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Abstract–A novel microsrtip multilayered ring filter has 
been proposed. The filter uses multilayered topology to 
reduce circuit area by cascading resonators in layers. 
This work also provides a method to control the 
transmission zero by using equivalent circuit analysis. 
  
Keywords – multilayered ring filter, equivalent circuit, 
transmission zero 

 
Ⅰ. INTRODUCTION 

 
Conventional approach used to design filters 

include Butterworth (maximally flat), Chebyshev 
(equal ripple), and elliptic [1]. The maximally flat 
design has a flat response in the pass-band, but the 
slope of band edge is smaller than other designs. The 
slope of band edge of the equal-ripple design is 
greater than that of the maximally flat design by about 
22N/4 where N is the order of filter, but it has ripples of 
equal amplitude in the pass-band. Elliptic design is a 
variation of equal-ripple design with even better 
stop-band characteristics. These three approaches can 
be implemented in lumped element and some simple 
resonators. 

Recently, microstrip resonators have been widely 
used in planar filter including ring, half-wavelength 
lines. They can provide sharper stop band slope. 
Although they can provide sharper performance, they 
need the area about λ/2 x λ/2 or λ/4 x λ/4. If we 
want the sharper the stop band slope, we always use 
cascading topology. This will make the big area about 
n xλ/2 x λ/2 or n xλ/4 x λ/4. This is not the result 
we want. 

In our communication system especially wireless 
communication system, the requirement of the area is 
very important. We all want to save the system total 
area to let everyone convenient. Recently, it has a new 
topology been proposed. That is multilayer topology. 
In our RF front-end wireless system, passive 
component area always bigger than active component 

about hundred times. If we can save the passive 
component area, it means we can save the whole 
system area by the same proportion. This is very 
attractive. In this work, we will present the multilayer 
ring filter using multilayer topology to save the area.   
 

Ⅱ. RING FILTER 
 

Ring filter as shown in Fig.1 can be seen as the 
variable from the half-wavelength filter as shown in 
Fig. 2. The half-wavelength resonator is used the open 
half-wavelength transmission line‘s characteristic and 

the ring filter can be seen as two open half-wavelength. 
Basically, the ring filter will get better performance 
than conventional half-wavelength filter. 

Fig. 1 The schematic of ring filter 

Fig. 2 The schematic of half-wavelength filter

Conventional ring filter has line-to-ring coupling 
structure [2]. Its ring circle length is about the times of 
our center frequency. In [2], the microstrip line 
coupled to a circular ring via an air gap, but the 
insertion loss is high. In order to reduce the insertion 
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loss, coupling structures can be changed from 
conventional gap capacitor to interdigited capacitor. 
This will make the bigger capacitance and reduce the 
coupled loss between the feed line and ring resonator.  

There is a different kind of ring filter. It doesn’t 
use the line-to-ring coupling structure. It is 
direct-connected ring structure [3] with tuning stubs to 
control the resonant frequency. It doesn’t use the gap 
capacitor structure, so its insertion loss is lower than 
the line-to-ring coupling. 

We can analysis the two kinds of ring filter using 
the equivalent circuit method. Equivalent circuits of 
the structure are shown in [3] [4]. From the equivalent 
circuit, we can get the characteristics of the ring easily.  

The line-to-ring coupled structure is a band-pass 
filter (BPF), capacitance of the coupled structure can 
be controlled to form narrow band BPF. The 
direct-connected structure utilizes band-stop 
characteristics of two stop-bands to construct a wide 
pass-band. In general, the line-to-ring coupling 
structure is suitable to build narrow band BPF, and the 
direct-connected structure is suitable to build 
broadband BPF. 

Sharper response can be obtained by cascading 
several resonators as shown in Fig. 3[4]. However, the 
circuit size will be increased proportional to the 
number of resonators. A multilayered ring structure is 
proposed to reduce circuit size.  
 

 
III. DESIGN of MULTILAYERED RING FILTER 

 
There are many kinds of resonator filters. The 

most typical one is half-wavelength resonator filter as 
shown [4]. Because it needs the half-wavelength line, 
it has very big size and its stop band curve slope is not 
sharp enough. This is not our hope.  

