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I. INTRODUCTION 

The field of microwave and radio frequency communication 

continuously demands a compact wireless transceiver for com-

mercial products, especially in the combination of IEEE 

802.11b/g (GSM), IEEE 802.11a wireless local area network 

(WLAN), global position system (GPS), radio frequency iden-

tification (RFID), and automotive radar system. One of the key 

components in such a system is a bandpass filter (BPF) with a 

compact size and high isolation, and its performance dominates 

the entire microwave communication system. For this, the de-

sign of a triple-band BPF with a compact size and low insertion 

loss plays an important role in the wireless transceiver, but this is 

a great challenge for circuit designers [1–6]. 

 In the past several years, triple-band BPFs have been inten-

sively proposed and investigated by combining two or more sin-

gle BPFs, a stub loaded resonator (SLR), a step impedance reso-

nator (SIR) with one or more step discontinuities, and multi-

mode resonators (MMRs). The SIR with one-step discontinuity 

has more design freedom to control the spurious bands when 

compared to the traditional SIR, which has two step discontinu-

ities, leading to more losses and a larger circuit size. It has the 

advantages of designing higher-order compact BPFs with a high 

selectivity and low insertion losses, such as dual-, tri-, quad-, 
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Abstract 
 

In this article, a simple method is developed to design a highly miniaturized tri-band bandpass filter (BPF) utilizing two asymmetric cou-

pled resonators with one step discontinuity and one uniform impedance resonator (UIR) for worldwide interoperability for microwave 

access (WiMAX) and radio frequency identification (RFID) applications. The first and second passbands located at 3.7 GHz and 6.6 

GHz are achieved through two asymmetric coupled step impedance resonators (SIRs), while the third passband, centered at 9 GHz, is 

achieved using a half-wavelength UIR, respectively. The fundamental frequencies of this BPF are implemented by tuning the physical 

length ratio (α) and impedance ratio (R) of the asymmetric SIRs. The proposed filter is designed and fabricated with a circuit dimension 

of 13.69 mm × 25 mm (0.02 λg × 0.03 λg), where λg represents the guided wavelength at the first passband. The experimental and meas-

ured results are provided with good matching. 
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or quintuple BPFs, because of its inherently higher order reso-

nant modes [7]. A tri-band BPF loaded with a pi-section SIR 

was presented in [8] for GPS (Link-2), WiMAX, and WLAN 

applications, with the merit of a greater bandwidth but also with 

issues related to filter selectivity, insertion losses, and a larger size. 

In [9], another triple-band response was achieved using asym-

metric SLRs for wireless medical telemetry service (WMTS), 

WLAN, and WiMAX applications, with the shortcomings of a 

high insertion loss, low fractional bandwidth (FBW), poor se-

lectivity and larger circuit dimensions. To improve the isolation 

between the passbands as well as the passband insertion losses, a 

high-frequency selectivity triple-band BPF was designed and 

fabricated with Rogers RO-4003 material in [10] using a novel 

MMR for WCDMA/WiMAX/WLAN wireless applications. 

The filter had the strong merits of a greater bandwidth and low 

insertion loss, but the size of the filter still needs to be improved, 

and the circuit complexity also increases using MMRs. In [11], 

the authors utilized a double mode to design a filter giving three 

passbands for GSM and GPS wireless applications. The filter 

showed a good performance for insertion loss as well as high-

frequency selectivity via exciting six transmission zeros (TZs) 

between the bands, but a larger circuit size was still considered a 

major drawback associated with the design. Another three-

working band filter was designed using a composite-right/left-

handed (CRLH) resonator in [12]. The presented filter had 

serious issues regarding FBW, circuit size, poor isolation be-

tween the passbands as well as insertion losses, especially for the 

first and third passbands, which were greater than 3 dB. To 

overcome this size problem and make the filter suitable for 

compact wireless transceivers, in [13], a high-selectivity dual- 

and tri-band filter was designed and implemented on Roger’s 

substrate material using a common resonator feeding technique. 

However, while the presented filter had good passband insertion 

loss, it also had lower FBW, and its size could still be upgraded. 

