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Abstract— This letter presents a half-mode triple-band 

bandpass filter based on folded stepped impedance resonator stub. 

Also, an interdigital structure with lumped capacitance is added 

to the circuit to obtain a compact-size filter while maintaining the 

filtering characteristics. The utilization of the lumped capacitor at 

the middle point of the interdigital structure contributes to the 

shift down of the higher modes. Thus, an extra passband generates 

at the operating frequency range. Also, more reduced size is 

achieved by using a half-mode circuit.  

Keywords— triple-band, stepped impedance resonator, half-

mode, bandpass filter. 

I. INTRODUCTION 

Multiband filters are among the attractive circuit 
components due to the increasing demand for capacity in the 
multi-standard communication system. Triple-band filter is 
indispensable and an essential building block in multi-band 
systems. There are many approaches for designing triple-band 
filters in the literature [1-3].  In [1], a triple notch-bands ultra-
wideband band-pass filter based on an E-shaped resonator and 
open-load stubs is presented. The eventual circuit occupies quite 
a large area since the E-shaped resonator is coupled to the filter 
with open-load stubs to achieve a triple-notch bandpass filter. A 
tri-band bandpass filter [2] is realized by stepped impedance 
resonators and uniform impedance resonators. The proposed 
configuration has a large total surface area and poor 
performance in terms of insertion losses. 

In this paper, a half-mode triple-band bandpass filter is 
presented. The proposed half-mode circuit is accomplished by 
cutting the conventional filter circuit along the symmetrical 
plane, which can be considered an equivalent magnetic wall. In 
this case, the half-mode configuration exhibits the same field  

    

  

(a) (b) 

   

(c) (d) 

Fig. 1. Design steps and layout of the a) short circuited SIR b) dual-band SIR 
bandpass filter c) dual-band interdigital loaded SIR bandpass filter d) triple-
band interdigital loaded SIR bandpass filter.  

distribution as the main structure. Therefore, half-mode filter 
circuits can be used instead of the conventional filter circuit to 
reduce size. The proposed filter consists of two short-circuited 
SIR stubs and a connecting line between the I/O ports. Adding 
an interdigital structure to the circuit achieves triple-band 
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performance. Furthermore, it provides miniaturization by the 
slow wave effect. 

 

Fig. 2. The effect of the grounding vias on the folded SIR structure.  

II.  FILTER DESIGN METHODOLOGY 

A. Stepped Impedance Resonator Analysis 

The first step of the design is the short-circuited stub loaded 
stepped impedance resonator (SIR) analysis. The SIR is 
composed by combining the short-circuited low admittance 
(Y01) line having an electrical length of θ1 and a high admittance 
(Y02) line with an electrical length of θ2, as illustrated in Fig. 
1(a). The input admittance of the SIR can be expressed as, 

 01 02 1 2
in 02

02 1 01 2

Y Y tan( ) tan( )
Y Y .

jY tan( ) jY tan( )

− θ θ
=

θ + θ
 (1) 

From the resonance condition (Im(Yin=0)), the admittance 
ratio can be extracted as in (2).  

 01
1 2 0

02

Y
K tan( ) tan( )     (at f f ).

Y
= = θ θ =  (2) 

It can be seen from (2) that the passband location is controlled 
by the geometrical parameters of the SIR [3]. 

B. Design of the Dual-Band Bandpass Filter 

The layout of the dual-band bandpass filter using the stepped 
impedance resonator with short-circuited stub is given in Fig. 
1(b). The proposed dual-band structure is designed by using two 
SIRs connected by a transmission line between the I/O ports. 
The SIRs are folded to obtain size reduction. As can be seen 
from Fig. 1(b), the folded SIRs are terminated as a short circuit 
to achieve the dual-band characteristic. To demonstrate the 
effect of the grounding vias, the two folded SIR structures with 
a short and open-circuited stub are simulated by a full wave 
electromagnetic simulator [4]. Fig. 2 shows the effect of the 
grounding vias on the folded SIRs. The utilization of the 
grounding vias provides dual-band characteristic while also 
causing the shift to the higher resonance frequencies. 

