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Abstract 

A band-pass filter (BPF) is an essential part of a wireless communication system as it functions to reduce interference and 
noise. Many structures have been proposed to achieve a high-quality BPF. Typically, these structures utilize vias. However, vias 
has several drawbacks, including impedance discontinuities, increased resistance values, and complex structures. In this study, we 
propose a dual-band BPF based on a cascaded closed ring resonator (CCRR) without using vias. Specifically, the proposed structure 
consists of multiple CCRRs connected at the corner pattern and incorporates capacitive coupling to the input impedance. 
Additionally, the CCRR configuration has dual sizing to achieve dual-band performance. Subsequently, the proposed BPF is 
simulated and fabricated using Duroid Rogers RT 5880 with dielectric constant εr = 2.2, dissipation factor tan δ = 0.0009, and 
thickness h = 1.575 mm. The measurement results demonstrated that the dual-band BPF operated at a resonant frequency of 2.50 
GHz with a transmission coefficient (S21) value of -2.18 dB in the first band. In the second band, a resonant frequency of 3.70 GHz 
was obtained with an S21 value of -1.43 dB. The bandwidth in the first band was 160 MHz, and in the second band, it was 110 
MHz. Moreover, based on the measurement results, the reflection coefficient (S11) in the first band was -11.05 dB, while in the 
second band, it was -23.3 dB. The excellent agreement between the simulation and measurement validates the proposed method. 
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I. INTRODUCTION 

A band-pass filter (BPF) is an important part of the 
wireless communication system. It has a function for 
interference and noise reduction. Many structures were 
proposed to obtain a good quality of BPF [1]–[5]. BPF 
has several parameters, such as transmission coefficient, 
reflection coefficient, frequency center, and bandwidth 
[6]–[9]. There are several interesting methods to develop 
dual-band BPF. Firmansyah et al. [10] proposed dual-
wideband BPF. A cross-stub stepped impedance 
resonator (CS-SIR) was utilized to obtain dual wideband 
performance. Moreover, the BPF was analyzed using an 
impedance model. Besides, Aribowo introduced a multi-
stub resonator to obtain dual-band BPF. The proposed 
BPF has a frequency center of 0.9 GHz and 1.85 GHz. 
The proposed filter structure has a drawback, such as its 
large size [11]. Therefore, meandering structures [11]–

[13] and folding [14] are usually used to reduce the size 
of BPF. 

Weng et al. [15] propose dual-band BPF by 
combining the stepped impedance resonators (SIRs) and 
multilayered structures. The proposed filter has a wide 
and narrow band with a frequency center of 2.4 GHz and 
5.2 GHz. The proposed BPF has several multipath 
propagations to produce multi-transmission zeros. 
Moreover, Chang et al. [16] proposed dual-band BPF 
with hairpin-line resonators and slot-coupled resonators 
based on a multilayered structure. The proposed filter has 
a frequency of 2.4 GHz and 5 GHz. Moreover, 
discriminating coupling is introduced. Therefore, the 
number of transmission zeros is increasing. The 
simulation and measurement have a good agreement. 

Another interesting method was proposed by Ta et 
al. [17]. The quasi-lumped hybrid LC resonators were 
proposed. Then, the shunt-inductor impedance inverters 
were also developed. The proposed resonator structure 
was developed based on a multilayer organic substrate. 
Moreover, it had a frequency of 1.7 GHz and 4.0 GHz. 
The next dual-band BPF research is based on the design 
of low-temperature co-fired ceramics (LTCC). The 
LTCC structure was proposed by Elelimy et al. [18]. The 
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LTCC is a combination of broadside-coupled and edge-
coupled strip lines with a multilayer structure. A 
multilayered structure is a good strategy for reducing the 
size of BPF. However, it has several drawbacks, such as 
complex structure dan unnecessary electromagnetic 
coupling between layers. 

Moreover, Tang et al. [19] proposed substrate-
integrated defected ground structure (SIDGS) to obtain 
dual-band BPF with low loss. The structure has two 
different defective ground structures (DGSs) surrounded 
by metal vias. The dual-band BPF operates at 2.10 and 
3.78 GHz. Then, a substrate integrated waveguide (SIW) 
filter using dual-complementary split ring resonator 
(CSRRs) and Z-shaped was proposed by Yin [20]. 
Utilizing a SIW can increase the flatness in the pass band. 
Multiple vias are used to obtain the SIW configuration. 
Furthermore, Iqbal et al. [21] introduced a dual-band 
half-mode SIW filter. A couple of E-shaped coupling 
slots with half-mode substrate integrated waveguide 
(HMSIW) were arranged. The proposed BPF has suitable 
for integration with a planar structure. Then, an ultra-
wide BPF using an integrated substrate gap waveguide is 
proposed by Ruan et al. [22]. However, using vias has 
several drawbacks, such as complex structure, high 
resistance, expensive, and high possibility of unnecessary 
mixed signals. 

