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I. INTRODUCTION 

In recent years, multiband bandpass filters (BPFs) have at-

tracted considerable interest in modern fast-growing wireless 

communication technologies, such as GSM (global system for 

mobile communications), WLAN (wireless local area network) 

and RFID (radio-frequency identification) systems, because 

microwave filters are the key element to passing the desired 

electromagnetic signal and blocking the undesired frequency 

band signal. For this, multiband bandpass filters with excellent 

performance—such as high 3 dB roll-off skirts through the 

generation of transmission zeros (TZs) between the pass-

bands—that are lightweight, low cost, compact size, and have 

high design flexibility are in strong demand [1–3]. 

To cope with the development of new era, dual-mode charac-

teristics can be implemented using the step impedance tech-

nique, open-short-circuited stubs, substrate integrated wave-

guide (SIW), SIW with mushroom resonators, and quantic 

mode resonators [1–16]. For example, a dual-band filter cen-

tered at 2.4 GHz and 4 GHz based on a step impedance ring-

loaded resonator is modelled in [1]. The presented filter shows a 

narrow bandwidth for the first passband and a wide bandwidth  
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Abstract 
 

This study presents an ultracompact dual-band bandpass filter with controllable transmission zeros based on quarter-wave dual-mode 

resonator for GSM (global system for mobile communications) and GPS (global positioning system) wireless applications. The filter is 

made up of two quarter-wave resonators, which help to independently control the passbands. A direct feed resonator creates the first oper-

ating band, which serves as a feeding source for the interior resonator and operates at a higher frequency band. Therefore, a pair of trans-

mission zeros can be energized between the two passbands, and high roll-off skirts are obtained. To reduce the size of the entire filter, the 

two resonators are bent and connected together through a hole in a metal base. The structure is symmetrical in nature, so both frequency 

bands can be obtained using the even-odd mode analysis method. For GSM applications, the center frequency of the first working band is 

850 MHz, while for GPS wireless applications, the center frequency of the second working band is 1.57 GHz. Although there is a feed 

line (λg is based on a waveguide length of 850 MHz), the filter has been simulated and fabricated for verification, with an ultra-compact 

size of 0.10 λg × 0.09 λg (0.0095 λg
2). The simulation results and measured results match well, and the theory of the design concept is 

recognized. 

Key Words: Even-Odd-Mode Analysis, Microstrip Dual-Band BPF, Quarter-Wavelength Resonator, Transmission Zeros. 

 

 

Manuscript received December 27, 2020 ; Revised May 6, 2021 ; Accepted July 12, 2021. (ID No. 20201227-213J)  
1Department of Electrical Engineering, University of Engineering and Technology, Peshawar, Pakistan. 
2College of Engineering, Al-Ain University, UAE. 
3Prince Sattam bin Abdulaziz University, Alkharj, Saudi Arabia. 
*Corresponding Author: Abdul Basit (e-mail: abdulbasit@uetpeshawar.edu.pk)   
 

 

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ⓒ Copyright The Korean Institute of Electromagnetic Engineering and Science. 



BASIT et al.: DESIGN AND ANALYSIS OF A COMPACT GSM/GPS DUAL-BAND BANDPASS FILTER USING A T-SHAPED RESONATOR 

139 

  
 

for the second passband. A drawback of a larger circuit area and 

poor selectivity is seen by exciting only two TZs between the 

passbands. A selectivity enhancement method is introduced in 

[2] using step impedance resonator (SIR) to design a two-band 

filter; however, the structure fails to reduce insertion loss (IL) 

