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Introduction 

 
Fast development of broadband applications in wireless communications caused high 
interest in compact, low-loss, and light weight bandpass filters. The modern tendency for 
integration of different wireless standards in one device increased the interest in 
diplexers/multiplexer to separate channels as well as to provide coexistence of different 
standards in one circuit in microwave and mm-wave transceivers [1]. Diplexers are three 
port devices which are commonly used after multi-band or wide band antenna, take two 
or more frequencies in input port and separate them to two output ports.    
 
Conventional design procedure of the microwave diplexer/multiplexer consists of two 
steps. First step is design of microwave filters which are usually bandpass/bandstop 
structures [2] sometimes combined with lowpass/highpass filters. Second step is the 
combination of developed filters using matching networks [3]. Usually different types of 
T-junctions are used. The main requirement for any multiplexer is a high isolation 
between filters and low VCWR on the common port. Very often a connection of different 
filters to common port causes interaction and degradation of initial transfer characteristics 
of filters and additional reconfiguration of filters is required.          
 
In this paper a compact three–port four-channel microstrip multiplexer which 
consists of two dual-band bandpass filters is presented. Two compact dual-band 
microstrip pseudo-interdigital quasi-elliptical bandpass filters with stepped 
impedance resonators are used. The first filter has two channels centered at 1.65 
and 4.65 GHz and the second filter has two channels centered at 2.5 and 6.9 GHz. 
 

Filter and Diplexer Design 
 

Fig. 1 (a) illustrates the layout of stepped impedance resonator which is half 
wavelength resonator with two sections of low impedance on both sides and the 
section with high impedance in the middle. This structure also can be considered 
as composed two λg/4 stepped impedance resonators which is shown on Fig. 1(b) 
as midpoint at resonance can be represented as a short circuit.  
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Fig. 1. Structure of λg/2 SIR (a) and grounded λg/4 SIR (b) 

 
The resonance condition can be described as [4]: 

 
R=⋅ 21 tantan θθ                                                   (1) 

 
where R is the ratio of low impedance to high impedance: 
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which is used to tune the fundamental resonance and higher order resonances as  the ratio 
of first spurious resonance fs to fundamental resonance f0 is equal to: 
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Thus for design of dual-band filter in case when the first spurious resonance should be 
closer to fundamental resonance higher R should be used.  

 
Fig. 2. illustrates the layout of the proposed microstrip pseudo-interdigital stepped 
impedance bandpass filter. This filter is modified bandpass proposed in [5] filter with 
introduced stepped impedance resonators  
  
 

 
 

Fig.2. Layout of microstrip dual-band bandpass filter 
 
The centre frequency is defined by the length of resonators. The second pass band of 
filter can be regulated using different ratio R. For designed filters R was chosen to be 
R=0.86 as the higher R the higher losses due to discontinuities between resonators. Dual-
band filter was designed to have first pass band centered at 2.5 GHz and the second pass 
band at 6.9 GHz. The bandpass filter was simulated by using Agilent ADS Momentum 
[6] simulator and S-parameter responses are shown in Fig. 3. 
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Fig. 3. Simulated S-parameters of the dual-band bandpass filter 
 

In order to develop a diplexer a second dual-band bandpass filter with pass bands at 1.65 
and 4.65 GHz respectively. The structure of filter is the same just the length of stepped 
impedance resonators was increased. In order top decrease the losses on matching circuit 
both filters were connected to the same feeding line as it is shown in the Fig. 4.    
 
 

 
 

Fig. 4. Layout of proposed microstrip three-port multiplexer 
 
 The microstrip three-port multiplexer was simulated using Agilent ADS Momentum 
simulator and S-parameter responses are shown in Fig. 5. This combination also reduces 
the total size of diplexer1 which is 37 × 8.5 mm. For our design, a Rogers RT/Duroid 
5880 material with a substrate thickness of 0.508 mm and a dielectric constant of 2.2 was 
used. According the simulation multiplexer has very good transmission and reflection 
characteristics on both channels of the first pass bands of filters with minor distortions on 
the second channels of filters. The isolation between channels is about 20 dB.  
 
 As it was predicted the integration of two filters caused the distortion of characteristics 
and appearance of additional picks at about 3 and 6 GHz. The improvement of 
performance of multiplexer is under further investigation. Additional transmission zeros 
can be introduced to suppress unwanted picks implementing spur lines [7] in the stepped 
impedance resonators or using other convenient methods [8]. 
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Fig. 5. Simulated S-parameters of the microstrip diplexer. 
 

 
Conclusion 

 
This paper presents a compact microstrip three-port 4-channel multiplexer using dual-
band bandpass filters with good transmission and reflection characteristics on each 
channel. Proposed multiplexer configuration can be used for design of very compact 
multiplexer for broadband wireless applications using super compact microstrip pseudo-
interdigital quasi-elliptical bandpass filters with or without stepped impedance resonators. 
The size of the proposed circuit is reduced. The improvement of the performance of 
multiplexer through introduction of additional transmission zeros is under investigation.     
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