This research proposed dual-band via-less BPF 
based on a cascaded closed ring resonator. The proposed 
filter has a single-layered structure. It has a simple 
structure and is easy to fabricate. Moreover, the via-less 
configuration can avoid high resistance. In detail, the 
dual-band BPF is essential for making a more efficient 
RF device due to concurrent implementation. 

Moreover, the ring resonators have several 
advantages compared to other types of resonators at 
microwave frequencies, such as highly compact. They 
can be fabricated on a small chip, making them suitable 
for integration in miniaturized microwave circuits. Then, 
the geometry of a ring resonator can be easily modified 
to tune its resonant frequency. By adjusting the radius or 
width of the ring, the resonant frequency can be tailored 
to specific applications or easily adjusted during the 
design process. Ring resonators generally exhibit low 
dispersion, allowing them to maintain their resonant 
frequency over a wide range of input frequencies. It has 
a planar technology that enables cost-effective mass 
production and integration with other planar microwave 
components.  

It should be noted that the proposed BPF was 
designed for WLAN and 4G (2.4 - 2.6 GHz) and upper 
band 4G (3.5 - 3.7 GHz) applications. Then, the proposed 
BPF should meet several specifications, such as the 
transmission coefficient value is better than -3 dB, the 
reflection coefficient is better than -10 dB, dan the 
minimum bandwidth is 100 MHz. Finally, this paper is 
separated into several parts. The second part is 
investigation the fundamental of ring resonators. Then, it 
is followed by single-band and dual-band filter 
optimization and implementation. Moreover, part three is 
focused on fabrication, measurement, and discussion. 
Then the last part is the conclusion. 

II. INVESTIGATION OF CLOSE RING RESONATOR 
Figure 1 shows the fundamental structure of a 

closed-shape ring resonator with feed line input 
impedance. Moreover, it has a capacitive coupling with a 
gap distance of s1. Then, the input impedance feeding has 
an impedance value of Z0 with a width of W0. The 
impedance value of the ring resonator is Zr, with a width 
of Wr.  The proposed ring resonator has a rectangular 
shape. Moreover, Figure 2 illustrates a simple 
transmission line model of a closed ring resonator. 

In detail, we can determine the impedance of the ring 
resonator Zring when the input voltage (V1), input current 
(I1), output voltage (V2), and output current (I2) are 
known, specifically when I2 = 0.  

By keeping the V2 and I2 open-circuited. The Zring can 
be determined by (1). 

 𝑍 = భூభቃூమୀ. (1) 

Moreover, we can approximate the impedance by using 
ABCD matrix calculation. In detail, the transfer matrix of 
a single structure of ring resonator can be calculated by 
(2). 

 ቂ𝐴 𝐵𝐶 𝐷ቃ =   𝑐𝑜𝑠 𝛽𝑙ଵ,ଶ 𝑗𝑍 𝑠𝑖𝑛 𝛽𝑙ଵ,ଶ𝑗 𝑌𝑠𝑖𝑛 𝛽𝑙ଵ,ଶ 𝑐𝑜𝑠 𝛽𝑙ଵ,ଶ ൨ (2) 

where the 𝛽 is the propagation constant. Then, by using 
the conversion from the ABCD matrix to Y-matrix. Y-
matrix can be calculated as (3). 

 𝑌ଵଵ 𝑌ଵଶ𝑌ଶଵ 𝑌ଶଶ൨ =  −𝑗𝑌𝑐𝑜𝑡 𝛽𝑙ଵ,ଶ 𝑗 𝑌𝑐𝑠𝑐 𝛽𝑙ଵ,ଶ𝑗 𝑌𝑐𝑠𝑐 𝛽𝑙ଵ,ଶ −𝑗𝑌𝑐𝑜𝑡 𝛽𝑙ଵ,ଶ൨ (3) 

Because the ring resonator has a dual structure, such as an upper 
ring structure and lower ring structure with a length of l1 
represented by the value of d1 and a length of l2 represented by 
the value of d2. The Y-matric value of the ring resonator can be 
determined by (4). 

