameters. The total Y-matrix can be calculated by summing 
of the Y-matrixes of the T-path and B-path. The total Y-matrix 
is used to calculate the S-matrix of structure in Fig.1 a) as given 
in equations (3) and (4).  
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The RT/Duroid 6010 substrate with relative permittivity 
of 2.10=rε  and thickness of 0.635 mm are used in the 
following analysis and design. The calculated results for two 
different cases (case 1 and case 2) are shown in Fig.2 and Fig.3. 
Under lossless or low loss condition, the generation of the zero 
points of the filter in Fig.1 a) should satisfy the condition of 
equation (5) as the two cases are compared in Fig.2. 

( ) ( )21 21 21( ) ( ) 0imag Y imag T Y B Y= +

The calculated first zero points ZP1 for two cases are 1.5GHz 
and 1.64 GHz respectively. The second zero points ZP2 for two 
cases are almost at the same frequency point of 2.03GHz. The 
locations of the analyzed zero points, shown in Fig.2, agree 
well with that in the Fig.3. The coupling characteristics of the 
T-path, B-path and the filter are illustrated in Fig.3. It can be 
seen that at low operating frequency range below ZP1, the 
inter-stage coupling is mainly determined by the magnetic 
coupling in B-path, while at high frequency range above ZP2, 
the inter-stage coupling is determined by both electric coupling 
in T-path and the magnetic coupling in B-path. In the frequency 
range below ZP1, the electric coupling in T-path is much larger 
than the magnetic coupling in B-path as well as total inter-stage 
coupling of the filter. Comparing cases 1 and 2, it is interesting 
to note that the only difference is s1 in T-path. This is because 
that s1 determines the electric coupling coefficient and the 
coupling in the passband of the filter is dominant by the electric 
coupling. As illustrated in case 1, the reduced electric coupling 
due to the larger s1 actually reduces the total coupling 
especially in passband and thus reduces the bandwidth of the 
filter. The generation of the ZP1 is due to the canceling effect of 
the electric coupling and magnetic coupling. The ZP2 is due to 
the self-resonance of the open end spiral in the T-path. This is 
because at self-resonant frequency, the open end spiral behaves 
as a bandstop resonator with zero input impedance. In Fig.4, the 
simulated results by using equations (3) and (4) of the proposed 
filter are compared with the measured results. Good agreement 
between the two results is achieved. The frequency shift of 
4.8% between the simulation and the measurement for the 
spiral-like resonators is acceptable. The measured insertion loss 
of the filter is 2dB, and the filter size is only 5.5 mm by 2.7 mm 
(the I/O port connection lines are not included). 

=                                (5) 

Fig.2. The impedance and zero points of the filter in Fig.1 a). Filter 
dimensions: l1=1.0 mm, l2=4.3 mm, w=0.2 mm, s0=0.15 mm, radius of via 
Rvia=0.1 mm, s1=0.15 mm for case 1, s1=0.35 mm for case 2 

 

III. FOURTH ORDER FILTER REALIZATION 

The configuration and the topology of a fourth-order band 
pass filter are shown in Fig.5 a) and b) respectively. The two 
separate coupling paths with dominant electric couplings are 
introduced between resonators 1 and 2 as well as between 3 and 
4. The external quality factor Qe and the inter-stage coupling 
coefficients can be calculated from [5][6]. The optimized 
dimensions of the filter are: l1=1.0 mm, l2=4.3 mm, l3=1.5 mm， 

 
Fig.4. Comparison of measured and simulated results of proposed 
second-order hairpin filter

Fig.3. The transmission characteristics of the filter in Fig.1 a).  
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w=0.2 mm, s0=0.15 mm, s1=0.15 mm, Rvia=0.1 mm, S2=0.85 
mm. In Fig.6, the simulated results and the measured results in 
the frequency range of 1.0 GHz~2.5 GHz are compared. The 

simulated results agree well with the simulated results. The 
results of the filter show deep stopband rejection and good skirt 
selectivity. The filter characteristics with perfect conductor and 
copper conductor are also compared. The minimum insertion 
loss of the filter with a perfect conductor is 0.8 dB, and the 
minimum insertion loss of the filter with copper conductor is 
2.5 dB. The filter with a copper conductor has a narrower 
bandwidth than the filter with a perfect conductor. The 
measured fourth-order filter operates at 1.69 GHz, has a 
fractional bandwidth of 10% and an insertion loss of 3.2 dB. 
The rejections at 2 GHz and at 1.27 GHz are 61.2 dB and 55 dB 
respectively. The photos of a traditional hairpin filter, a 
SEMCP filter [8] and the proposed hairpin filter are illustrated 
in Fig.7. The size of the proposed fourth-order hairpin filter 
occupies an area as small as 5.5 mm × 6.2 mm (0.031λ0 × 
0.035λ0). The size of the proposed hairpin filter is much smaller 
than that of the traditional fourth-order hairpin filter (0.094λ0 × 
0.11λ0).and the SEMCP filter (0.06λ0 × 0.0545λ0) in [8] (λ0 is 
the free space wavelength at operating frequency).  

 
a) 

 
b) 

Fig. 5 Proposed fourth-order hairpin filter configuration and the 
topology     a) Filter configuration    b) Filter topology 

 

IV. CONCLUSION 
In this paper, a novel hairpin filter based on separate 

coupling paths is proposed and implemented. Second-order and 
fourth-order hairpin filters with good skirt selectivity and 
compact size are implemented on standard planar print circuit 
board. The zero point generation, the coupling characteristics 
and the conductor loss of the proposed filter are investigated. 
The proposed compact hairpin filter configuration should be 
useful for miniaturized filter implementation. 

Fig.6. Comparison of measured and simulated results of proposed 
fourth-order quasi-hairpin filter. 
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