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Abstract — Novel compact microstrip cross-coupled bandpass 
filters realized by miniaturized stepped impedance resonators 
(SIR’s) are proposed. The cross coupling between non-adjacent 
resonators is introduced to exhibit a single pair of transmission 
zeros near the passband at finite frequencies and thus much 
better selectivity. The optimal design for miniaturized stepped 
impedance resonator is employed and realized by several layouts 
in order to reduce the filter size. Two design examples of 
four-pole cross-coupled filters are described in this paper. The 
measured results are in good agreement with the simulated 
predictions. Each proposed cross-coupled filter not only has a 
compact size but also has high-selectivity and a very wide 
stopband response. 

Index Terms — Cross-coupled filters, microstrip filters, stepped 
impedance resonators, transmission zeros. 

I. INTRODUCTION 

RF/microwave bandpass filters are essential circuits in the 
wireless communication systems, whose trend is towards 
compact size and high performance in recent years. Thus, the 
elliptic or quasi-elliptic filters realized by cross coupling were 
introduced in order to reduce the size and improve the 
selectivity of bandpass filters [1-8]. They may exhibit a single 
pair of transmission zeros near the passband due to a cross 
coupling, so that the possible interference in the stopband can 
be rejected. However, these filters often have some 
disadvantages: the circuit sizes are large and the stopband 
rejections are not good enough. 

For traditional microstrip parallel-coupled half-wavelength 
resonator bandpass filters [9-10], the first spurious passband 
is centered at twice the mid-band frequency due to the 
unequal even and odd mode phase velocity. This resulted in a 
narrow stopband between the fundamental response and the 
first spurious response. Therefore, the stepped impedance 
resonator (SIR), introduced by [11-13], was presented not 
only to control the spurious-mode frequencies, but also to 
reduce the resonator size. 

In this work, two compact microstrip cross-coupled 
bandpass filters with good stopband rejection are proposed. 
By introducing the optimal design for miniaturized 
quarter-wavelength SIR, the minimum filter size can be 
obtained. In addition, the proposed bandpass filters have a 
wider stopband as compared with the conventional 
coupled-line filters which exhibit a repeated passband at 
twice the center frequency. 

 
Fig. 1. Structure of a λ/4 SIR. 

 
Fig. 2. SIR length versus impedance ratio in optimized design. 

 

II. OPTIMAL DESIGN FOR STEPPED IMPEDANCE  
RESONATORS 

Figure 1 shows a typical shorted quarter-wavelength SIR, 
which is composed of two sections of low-impedance and 
high-impedance transmission lines. The resonance condition 
of the λ/4 SIR can be described by 

21 cottan θαθ ⋅=               (1) 

where α is the impedance ratio of low-impedance and high- 
impedance defined as 
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Herein, the fundamental resonance and the spurious 
resonances can be adjusted by choosing a suitable impedance 
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ratio of the λ/4 SIR. As the impedance ratio of the λ/4 SIR is 
kept smaller than unity, the fundamental resonance and the 
first resonance shifts to the lower and higher frequency values 
respectively, thus extending a very wide stopband. 

In order to reduce the circuit size of the filter, the equation 
for the minimum length of the λ/4 SIR can be derived as 

αθθ 1
21 tan −==                (3) 

Fig. 2 plots the impedance ratio of λ/4 SIR with respect to the 
SIR length θT, when θ1 = θ2. It can be seen that the case for 
α=1 stands for a traditional λ/4 grounded unit impedance 
resonator (UIR), whose first spurious passband is centered at 
about three-times the mid-band frequency. As long as α is 
kept smaller than 1, the length of λ/4 SIR can be reduced 
when compared with that of the UIR. 
 

III. FILTER DESIGN: EXAMPLE ONE 

The first filter design example is the structure shown in Fig. 
3. In this example, the characteristic impedances of the high- 
and low-impedance lines are chosen as Z1=50Ω and Z2=25Ω 
and it results in α=0.5. Therefore, the length of the SIR is 
about one-fifth of guided wavelength as presented in Fig. 2. 
In the design process, each SIR is folded to achieve the cross 
coupling and to be compact, so that each SIR has the lateral 
size of only about one-fifteenth of guided wavelength. The 
four-pole cross-coupled filter was designed with the given 
specifications. The center frequency of the filter is 1GHz, and 
the fractional bandwidth is 5.8%. The coupling matrix [m] 
and the external quality factor Qe can then be found to be: 



















−

−

=

0045.0001.0
045.00046.00
0046.00045.0

01.00045.00

][m  

83.15=eQ                              (4) 

Full-wave simulator IE3D has been used to extract above 
parameters in order to obtain the physic dimensions of the 
filter. The filter design is based on the knowledge of the 
coupling coefficients of the three basic coupling structures as 
the electric, magnetic, and mixed couplings. The coupling 
coefficient is evaluated from two dominant resonant 
frequencies f1 and f2 given as [1]: 
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where Mij represents the coupling coefficient between 
resonators i and j. The external quality factor can be 
characterized by: 

 

Fig. 3. Proposed structure of four-pole microstrip cross-coupled bandpass 
filter. 

