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Abstract:  A simple wideband bandstop filter that yields equal ripples in both the 
pass and stop bands, is described.  The filter comprises  only of two resonant 
stubs and a connecting transmission line and has a transmission response 
almost identical to that of a third order elliptic function filter. The practical 
bandwidth is limited to 130-160%. 
 
Introduction: High rates of cutoff for wideband bandstop fitters are achieved if the 
filter prototype has a transfer function contributing transmission zeros at real 
frequencies away from the filter centre frequency, such as the elliptic function 
(Cauer) filters.  The design procedures for transmission line filters employing 
elliptic function prototypes are widely described, and various forms of realization 
of such filters are available [1]. A number of authors have proposed and 
developed realizations of wideband bandstop filters that either realize true elliptic 
function responses, or pseudo-elliptic function responses by realizing additional 
transmission zeros at real frequencies.   
 
In [2], a noncommensurate realization is described that is based on an elliptic 
function  filter.  Other authors add transmission zeros that are not related to the 
elliptic function prototype.  In [3], a filter is described that is based on a 
conventional prototype such as Butterworth or Chebyshev, and to which 
additional transmission zeros are introduced by coupling the input and output 
lines. The split impedance ring filter of [4] contributes two additional zeros, while 
[5] describes a split impedance ring with three additional stubs.  The physical 
structure of the filter in [6] resembles that of a third order elliptic function filter. 
 
In this paper, the performance of a simple two-resonant stub filer is compared to 
that of a third order elliptic function filter and it is shown that a substantial 
reduction in complexity can be achieved for filters with relative bandwidths of 
between 130% and 160%. 
 
Filter Structure: Consider the microstrip centre conductor pattern shown in Fig. 1.  
The stub Z1 resonates at the filter centre frequency of  f0, with l0 = λ0/4 while the 
stub Z2 resonates at f0/2, length 2l0 = λ0/2.    By separating the two stubs by a 
section of transmission line of λ0/4 and impedance Z12 the proper phase 
relationship is introduced between the stubs, as well as to contribute additional 
attenuation in the stopband.  Because Z2 will again exhibit a resonance at 1.5f0, a 
total of three transmission zeros occur on the real frequency axis between 0 and 
2f0, and equal ripples on either side of f0 will result.   



 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Layout of the resonant stub filter. 
 
The value of the unit element Z12 is the main determinant of the filter bandwidth, 
which is limited to between 130% and 160%; this is due to the fact that the 
positions of the transmission zeros are fixed.  The bandwidth at the stopband 
attenuation level remains nominally at 110%.  The impedance values Z1 and Z2 in 
turn are the main determinants of the passband and stopband ripple levels.  
None of the values are sensitive, and acceptable combinations of bandwidth, 
passband and stopband ripple levels are readily obtained for realistic impedance 
levels through transmission line analysis of the structure. 
 
Comparison with Elliptic Function Response: The response of a resonant stub 
filter with impedance values Z1 = 25 Ω, Z2 =  50 Ω, and Z12 = 190 Ω, is compared 
to the performance of a third order elliptic function filter designated C0302 with a 
passband ripple level of 0.0017 dB and stopband ripple level of -21.6 dB from [7]; 
it is impedance scaled to 50 Ω and frequency scaled to cut off at Ω′ = 4.0.  By 
application of Richards’ transform and two Kuroda transforms from the ports [1], 
the filter shown in Fig. 2 is obtained, with impedance values Z1 = Z3 = 81.7 Ω,  
Z12 = Z23 = 128.7 Ω, Z21 = 19.35 Ω, and Z22 = 18.66 Ω. 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. Layout of the third order elliptic function filter. 
 
Fig. 3 compares the responses of S21 and S11 for the two filters. They are clearly 
virtually identical. 
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Fig. 3. Insertion loss and return loss of the resonant 

stub and the elliptic function filter. 
 
Measured Results: A prototype filter was constructed in microstrip on RT Duroid 
5880 with a dielectric thickness of 1.57 mm, relative dielectric constant of 2.2 and 
loss tangent δ = 0.0009.  The measured insertion loss and return loss is shown in 
Fig. 4.  Both measured insertion and return loss show excellent agreement with 
the calculated values for the prototype filter. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Insertion loss and return loss of the constructed resonant stub filter. 

 
Conclusion: The resonant stub filter exhibits a pseudo-elliptic function response 
that very closely resembles that of the true third order elliptic function filter, but 
which is only about half the size and complexity.  The filter is simple to design, 
and filter is not sensitive to element values.  Due to the transmission zeros at real 
frequencies being determined by the centre frequency of the filter, the applicable 
bandwidth is limited to between 130% and 160%. 
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