and increase fractional bandwidth (FBW), which degrades the 

overall performance. A low-cost and lightweight SIW-based 

first-order dual-band filter centered at 1.94 GHz and 4.84 GHz 

is designed in [3]. The presented structure has a compact circuit 

area, but greater in-band IL and poor sharpness are observed by 

introducing two TZs between the passbands. A dual-band filter 

for Wi-Fi and WLAN applications is modeled in [4] to over-

come the drawbacks mentioned in [1–3]; however, the proposed 

design has a larger circuit area. A first-order dual-band filter 

with controllable bandwidth and wide stopband is designed in 

[5]. The filter shows a good FBW, but a complex larger circuit 

area and poor 3 dB roll-off skirts are the major drawbacks asso-

ciated with the design. A hexagonal-shaped second-order dual-

band filter with a simple topology is designed and fabricated in 

[6] based on a modified split ring resonator. The presented filter 

has good IL; however, a larger circuit dimension and poor selec-

tivity degrade the filter performance by introducing two TZs in 

the passbands. A second-order filter centered at 2.25 GHz and 

4.1 GHz is designed in [7], utilizing two mushroom resonators 

loaded inside in the cavity of SIW. However, the structure has 

the drawback of poor selectivity and larger circuit dimensions. 

To overcome the problems of poor sharpness and a larger circuit 

area in [5–7], a high selectivity first-order dual-band BPF based 

on the self-coupled resonator is designed in [8]. However, the 

proposed structure has the drawback of a narrow bandwidth and 

poor IL, especially in the second passband, which is greater than 

-3 dB. Second-order dual-band BPFs utilizing dual-mode dual 

loop resonators and multimode SIW cavity are reported in [9] 

and [10]. The proposed filters have good sharpness, but a nar-

row bandwidth, poor in-band ILs, and greater structural dimen-

sions are the major problems related to these designs. A two-

passband filter based on magnetically coupled resonators cen-

tered at 2.45 GHz and 5.6 GHz is designed and fabricated in 

[11]. However, the proposed structure has greater ILs and poor 

selectivity, consisting of only two TZs in the passband. Recently, 

high selectivity dual-band filters based on quantic-mode resona-

tor and hairpin line resonators have been presented in [12] and 

[13]; however, the reported filters have poor ILs, narrow FBW, 

and larger structure size. The authors of [14] designed a second-

order dual-band filter with controllable bandwidths at 2.1 GHz 

and 3.43 GHz based on a quintuple-mode resonator. The pre-

sented filter has the advantage of a wider bandwidth, but high 

IL, poor selectivity, and a larger circuit area are the drawbacks of 

this filter. A compact dual-band response for Wi-Fi and 

WLAN applications using SIR and shorted stub-loaded reso-

nators was presented in [15]. The proposed filter has the ad-

vantage of high return loss and high selectivity by exciting five 

TZs near the passbands, but the drawbacks are a larger circuit 

dimension, a narrow bandwidth, and high in-band losses. Re-

cently, a high selectivity dual-band response at 3.7 GHz and 4.8 

GHz using the transversal signal interaction concept was de-

signed in [16]. The proposed design shows good stopband per-

formance by introducing a dozen TZs between 5.2 GHz and 40 

GHz. However, the proposed filter has the drawback of high IL, 

narrow bandwidth in the first passband, and a larger circuit size. 

This research designs a compact and lightweight dual-band 

filter for GSM and GPS (global positioning system) applica-

tions to overcome the above challenges. The presented structure 

is designed on a shorted T-shaped λ/4 resonator. A direct feed 

resonator provides the first passband and provides the source to 

load coupling for a higher frequency band internal resonator. 

The coupled resonators generate a pair of TZs in the passbands, 

which guarantees high-frequency selectivity. Resonators A and 

B are folded and connected to a metallic via to minimize the 

filter size. The key benefit of this design is that it controls all 

TZs without altering the central frequencies, which is later 

shown in the paper. A symmetrical arrangement was used to 

achieve the two passbands, i.e., 850 MHz and 1.57 GHz, using 

the method of even-odd-mode analysis. The filter was designed 

and tested for authentication to measure the level of matching 

between the experimental and measured data. 

II. T-SHAPED RESONATOR ANALYSIS 

In total, three stubs exist in the T-shaped resonator, in which 

two are open ended while the third one is short circuited and 

can be seen in Fig. 1, where Y1 is admittance of the open-ended 

stubs with length L1, and Y2 is admittance of the short-ended 

stub with length L2. 

Since the topology obtained for this structure is symmetrical 

in nature with respect to plane A-A', an even-odd mode analy-

sis will be performed for both resonators (i.e., A and B) for 

characterization of the two passbands. The corresponding cir-

cuits of the odd and even modes are depicted in Figs. 2 and 3. 