All parameters (Y01, Y02, Y03 and θ1, θ2, θ3) that determine 
the K admittance ratio is very effective in determining the 
fundamental resonance frequencies. The simulated frequency 

responses versus different characteristic admittances (Y02) are 
investigated in Fig. 3 to exhibit the relations between the 
resonance frequency and the admittance ratio. It is well known 
that the characteristic admittance of the line decreases if the 
width of the related line reduces since the capacitance per unit 
length decreases. Therefore, the change of the Y02 characteristic 
admittance is given depending on the different w2 values in Fig. 
3. Only one parameter (w2) is changed while the other 
parameters are kept fixed to simplify the comparison. Also, both 
bandwidths can be controlled from left side of the passband as 
shown in Fig. 3. It should be noted that the bandwidth of the 
second passband rapidly changes. 

 

Fig. 3. Simulated frequency responses versus the characteristic admittances 
(Y02) depending on the w2 variation.  

The distance between the grounding vias which are placed 
on the interdigital structure affects only the second passband, as 
can be seen in Fig. 4. It means that the second passband can be 
controlled independently. 

 

Fig. 4. Simulated frequency responses versus the distance between grounding 
vias on the interdigital structure (dv).  

C. Design of the Triple-Band Bandpass Filter 

The proposed triple-band filter circuit consists of two short-
circuited SIRs stubs connected to each other with a 
transmission line, an interdigital structure with grounding vias, 
and the lumped capacitors connecting the interdigital structure 
and the resonator. To further explain the steps of the design, the 
simulated results of the development stages depending on Fig. 
1 are given in Fig.5. It should be noted that the filtering 
characteristic is preserved in the operating frequency range 
when passing from Step #2 to Step #3. To summarize, two 
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passbands are obtained through the vias added on the folded 
SIRs configurated depending on the admittance ratio in the 
design. The interdigital loading contributes to the shift down of 
the higher modes since it increases the capacitive effect of the 
resonator using the slow wave effect. It can be observed from 
Fig.5 that these modes are arranged as the second passband by 
adjusting the value of the attached lumped capacitors between 
the resonator and the interdigital structure. 

 

Fig. 5. Simulated results with a weak coupling for the development stages.  

III. EXPERIMENTAL STUDY 

To demonstrate the proposed approach, a triple-band 
bandpass filter has been designed and fabricated on an 
RT/Duroid 5880 substrate with a thickness of 0.51 mm and a 
relative dielectric constant of 2.2. A photograph of the fabricated 
filter is shown in Fig. 6(a).  

  
(a) 

 
(b) 

Fig. 6. a) Photograph of the facricated half-mode triple-band bandpass filter 
circuit b) the comparison of the simulated and measured results. 

The overall size of the designed filter is about 0.215λg x 0.175λg. 
λg is the guided wavelength at the measured center frequency of 
the first passband. All physical dimensions of the filter are given 
in Table I. The diameter of the grounding vias is 1.0 mm. The 
capacitance of the lumped capacitor is taken as 2.0 pF. 
Measurement has been performed by a Vector Network 
Analyzer Keysight N5222A PNA. The comparison of the 
measured and simulated results is depicted in Fig. 6(b). 
According to the measured results, the center frequencies of the 
passbands are 2.07 GHz, 3.93 GHz, and 6.83 GHz with insertion 
losses of approximately -0.93 dB, -0.97 dB, and 1.42 dB, 
respectively. The gap, which is marked by the red dashed line in 
Fig. 6(a), is extended towards the resonator to adjust the return 
loss level at the center frequency of all passbands. 

TABLE I.  DIMENSION OF THE FABRICATED HALF-MODE TRIPLE-BAND 
BANDPASS FILTER  

w1 w2 w3 w4 l1 l2 l3 g1 g2 dv 

1.9 5.6 0.7 0.5 18.8 18.5 9.2 0.4 0.3 0.8 

(All dimension in mm.) 

IV. CONCLUSION 

The half-mode triple-band bandpass filter configuration has 
been presented in this letter. The first and third passbands have 
been realized by connecting the two short-circuited stepped 
impedance resonators. Dual-band response is achieved by using 
grounding vias on the folded SIR stubs. It is possible to achieve 
the dual passband (first and third) using the same surface area 
without the need for an extra resonator circuit in this way. This 
property is quite critical for reducing the size of microwave 
components. In addition, the capacitance effect per unit length 
is increased through the capacitors placed between the 
interdigital structure and the resonator. Thus, an extra (second) 
passband has been obtained by moving the two higher modes 
to the operating frequency range. The half-mode triple-band 
filter design parameters have been described in detail by using 
a full-wave electromagnetic simulator. The configuration of the 
interdigital loaded SIR with lumped capacitors has been 
designed and performed to demonstrate its validity.  
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