In [14], an asymmetric T-shaped SLR-based tri-passband filter 

was designed for 2.48/3.58/4.48 GHz wireless applications, 

resulting in wider FBW and low in-band insertion loss; however, 

the larger circuit area and poor isolation between the passbands 

were its major disadvantages. The authors of [15, 16] designed a 

triple-band BPF using SIR structure with good passband selec-

tivity, but larger circuit dimensions were a major drawback asso-

ciated with the design. Moreover, the later study had poor inser-

tion loss as well as low FBW. Recently a uniform impedance 

resonator (UIR)-based tri-band filter was designed and imple-

mented in [17]. The proposed design included a larger circuit 

area, poor FBW, and insertion losses. To improve the passband 

insertion loss, a compact three-passband filter was designed us-

ing ring MMRs in [18]. The proposed filter had good selectivity, 

but, again, the larger circuit area was still an issue. 

In this article, an ultra-compact triple-band BPF is proposed 

that uses two asymmetric coupled resonators with one step dis-

continuity and one UIR for IEEE 802.16 (WiMAX) and RFID 

wireless applications at 3.7 GHz, 6.6 GHz, and 9 GHz with a 

FBW 7.52%, 5.1%, and 4.44%, respectively. The first and second 

passbands are achieved through asymmetric coupled SIRs, while 

the third passband are obtained using a half-wavelength UIR. 

The resonance frequencies of this BPF are determined by tun-

ing the physical length ratio (α) and impedance ratio (R) of the 

asymmetric SIRs. Additionally, the coupling coefficient can be 

determined based on the space between the two resonator and 

the coupling gap between the pair of asymmetric SIRs and the 

50-Ω input/output ports. The proposed triple-band BPF is then 

fabricated on a Rogers substrate, with the experimental results 

matching well with the measured results. Overall, this article 

presents a simple method for designing an ultra-compact triple-

passband filter without a complex design and fabrication process. 

II. DESIGN PROCEDURE OF THE ASYMMETRIC SIRS 

 

The basic structure of an asymmetric SIR is illustrated in Fig. 

1, while the proposed filter topology along with the geometrical 

dimensions in millimeters (mm) is depicted in Fig. 2, where it is 

shown that it is fabricated on Rogers RO-4350 substrate with a 

thickness of 0.762 mm. The proposed asymmetric SIR topology 

consists of a high-impedance section (Z1) cascaded with a low-

impedance section (Z2) which are bent in a ring-like shape to 

reduce the circuit size. A pair of 50-Ω coupling ports are at-
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Fig. 1. Proposed asymmetric SIR configuration with one step dis-

continuity. 
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Fig. 2. Proposed topology of the tri-band filter with geometrical 

dimensions in millimeters ( 𝐿 = 6.8, 𝐿 = 11, 𝐿 = 3.7,𝐿 = 5, 𝐿 = 10, 𝐿 = 1,  𝐿 = 4.5,  𝐿 = 6, 𝑊 = 0.23,𝑊 = 1.4, 𝑊 = 0.25,  𝑊 = 0.8,  𝑆 = 0.7, 𝑆 = 0.2). 
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tached to the asymmetric SIR at the input/output port to obtain 

the desired coupling coefficients. The proposed configuration 

has a one-step discontinuity when compared to the convention-

al SIR, which has a two-step discontinuity; due to this arrange-

ment, the harmonics of the fundamental resonance frequencies 

can be easily shifted far away without increasing the circuit size 

or number of the discontinued step impedance sections. The 

length and width of the high and low-impedance sections are 

denoted by L1, W1, and L2, W2 with characteristic impedances Z1 

and Z2, respectively, whereas θ1 and θ2 represent the electrical 

lengths of the high-impedance and low-impedance sections of 

the microstrip line, as shown in Fig. 1. The physical length ratio 

(α) and impedance ratio (K) of the asymmetric SIR can be de-

fined as follows [7]: 𝛼 = 𝜃𝜃 + 𝜃 = 𝜃𝜃  
(1)

 

where 𝜃  is the total wavelength of the asymmetric SIR 
 𝑅 = 𝑍𝑍 = 𝑡𝑎𝑛𝜃 𝑡𝑎𝑛𝜃  

(2)
 

where  𝜃 = 𝛽 𝑙  𝑎𝑛𝑑 𝜃 =  𝛽 𝑙 . 