After this configuration, the ring filter has been 
proposed. A ring structure can be equivalent to two 
half-wavelength lines. According to the structure, the 
size will no longer so long. It gets shorter. In another 
way, due to the more resonators, it get sharper stop 
band slope. The structure as shown in [4] will become 
the structure as shown in Fig. 3 and it will get better 
performance.  

According to the two ring resonator structure, it 
has too big area. In order to solve the problem, we 

propose the multilayered ring structure. This structure 
preserves the features of two coupled rings and saves 
the area by about 50%. The equivalent circuit of the 
multilayered ring filter is shown in Fig. 4. 

 
 

IV. EQUIVALENT CIRCUIT of MULTILAYERED  

 
Here we will analysis the multilayered ring filter 

with the equivalent circuit. The equivalent circuit as 
mentioned above used the transmission line model. In 
this work, we will use the basic lumped element to 
combine the equivalent circuit as shown in Fig. 5. 

From the equivalent circuit, we can easily find that 
this structure is a band-pass filter. It has two parallel 
resonators. In order to simplify the equivalent circuit, 
we use the symmetry structure. That’s CI = CO = C0 
and L1 = L2. We can analysis this circuit into three 
parts. One is the front part consisted with CI = C0. 
Another part is the center part consisted with the two 
resonators, coupling capacitor and mutual inductance. 
The other part is the end part consisted with CO = C0. 
We use the ABCD matrix to combine these three parts 
as shown in Equation (1). 

 
 

(1) 
 
 

where 
 
 

Fig. 3 Cascaded square rings. 

Fig. 4 The schematic of multilayered ring filter

Fig. 5 The equivalent circuit of multilayered 
ring filter 
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Then we can use the ABCD matrix to get the 

S-parameter matrix. Thus, we can know the 
characteristic of the multilayered ring filter. From the 
S21 of the center part of the equivalent circuit, we can 
find that there is a transmission zero in our structure as 
shown in Equation (2) 

 
 
 

(2) 
 

 
where 

 
 
 
 
 
 
 
 
 
 
We can control our transmission zero frequency by 

changing the mutual inductance and mutual 
capacitance between two coupled rings. This will 
make our stop band rejection better.  

 
V. SIMULATION RESULTS 

 
In this work, we design a multilayered ring filter. 

This design is just for making sure if there is a 
transmission zero or not. The simulation result is 
shown in Fig. 6. 

We can find there is a transmission zero in the 
upper stop band. This is shown that our theory is 
correct. During this work, we get a multilayered filter 
which insertion loss is about 0.8dB and return loss is 
about 12dB between 2.6 GHz and 2.75GHz.  

In this work, stop band curve slope is about 40dB 
/GHz. Comparing with another structure – 
multilayered half-ring filter as shown in Fig.7, it has 

sharper stop band slope. The multilayered half-ring 
 filter’s stop band curve slope is about 30dB /GHz 

as shown in Fig. 8. 

We can find that the multilayered ring filter’s 
performance is better than multilayered half-ring filter. 
This is because the ring filter has more resonators than 
half-ring filter. Following this rule, if we want get 
sharper stop band slope, we don’t need more planar 
area as the planar structure does. We just use more 
layers as shown in Fig. 9. It doesn’t make our area 
bigger. This is the best advantages of multilayered ring 
filter. 
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Fig. 6 The simulation result of 
multilayered ring filter 

Fig. 7 The schematic of multilayered 
half-ring filter 

Fig. 8 The simulation result of multilayered 
half-ring filter 



 
 

VI. CONCLUSION 
 
 
A novel type of microwave ring filter structure by 

using multilayer topology has been proposed. By 
changing the mutual capacitance and mutual 
inductance, the transmission zero frequency can be 
controlled. The multilayered ring filter can be 
improved by making more layers easily and doesn’t 
need more area to contain the structure. For example, 
the two layers ring filter’s area is the same with the 
three layers or four layers ring filter. This is the 
excellent advantage of multilayered ring filter. 
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Fig. 9 The simulation result of three 
layer multilayered ring filter 
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