 
Fig. 4. Simulated and measured results of the first filter design. 

 
Fig. 5. Simulated and measured wide-band frequency responses of the first 

filter design. 
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where f0 and δf3-dB represent the resonant frequency and the 
3-dB bandwidth of the input or output resonator. 



The four-pole filter is designed to be fabricated using 
copper metallization on the Rogers RO4003 substrate with a 
relative dielectric constant of 3.38, a thickness of 0.508mm, 
and a loss tangent of 0.0027. The overall size of the filter is 
25.1mm by 19.9mm, i.e., only about 0.13λg by 0.11λg, where 
λg is the guided wavelength of 50 ohm line on the substrate at 
the center frequency. The fabricated filter was measured with 
an Agilent E5071B network analyzer. The measured and 
simulated results of this filter are shown in Fig. 4. The 
passband return loss is below 15dB and the passband 
insertion loss is about 1.9dB. The insertion loss would mainly 
be attributed to the conductor loss. It can be clearly observed 
that the cross coupling effect produces a single pair of 
transmission zeros near the passband, which results in a 
higher selectivity. 

Figure 5 shows the measured and simulated wide-band 
responses. It seems that the filter has a very wide stopband 
between the fundamental response and the first spurious 
response due to the choice of α<1 in SIR. The stopband 
rejection is better than 20 dB from 1.05~3.8 GHz. It is also 
interesting to point out an extra transmission zero in the 
stopband between the fundamental response and the first 
spurious response, which occurs at the frequency when the 
length l of the input resonator approximates a quarter guided 
wavelength, and it can be tuned by proper feeding at the first 
and the last resonators without increasing the circuit area 
when high attenuation may be needed only at certain 
frequencies. 
 

IV. FILTER DESIGN: EXAMPLE TWO 

Figure 6 is the structure of the designed filter. In this case, 
the characteristic impedances of Z1 and Z2 are further chosen 
to be 50Ω and 12.5Ω, respectively, which give α=0.25 for this 
example. The length of the SIR can then be obtained as about 
one-seventh of guided wavelength. Similarly, each SIR is 
folded to achieve the cross coupling and to be compact. Thus, 
it can be seem that the lateral physical length of the folded 
SIR is about one-fifteenth of guided wavelength. The 
bandpass filter is designed with the following specifications. 
The center frequency of the filter is 0.98GHz, and the 
fractional bandwidth is 4.8%. The coupling matrix [m] and 
the external quality factor Qe of the filter are found to be: 
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The filter is also fabricated on the Rogers RO4003 
substrate. The size of the filter amounts to 20.8mm by 
25.2mm, i.e., only about 0.11λg by 0.13λg.  The simulated 
and measured results are shown in Fig. 7. The passband 
insertion loss is about 2.9dB, which is mainly attributed to the 

 
Fig. 6. Proposed structure of four-pole microstrip cross-coupled bandpass 

filter. 

 
Fig. 7. Simulated and measured results of the second filter design. 

 
Fig. 8. Simulated and measured wide-band frequency responses of the 

second filter design. 

conductor loss. The passband return loss is greater than 15dB. 
Figure 8 shows the measured and simulated wide-band 

responses. It is also found that the filter has a very wide 



stopband of up to about 5.8f0, which is wider than that for the 
previous design example. The stopband rejection is better 
than 20dB from 1.02~5.1GHz. Again, by adjusting the feed 
point of input/output SIR, the extra transmission zero in the 
upper stopband can be tuned in order to enhance the 
selectivity of the stopband. As a result, the compact 
miniaturized bandpass filter not only has a high selectivity, 
but also has a very wide stopand between the fundamental 
response and the first spurious response. 
 

V. CONCLUSION 

Novel compact microstrip cross-coupled bandpass filters 
using miniaturized SIR’s have been proposed in this study. 
The cross coupling effect which created two transmission 
zeros to the filter response is realized in order to improve the 
selectivity of the filter. By employing the optimal design for 
miniaturized quarter-wavelength SIR, the compact filter size 
can then be obtained. The miniaturized SIR is presented not 
only to reduce the filter size, but also to control the 
spurious-mode frequencies, which has been verified by the 
above two experimental results. In addition, an extra 
transmission zero occurs at the upper stopband, which is 
caused by the feeding structure and can be tuned by proper 
feeding at the first and the last resonators for better rejection 
of interference signal. As a result, the proposed filters, which 
have advantages of small size, high-selectivity, and wide 
stopband response, are quite useful for future applications in 
wireless communication systems. 
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