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 A novel Tri-band bandpass filter (BPF) based on impedance and admittance 

inverters is presented in this paper. Based on the impedance and admittance 

inverters analysis, the tri-band BPFs first three resonance frequencies can be 

conveniently controlled. Benefiting from this feature, the impedance and admittance 

inverters can be utilized to implement a tri-band BPF. To demonstrate the proposed 

concept, a tri-band BPF using an impedance and admittance inverters are 

implemented. The experimented results verify the theoretical predictions and 

simulations at 1.8GHz, 2.45GHz and 5.8GHz respectively. 
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INTRODUCTION 

 

 Microwave filter plays an important role in modern wireless and mobile communication systems. Planar 

filters are particularly popular structures because they can be fabricated using printed circuit technology and are 

suitable for commercial applications due to their compact size and low cost integration. Therefore, many 

applications to planar filter such as single-band and multi-band bandpass filters have been used in microwave 

communication systems due to their high performance and simple synthesis procedures. Multi-band multi-

standard wireless communication systems have been gaining much attention in recent years. These systems 

prefer multi-band transceivers to several single-band ones. To meet the increasing communication requirements, 

many wireless communication systems have been developed and widely used in ours day today life, such as 

GSM (1800/1900), WCDMA, WLAN and WiMAX. To incorporate two or more desired communication bands 

in a single unit and to filter unwanted frequencies, filters with a multi-band response have attracted more and 

more interest in modern microwave systems. So far, multi-band BPFs have been investigated aggressively to 

satisfy the newly developed multi-service system and the commercial products. Particularly in tri-band 

transceivers, tri-band BPFs are important building block and thus heavily demanded. In filter design now-a-

days, the leading technique is to use multi-band and multi-mode resonance structures. Multi-mode ring 

resonators, step-impedance resonators (SIRs) and stub-loaded resonators (SLRs) are popular for the design of 

multi-band BPFs (Chen.C.F et al., 2006: Chen.B.J et al., 2009: Chen. F.C et al., 2009:  Luo. S et al., 2011) 

Conventionally tri-band BPFs can be realized by utilizing three sets of resonators with a common feed circuit. 

However, the overall size is large due to the large number of resonators. To reduce the circuit size, the number 

of resonator sets can be reduced from three to two (Chen.B.J et al., 2009: Di.H et al., 2010: Hsu. C.I.G., et al., 

2008: Lai.X, Liang., et al., 2008). One set of resonators operate at two frequencies and the other at one 

frequency. Hence, three pass bands can be obtained by using two sets of resonators. Furthermore, a tri-band 

filter can be designed by using only one set of resonators. Another method to design tri-band filter is to use 

transmission zeros to split a single passband to three pass bands. The transmission zeros can be generated by 

stubs or cross coupling. For close spaced triple pass bands, it is feasible to split a single passband into three 

passband by introducing transmission zeros between the adjacent pass bands. This method, however, is not 

applicable in the case of wide spaced pass bands (Chen.W.Y. et al., 2007: Matthaei.G.L., et al: Ren.L.Y, 2010). 

Besides, there were some other methods, such as band-splitting technique, frequency transformation, and so on 

(Chang, C.Y et al.,1991: Mokhtarri. M, et al., 2006). In the above approaches, there are three major problems 

remained to be solved, namely compact size, difficult to fabricate and independent control of passband 

frequencies and bandwidths. In this paper, Tri-band BPF is realized by using impedance and admittance 

inverters, which are arranged in a compact structure. The coupling coefficient and bandwidth of each band are 

extracted and the design guidelines are given, clearly indicating that the characteristics, including band 
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frequencies and bandwidths of each band of the proposed tri-band BPF filter can be controlled independently. 

To verify the proposed concept, a tri-band BPF with three passbands located at WLAN (2.45/5.8 GHz) and 

GSM (1800 MHz) is designed, simulated, fabricated and measured. The measured results agreed well with the 

simulated predictions. 

 

2. Design of Tri-Band Bpf Using Series and Parallel Resonators: 

 In this section, a bandpass filter using a lumped element is designed to verify the series and parallel LC 

resonators application in Tri-BPFs. Figure 1 shows the structure of the equivalent circuit of the proposed filter 

using a series and parallel LC resonators. 

 
Fig. 1: Tri-band BPF using Series and Parallel resonators. 

 

 It is consists of two sets of LC resonators. The series and parallel LC resonators are operating at the 

passband and stopband frequencies respectively. This filter has three pass bands and the passband specifications 

should be met simultaneously. The design procedure is as follows: The mapping function is given as: 

(1)
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 The series branch element values of the lumped tri-band BPF can be calculated by using the following 

equations: 
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Table 1: Parameters of the series branch elements. 

Series branch element values of the lumped tri-band BPF 

Inductor values (nH) Capacitor values (pF) 

Lpssk
 

Lpspk
 

Lsspk
 

Lsssk  
Cpssk

 
C pspk

 
Csspk

 
Csssk  

1.03 12.59 18.05 4.29 7.56 0.13 0.11 1.31 

0.38 11.44 16.40 3.90 8.32 0.14 0.12 1.45 

 

 The shunt branch element values of the tri-band BPF can be calculated by using the following equations 

 
Table 2: Parameters of the shunt branch elements. 