 

Figure 1. A simple structure of ring resonator with line input 
impedance with capacitive coupling. 

 

Figure 2. Voltage, current, and impedance approach of a simple 
structure of ring resonator with line input impedance with capacitive 

coupling. 
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𝑌ଵଵ 𝑌ଵଶ𝑌ଶଵ 𝑌ଶଶ൨ = 𝑗𝑌 − 𝑐𝑜𝑡 𝛽𝑙ଵ 𝑐𝑠𝑐 𝛽𝑙ଵ𝑐𝑠𝑐 𝛽𝑙ଵ − 𝑐𝑜𝑡 𝛽𝑙ଵ൨ 

 + 𝑗𝑌 − 𝑐𝑜𝑡 𝛽𝑙ଶ 𝑐𝑠𝑐 𝛽𝑙ଶ𝑐𝑠𝑐 𝛽𝑙ଶ − 𝑐𝑜𝑡 𝛽𝑙ଶ൨ (4) 

then, the Yring can be evaluated by (5). 

 𝑌 = భభమమିభమమభమమ  (5) 

Moreover, the Zring can be calculated by (6). 

 𝑍 = మమభభమమିభమమభ = ொିோ (6) 

where  𝑃 = −𝑗𝑌ሺ𝑐𝑜𝑡 𝛽𝑙ଵ + 𝑐𝑜𝑡 𝛽𝑙ଶሻ       𝑄 = ሾ−𝑗𝑌ሺ𝑐𝑜𝑡 𝛽𝑙ଵ + 𝑐𝑜𝑡 𝛽𝑙ଶሻሿଶ        𝑅 = ሾ−𝑗𝑌ሺ𝑐𝑠𝑐 𝛽𝑙ଵ + 𝑐𝑠𝑐 𝛽𝑙ଶሻሿଶ 

The relation between Zring value and Cring, and also ZIN 
and CIN

 value, are evaluated by (7)-(8). 

 𝑍 = ଵఠೝ (7) 

 𝑍ூே = ଵఠಿ (8) 

If the parallel capacitance (CP) and gap capacitance (CG) 
are considered. The CIN can be determined by (9). 

 𝐶ூே = ାೝାೝାೝ  (9) 

Figure 3 shows the relations between Cring and CIN of 
the proposed ring resonator structure. Here, the parallel 
capacitance (CP) and gap capacitance (CG) are calculated. 
In detail, the red line shows the effect of the variation of 
CG on the total CIN value when the parallel capacitance of 
CP is constant. It can be seen that the CG has a significant 
effect on the CIN value. Moreover, the blue line shows the 
variation of CP to the total CIN value when the parallel 
capacitance of CG is slightly constant. It can be seen that 
the CIN value is almost stable with a little increase at CP 
< 3pF.  Therefore, we can see that the CP and CG have 
influenced CIN value with different weights. This result 
also indicated that the gap dan parallel would affect 
resonance frequency. In detail, the effect of CIN value 
with change the value of ZIN and its lead to the change of 
frequency center. 

III. SINGLE/ DUAL BAND VIA-LESS MICROSTRIP 
BAND-PASS FILTER BASED ON MULTISTRUCTURE 

CLOSE RING RESONATORS 
Figure 4 shows a structure of a single band via-less 

microstrip band-pass filter based on close ring resonators. 
It can be seen that the ring resonator has an outer 
dimension of W1 and an inner dimension of W2.  

Moreover, the structure with capacitive coupling 
between the feed line and the resonators is utilized. Then, 
the ring resonators are directly connected at the corner. 
The complete width dimensions are W0 = 2 mm, W1 = 
12.2 mm, W2 = 4 mm, L0 = 4.8 mm, L1 = 6 mm, and L2 
= 12 mm. Then, the proposed BPF is simulated using a 
Duroid Rogers RT 5880 substrate with εr = 2.2, tan δ = 
0.0009, and h = 1.575 mm. Parametric iteration is needed 
to optimize the BPF structure.  

Figure 5 shows the parametric iteration of W1 and its 
effect on the transmission coefficient or S21. Moreover, 
Figure 6 shows the parametric iteration of W1 and its 
effect on the reflection coefficient or S11 of single-band 
BPF. It can be seen that the width of W1 is simulated from 
10.2 mm to 15.2 mm with a step value of 1.0 mm. The 
dimension W1 greatly affects the frequency center shift 
of BPF. The simulation was carried out between the 
frequencies of 1.75 GHz to 4.25 GHz. In general, the 
value of S21 at the center frequency has a good value with 
S21>˗3 dB. Meanwhile, the transmission zero value is 
also around ˗30 dB.  