For the lower band, outer resonator A is directly fed to achieve 

source-to-load coupling for the inner one, which is B in our case 

and which is operating for the higher band. Therefore, the res-

 

(a) (b) (c) 

Fig. 1. Proposed T-shaped resonator (a) with equivalent odd mode 

(a) and even mode (c).
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onance frequency equations of the fundamental even and odd 

mode can be calculated using the procedure mentioned in [17] 

and [18] and is given as follows: 
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In the above equations, c = 3 × 108 m/s and 𝜀  show the 

effective permittivity of the substrate material. From Eqs. (1)–

(4), the fundamental resonance frequencies can be obtained and 

are verified in Section IV. 

III. DUAL-BAND FILTER GEOMETRY 

Based on the geometrical study described in the previous sec-

tion, a dual-band BPF, with a size of 22 × 21 mm2 or 0.10 λg 

× 0.99 λg, is simulated in the High Frequency Structure Simu-

lator (HFSS) 15 software, designed on the Rogers RO-4350 

substrate having a height of 0.762 mm and relative permittivity 

of 3.66. The filter consists of two quarter-wavelength resonators 

with dual-mode symmetry. Both resonators are folded to mini-

mize the circuit size. Fig. 4 illustrates the topology of the dual-

band filter, and Table 1 sets out the geometric dimensions. 
To evaluate the corresponding resonance frequencies of the 

dual-band filter, the physical length of each resonator is deter-

mined using an even-odd-mode method. The first passband is 

created by resonator A, which is used as the feed mechanism for 

the internal resonator B working at a higher band. As the dual 

band filter is based on a quarter wavelength resonator, there are 

two modes in each passband: one is even, and one is odd. The 

resonance frequency of the first even mode is 0.90 GHz and is 

found using Eq. (1) and Fig. 2(a). The fundamental odd-mode 

frequency (i.e., 0.86 GHz) is found using Eq. (2) and Fig. 2(b). 

Similarly, Eqs. (3)–(4) and Fig. 3(c)–3(d) are utilized for the 

even-odd resonant frequencies of the second passband, i.e., 𝑓  = 1.53 GHz and 𝑓  = 1.57 GHz. The slight difference 

in frequencies is due to the resonator coupling, and they are 

adjusted in the HFSS software to our desired band applications. 

 
(a) (b) 

Fig. 2. (a) Odd-mode circuits and (b) even-mode circuits of resonator 

A. 

 

 
(a) (b) 

Fig. 3. (a) Odd-mode circuits and (b) even-mode circuits of resonator 

B. 

 

    
Fig. 4. Proposed dual-band BPF topology. 

 

Table 1. Geometrical length of the proposed dual-band BPF (unit: 

mm) 

Parameter Value Parameter Value𝐿 18.6 𝐿  1𝐿 7 𝐿  3𝐿 12 𝑊  1.7𝐿 18.6 𝑊  0.6𝐿 6.3 𝑊  0.5𝐿 11 𝑟 0.2𝐿 5.2 𝐺  1.2𝐿 1 𝑡  0.7𝐿 1.5 𝑑  0.25
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As seen in Fig. 5(a), length L3 is the controlling parameter of 

the first passband, and by altering, only the first passband is 

shifted while the second passband is unaffected. Similarly, in 

Fig. 5(b), length L6 controls the second passband, and by 

changing, it will shift only the second band while keeping the 

first band fixed. Thus, it is confirmed that the proposed filter is 

capable of independently controlling the two passbands. 

The second advantage of the proposed filter is that the 

transmission zeros on either side of the passbands can be regu-

lated according to the appropriate stopband frequency. As shown 

in Fig. 6, only the position of TZs is influenced by changing 

parameter t1, while the central frequencies remain fixed. This 

property makes the proposed filter unique compared to other 

published dual-band BPFs in the existing literature. We gener-

ate four transmitting zeros in the following manner. TZ1 is pro-

duced through source-to-load coupling, TZ3 is the inherent 

transmission zero, and TZ2 and TZ4 are excited with the help of 

two coupled symmetrical open-ended stubs. 
The coupling coefficient (𝐾 ) and external quality factor 