Shunt branch element values of the lumped tri-band BPF 

Inductor values (nH) Capacitor values (pF) 

L pppk
 

Lspsk
 

L ppsk
 

Lsppk
 

Cspsk
 

C pppk
 

Csppk
 

C ppsk
 

3.2842 0.327 0.267 13.71 5.038 1.7194 0.411 7.2214 

3.6154 0.365 0.294 15.09 4.577 1.5619 0.373 6.5613 
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 Finally, the calculated values are slightly tuned to get desirable bandwidth of each passband as given in 

Table 1 and 2. The lumped element tri-band BPF is easy to design and tune. However, the lumped element 

devices are not suitable at the microwave frequency range.  

 

3. Design of Tri-Band BPF Using Impedance and Admittance Inverters: 

 This section presents the design methodology of impedance and admittance inverters, which form the basis 

of design for many different types of multi-band BPFs. As we discussed, BPF prototypes require shunt elements 

consisting of parallel LC resonators and series elements consisting of series LC resonators. Such an arrangement 

is very difficult to implement using transmission line sections, for which it is preferable to have either all shunt, 

or all series elements. While the Kuroda’s identities are useful for transforming capacitors or inductors to either 

series or shunt transmission line stubs, they are not useful for transforming LC resonators. For this purpose, 

impedance (K) and admittance (J) inverters can be used. Such techniques are especially useful for BPF having 

narrow bandwidths. The conceptual design of impedance and admittance inverters is illustrated in figure 2. An 

impedance inverter converts load impedance to its inverse, while an admittance inverter converts load 

admittance to its inverse: 
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where K is the impedance inverter constant and J is the admittance inverter constant. The utility of impedance 

and admittance inverter can be used to transform between series-connected and shunt-connected elements. Thus, 

a series LC resonator can be transformed to a parallel LC resonator, or vice versa. The proposed BPF is 

designed by using T network (K inverter), or a π network (J inverter) (Luo.S.,et al., 2011). 
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The values of l is given as, 
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For even values of i, the circuit elements of figure 2 calculated as: 
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 The impedance value can be calculated by using the following equation: 
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Fig. 2: J-inverters and series LC inverters. 

 

 The proposed concept introduces the flexibility in choice of J-inverter values and allows the designer more 

freedom in the design and realization of the proposed tri- band BPF.           

 

4. Design and Fabrication: 

 For demonstration purpose, a tri-band BPF is implemented operating at 1.8GHz, 2.45GHz, and 5.85GHz, 

respectively. Figure 3 shows the geometry of the proposed tri-band microstrip BPF. The design parameters are 

calculated by using the microstrip line synthesis formula. The layout of the proposed design is shown in figure 

3. By using the synthesize parameters the proposed BPF is simulated in Agilent ADS software. Following the 

design process, the dimensions are determined as tabulated in Table 3. The experimental filter is fabricated on a 

substrate with a relative dielectric constant of 4.6 with thickness of 1.6 mm. The overall size of this tri-band 

BPF is 4 X 3.3 cm2. The photograph of the fabricated prototype is shown in figure 4. 

 
Fig. 3: Layout of the Tri-band BPF. 

  
Table 3: Dimension of the proposed tri-band BPF. 

Admittance Inverter values Impedance  Length (mm) 

 

Width (mm) 

 

J01 = 0.025 Z01 = 40 L01 = 13.41 W01 = 4.25 

J12 = 0.033 Z12 = 30.30 L12 = 13.1 W12 = 6.4 

J1  = 0.058 Z1   = 49.99 L1   = 2.96 W1   = 2.96 

Inductor(nH) and Capacitor 

values (pF) 
Impedance  Length(mm) Width(mm) 

Lb = 0.34224 

Cb = 4.819 

Zb = 24.43 Lb = 12.91 Wb = 8.53 

Lx = 2.0026 

Cx = 0.9771 

Zx = 45.27 Lx = 13.56 Wx = 3.49 
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Fig. 4: Fabricated prototype of the proposed BPF. 

 

RESULTS AND DISCUSSION 

 

 The S parameter measurement of the fabricated prototype model has been carried out using Agilent 

N5230A PNA series vector network analyzer. The measured results are agreed well with the simulated results. 

The return loss and insertion losses are measured as shown in figure 5 and 6 for the three passbands centered at 

f1, f2 and f3. The proposed design has minimum insertion loss at the desired frequency ranges.  

 
 

Fig. 5: Return loss(S11). 

 
Fig. 6: Insertion loss(S12). 

 
Table 4: Performance comparison. 

 

Filter 

Frequency S11(dB) S12(dB) 

Simulated Measured Simulated Measured 

Tri-band BPF  -27.84 -27.04 -0.475 -1.575 

 -20.673 -19.87 -1.002 -2.10 

 -13.59 -12.79 -0.763 -1.863 

 

Conclusion: 
 This research work concludes, the bandwidth of the proposed design can be arbitrarily controllable by using 

J and K inverters. The proposed design uses the impedance and admittance inversion techniques which were 

applied for easy realization of the distributed transmission lines. The proposed method is flexible enough to 

enable the design of BPFs with three pass bands of significantly different bandwidths. In future this technique 

can be useful for the design and development of multi-band BPFs which can be used in multi-band 

communication systems. 
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