In addition, the simulation results show that 
transmission zero occurs at two different frequencies. 
The reflection coefficient value also has a good value of 
S11<˗10 dB. It shows that the signal is sent properly into 
the filter device. Moreover, the S11 interference is also 
relatively small. Where the value of S11 is around ˗4 dB, 
which is at a frequency of 2.75 GHz, in this parameter, 
the W1 value of 12.2 mm is most suitable for a single 
band-band pass filter. The next step is focused on the 
design of a dual-band band-pass filter based on close-ring 
resonators. 

In detail, the next part is designing a dual-band via-
less microstrip band-pass filter based on multi-structure 
close-ring resonators.  

 

 

Figure 3. Relations between Cring and CIN of the proposed ring 
resonator structure, where parallel capacitance (CP) and gap 

capacitance (CG). 

 

 

Figure 4. Proposed single band via-less microstrip band-pass filter 
based on multi-structure close ring resonators. 
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The overall structure is shown in Figure 7. It can be 
seen that the dual-band BPF has an additional ring 
resonator with an outer dimension (W3) and an inner 
dimension (W4). It should be noted that the second 
resonator can generate the second band at a lower 
frequency. It means that the total impedance will affect 
the additional pass band. Moreover, Figure 8 shows the 
parametric iteration of W3 and its effect on transmission 
coefficient value. The simulation was conducted from 
1.75 GHz to 4.25 GHz. Then, Figure 9 shows the 
parametric iteration of W3 and its effect on the reflection 
coefficient. The first simulation with W3 = 4.2 mm length 

obtained a resonance frequency of 2.2 GHz for the first 
band and 3.4 GHz for the second band. Moreover, it has 
a value of S11 = ˗16.9 dB and S11 = ˗16.5 dB for the lower 
and upper bands. Then, the S21 values are ˗0.89 dB and 
˗1.14 dB for the lower and upper bands.  

The next simulation was conducted at W3 = 5.2 mm. 
It produced 2.3 GHz and 3.6 GHz for the lower and upper 
bands, respectively. Moreover, the values of S11 and S21 
are ˗16.4 dB/˗9.8 dB and ˗1.0 dB/˗1.6 dB for the upper 
and lower bands. The following simulation was 
conducted at W3 = 6.2 mm. It produced 2.17 GHz and 3.7 
GHz for the lower and upper bands, respectively.  

Moreover, the values of S11 and S21 are ˗13.7 
dB/˗14.4 dB and ˗0.73 dB/˗1.42 dB for the upper band 
and lower band. Overall, by using W3 = 4.2 mm, the dual-
band response was generated. It should be noted that 
during the iteration process, it is important to consider not 
only the working frequency value but also the reflection 
coefficient. In our opinion, the value of W3 = 4.2 serves 
as a sufficient limit. Moreover, the dimensions of W3 = 
7.2 and 8.2 mm are not good due to producing a higher 
frequency band. In summary, it is crucial to consider all 
relevant factors and specifications to ensure the desired 
performance of the resonator. 

Then, Figure 10 shows the surface current flows of 
the proposed single-band BPF. Moreover, Figure 11 and 
Figure 12 show surface current flows at the proposed 
dual-band BPF's lower and upper bands, respectively. 
Based on the simulation, the maximum flows of surface 
current have a different location for the upper and lower 

 

Figure 5. The parametric iteration of W1 and its effect on the 
transmission coefficient of single-band BPF. 

 

Figure 6. The parametric iteration of W1 and its effect on the reflection 
coefficient of single-band BPF. 

 

 
Figure 8. The parametric iteration of W3 and its effect on the 

transmission coefficient value of the proposed dual-band BPF. 

 
Figure 9. The parametric iteration of W3 and its effect on the reflection 

coefficient of the proposed dual-band BPF. 

 

 
Figure 7. Proposed dual-band via-less microstrip band-pass filter 

based on multi-structure close ring resonators. 
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bands. Figure 13 and Figure 14 show the fabrication 
results of the single-band and dual-band BPF, 
respectively. The realized BPF has a total dimension of 
42.3 mm × 42.3 mm. The input connectors and output 
connectors have a load of 50 ohms.  