The characteristic input admittance, 𝑌 , of the asymmetric 

SIR seen from the open-end can be found by neglecting the 

effect of the discontinuities, as follows: 
 

 𝑌 = 𝑗 𝐾(𝑐𝑜𝑡𝜃 − 𝑡𝑎𝑛𝜃 ) + (𝑐𝑜𝑡𝜃 − 𝑡𝑎𝑛𝜃 )𝑍 [12 (𝑐𝑜𝑡𝜃 − 𝑡𝑎𝑛𝜃 )(𝑐𝑜𝑡𝜃 − 𝑡𝑎𝑛𝜃 ) − 2𝐾] (3)
 

The resonance condition occurs when equating the above 

equation to zero—i.e., 𝑌 = 0. Thus, the proposed filter appli-

cations, such as WIMAX and RFID, are achieved simultane-

ously by choosing the appropriate impedance ratio (R = 0.45) 

and physical length ratio (α = 0.71), respectively. 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

An ultra-compact tri-passband filter with dimensions of 13.69 

mm × 25 mm (0.02 λg × 0.03 λg) and 0.0006 λ2
g circuit size, 

where λg represents the guided wavelength at the first passband, 

consisting of two asymmetric SIRs and one UIR fabricated on 

Rogers RO-4350 substrate with a relative permittivity of 3.66 

and tested on an Agilent E5071C network analyzer is presented 

in this study. The first and second passbands centered at 3.7 

GHz and 6.6 GHz were obtained by two coupled asymmetric 

SIRs for WiMAX and RFID applications, while the third pass-

band centered at 9 GHz was achieved through the UIR, which 

is attached to the input/output port transmission line. The two 

asymmetric SIRs are designed in such a manner that they pro-

duce the desired coupling coefficient and quality factor with the 

input/output port of the microstrip line. Thus, the coupling co-

efficient and quality factor shown in Figs. 3 and 4 can be deter-

mined by the space, S1, between the two resonators, which is 

fixed at 0.2 mm, and the coupling gap, W3, between the pair of 

asymmetric SIRs and the input/output ports. The quality factor 

coefficient (Q) and coupling coefficient (𝐾 ) can be found using 

the following expression [19]: 
 𝑄 = 𝑓𝐹𝐵𝑊 (4)

 𝐾 = 𝑓 − 𝑓𝑓 + 𝑓  
(5)

 

In the above equation, f1 and f2 demonstrate the lower and 

upper resonance frequency modes of the asymmetric SIRs, fc 

represents the resonant mode frequency, and FBW denotes the 

FBW (in a percentage). 

In this paper, the first two passbands were generated using 

asymmetric coupled SIRs by choosing design parameters of a 

high impedance section (Z1 = 123.5 Ω, θ1 = 81.2º) with a strip 

width of 0.23 mm and a low impedance section (Z2 = 55.8 Ω, 

θ2 = 195.3º) with a strip width of 1.4 mm, respectively. The res-

onant frequency ratio (f2/f1 = 1.83, f3/f1 = 2.5) and the imped-

   
Fig. 3. Plots of Q and K with W3 gap. 

 
 

  
Fig. 4. Plots of Q and K with S1 gap. 
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ance ratio (R = 0.45) with a physical length ratio of α = 0.71 

were selected for the proposed asymmetric resonator to generate 

the two passbands at the frequencies of 3.7 GHz and 6.6 GHz, 

respectively. The third passband was obtained through UIR cen-

tered at 9 GHz. Fig. 5 shows the filter response with and with-

out the UIR, revealing that the third passband is obtained by the 

UIR. Fig. 6 demonstrates the simulated and measured frequency 

response along with a fabricated photograph of the proposed 

tri-band filter. This shows that the fabricated filter resonates at 

f1 = 3.7 GHz, f2 = 6.6 GHz, and f3 = 9 GHz for WiMAX and 

RFID wireless applications, with a 3-dB FBW of FBW1 = 

7.52% for the first passband, FBW2 = 5.1% for the second pass-

band, and FBW3 = 4.44% for the third passband, respectively. 