(𝑄 ) is determined using the following equations [18–22]; 
2 2

2 1
2 2

2 1
e

f fK
f f

−
=

+ , (5)

3.
c

ext
dB

fQ
BW

=
. (6)

 

In Eqs. (5) and (6), 𝐾  denotes the coupling coefficient, 𝑄  represents the external quality factor, 𝑓  and 𝑓  repre-

sent the higher and lower frequencies of each passband, 𝑓  is 

the central resonance frequency, and 𝐵.𝑊  is the absolute 

bandwidth at central frequency. 𝐾  can be determined by the 

coupling between the two resonators, while 𝑄  could be 

measured according to the outer resonator and the feedlines. As 

shown in Figs. 7 and 8, the coupling coefficient decreases as gap 

G1 and d1 increases with an increasing external quality factor [16, 

17, 23]. Fig. 9 indicates the relationship between 𝑄  and 

 
(a) 

 
(b) 

Fig. 5. Control of the first band (a) and second band (b) of the 

proposed dual-band filter. 

 

 
Fig. 6. Control of transmission zeros against parameter t1.

 
Fig. 7. Effect of 𝐾  and 𝑄  with respect to parameter G1. 

 

 
Fig. 8. Effect of 𝐾 and 𝑄  with respect to parameter d1.
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parameter t1, and by increasing t1, 𝑄  also increases according 

to Eq. (5). Figs. 7 and 8 present graphical plots of 𝑄  and Ke 

with respect to parameters G1 and d1. The figures show that if 

gap G1 increases, 𝐾  decreases accordingly, while 𝑄  im-

proves in Eqs. (5) and (6). 

IV. EXPERIMENTAL AND MEASURED RESULTS 

The proposed technique has been simulated and tested for a 

compact dual-band BPF. The filter is modelled in the following 

way. First, the sample is designed in the ANSYS HFSS 15 

electromagnetic simulator, and parametric analysis is performed 

to obtain the required dual-band frequencies. The simulated 

model is then checked for authentication using the Agilent 

E5071C network analyzer. In Fig. 10, a significant match can 

be found between the experimental and fabricated results. For 

feeding, two 50-Ω feedlines of 1.7 mm width are connected on 

both sides of the filter. The filter consists of two resonators A 

and B to control both bands separately. The first operational 

band is generated by resonator A, which provides the load-to-

source coupling for the second resonator, which creates the sec-

ond passband. For wireless applications such as GSM and GPS, 

the presented dual-band filter resonates at fundamental fre-

quencies, i.e., 850 MHz and 1.57 GHz. The absolute band-

width for each passband was 16.84% and 3.5%. A return loss of 

more than -15 dB was seen for each passband. Four controllable 

TZs were excited at different frequencies (i.e., 1.04 GHz, 1.16 

GHz, 1.82 GHz, and 2.22 GHz) to increase the sharpness and 

the stop band performance of the filter. For the GSM and GPS 

frequency bands, the minimum ILs (-20 log|S21|) are 0.98 dB 

and 1.11 dB, respectively. Moreover, Table 2 provides a detailed 

comparison datasheet with the most recent published work in 

terms of IL, FBW, TZs, and circuit area [3–14]. The compari-

son shows that the presented structure has the potential to com-

pete in the market with existing ones for wireless applications. 

V. CONCLUSION 

In this article, a symmetric T-shaped dual-mode λ/4 resona-

tor is employed for designing a compact dual passband filter for 

wireless applications such as GSM and GPS systems. The dual-

band filter with four controllable transmitting zeros was ob-

tained using λ/4 wavelength (A and B) resonators. The fabricated 

filter has a total size of 22 × 21 mm2 independent of the feed-

 
(a) 

 
(b) 

 
(c) 

Fig. 10. (a) Experimental and measured frequency plots of the pro-

posed dual-band filter. (b) First passband in detail. (c) 

Second passband in detail. 

 
Fig. 9. External quality factor against parameter t1. 
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line. Finally, the filter has been fabricated to check the simulat-

ed results with the measured one. Owing to the planar structure, 

low losses, and compact size, the designed filter has good inte-

gration ability in the existing emerging wireless multiband 

applications. 
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