The minimum insertion loss (-20 log|S21|) is 0.99 dB for 3.7 

GHz, 1.17 dB for 6.6 GHz, and 1.50 dB for 9 GHz, while the 

return loss (-20 log|S11|) is greater than 10 dB for the three 

passbands. The coupling between the two resonators (denoted 

by S1) and the gap, W3, between the pair of asymmetric SIRs 

and the input/output ports generate four TZs at 3.19 GHz, 

4.71 GHz, 7.72 GHz, and 9.91 GHz between the passbands, 

thus obtaining a high selectivity. Moreover, the space, S1, should 

be minimal for achieving a lower insertion loss. Table 1 summa-

rizes the comparison of the proposed triple-band BPF with other 

state-of-the-art filters in the literature, proving that the present-

ed filter has a low insertion loss, wide bandwidth, and compact 

size as well as the potential to be utilized in WiMAX, RFID, 

and other tri-band applications [10–18, 20–22]. 

IV. CONCLUSION 

In this paper, a highly miniaturized triple-band BPF utilizing 

a pair of asymmetric SIRs with one step discontinuity and a 

UIR that shows a good tri-band response at 3.7 GHz, 6.6 GHz, 

and 9 GHz with a 3-dB FBW of 7.52%, 5.1%, and 4.44%, is 

designed and implemented through an electromagnetic simula-

tion and experiments for WiMAX and RFID applications. The 

filter can be tuned by choosing the appropriate impedance ratio 

(R) and physical length ratio (α) of the asymmetric SIRs. The 

experimental results matched well with the measured results. 

 
Fig. 5. Frequency plots of the filter with and without a uniform 

impedance resonator (UIR). 

 

 
Fig. 6. Experimental and fabricated resonance frequency plots of 

the asymmetric tri-band filter.

Table 1. Comparison between the proposed model with other recent tri-band filters

Reference Center frequency (GHz) Insertion loss (dB) Fractional bandwidth (%) Size (λg × λg)

[10] 2.09 / 3.52 / 5.46 1.18 / 0.54 / 0.88 11.3 / 20.0 / 12.1 0.12 × 0.42

[11] 0.83 / 1.57 / 1.88 0.9 / 1.7 / 0.8 NA 0.21 × 0.15

[12] 3.3 / 6.0 / 9.0 3.06 / 2.71 / 3.16 3.0 / 4.7 / 3.5 0.056

[13] 1.24 / 2.5 / 3.5 0.5 / 1.8 / 2.1 8.0 / 3.8 / 4.4 0.15 × 0.12

[14] 2.48 / 3.58 / 4.48 0.6 / 0.3 / 1.01 10.0 / 12.8 / 8.0 0.26 × 0.23

[15] 0.9 / 2.4 / 5.5 0.64 / 0.68 / 1.4 23.0 / 10.0 / 17.0 0.13 × 0.16

[16] 1.9 / 3.35 / 5.8 0.94 / 1.21 / 1.93 4.74 / 8.61 / 2.78 0.19 × 0.23

[17] 1.93 / 2.6 / 3.9 1.5 / 0.6 / 1.83 5.0 / 11.0 / 3.0 0.54 × 0.77

[18] 1.21 / 2.16 / 3.1 0.8 / 0.9 / 1.2 NA 0.14 × 0.20

[20] 2.4 / 3.5 / 5.15 1.6 / 1.6 / 1.0 6.0 / 5.0 / 7.0 0.23 × 0.19

[21] 2.4 / 3.5 / 5.2 1.2 / 1.8 / 1.5 6.3 / 4.4 / 5.9 0.049

[22] 1.8 / 2.4 / 3.5 1.2 / 1.8 / 2.1 7.8 / 3.7 / 2.9 0.23 × 0.20

This work 3.7 / 6.6 / 9.0 0.99 / 1.17 / 1.50 7.52 / 5.1 / 4.44 0.02 × 0.03



JOURNAL OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 21, NO. 4, SEP. 2021 

320 
   

  

Moreover, the measured results indicate that the presented tri-

band BPF has a wide bandwidth, low insertion loss, and com-

pact size and can be extensively applied in high-performance 

modern multiservice wireless communication systems. 
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