Figure 15 shows the comparison of S21 between the 
simulation and measurement results. During the 
simulation, the microstrip single-band BPF operates at a 
resonant frequency of 3.51 GHz with a value of S21 = 
˗0.47 dB. Meanwhile, when taking measurements, this 
microstrip filter operates at a resonant frequency of 3.53 
GHz with a value of S21 = ˗1.03 dB. At the time of 
measurement, there was an increase in the value of S21, 
but this situation still resulted in a good value of S21 
because it was still below ˗3 dB. Meanwhile, the 

transmission zero value during the simulation reached 
˗40.3 dB. Meanwhile, in one measurement, a value of 
˗30.1 dB was obtained. 

Figure 16 compares the S11 values from the 
simulation and measurement results. The simulation 
results show that the microstrip single-band BPF operates 
at a resonant frequency of 3.51 GHz with a value of S11 
= -31.3 dB. Meanwhile, when taking measurements, this 
microstrip filter operates at a resonant frequency of 3.53 
GHz with a value of S11 = -34.2 dB. Meanwhile, the 
bandwidth value during the simulation is 220 MHz, while 
the measurement is 170 MHz.  

Comparison of simulations and measurements 
shows the measurements and decrease increase in the 
value of S11 = -2.90 dB of simulations. However, this 
condition is still good because it is below ˗10 dB. Then, 
Figure 17 and Figure 18 show a transmission coefficient 
comparison and reflection coefficient comparison of 
simulation and measurement of the proposed dual-band 
via-less microstrip BPF, respectively. Figure 17 shows a 
comparison of the S21 value from the simulation results 
and the measurement results. During the dual-band BPF 
simulation in the first band, it operates at a resonant 
frequency of 2.50 GHz with a value of S21 = ˗1.09 dB, 
while in the second band, the dual-band BPF operates at 
a resonant frequency of 3.65 GHz with a value of S21 = -
0.84 dB. 

Based on the measurement results of the first band, 
the dual-band BPF operates at a resonant frequency of 
2.50 GHz with a value of S21 = ˗2.18 dB, while in the 
second band, a resonant frequency of 3.70 GHz is 
obtained with a value of S21 = ˗1.43 dB. The bandwidth 

 
Figure 10. Surface current flows of proposed single band BPF. 

 

Figure 11. Surface current flows at the lower band of proposed dual 
band BPF. 

 
Figure 12. Surface current flows at the upper-band of the proposed 

dual-band BPF. 

 

Figure 13. Fabrication of proposed single band via-less microstrip 
band-pass filter based on multi-structure close ring resonators. 

 
Figure 14. Fabrication of the proposed dual-band via-less microstrip 

band-pass filter based on multi-structure close ring resonators. 
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of the microstrip filter frequency during the simulation in 
the first band is 210 MHz, and in the second band is 150 
MHz, while the measurement in the first band is 160 
MHz and in the second band is 110 MHz.  

Based on the simulation results with measurements 
on this comparison chart, there is no change in frequency, 
and it tends to be in a steady state, both from the S11 and 
S21 values in the first or second band. Meanwhile, in 
Figure 18, a comparison graph of S11 is obtained from the 
simulation and S11 from the measurement results.  

The dual-band BPF simulation in the first band 
operates at a resonant frequency of 2.5 GHz with a value 

of S11 = -14.1 dB, while in the second band, the dual-band 
BPF operates at a resonant frequency of 3.65 GHz with a 
value of S11 = -23.2 dB.  

Then, based on the measurement results of the first 
band, a resonant frequency of 2.5 GHz is obtained with a 
value of S11 = ˗11.05 dB, while in the second band, a 
resonant frequency of 3.7 GHz is obtained with a value 
of S11 = ˗23.3 dB. At the time of measurement, there was 
a decrease in the S11 value, but the S11 value was still 
excellent because it was still below ˗10 dB. 

IV. CONCLUSION 
A dual-band BFP was investigated based on a 

cascaded closed ring resonator without vias. In detail, the 
proposed structure consists of several CCRRs connected 
at the corner part and has a capacitive coupled to the input 
impedance. Moreover, the CCCR configuration has a 
different dual size to obtain dual-band performance. 
Then, the proposed BPF is simulated and fabricated using 
Duroid Rogers RT 5880 with εr = 2.2, tan δ = 0.0009, and 
h = 1.575 mm. The measurement results demonstrate that 
the dual-band BPF operates at a resonant frequency of 
2.50 GHz with a transmission coefficient (S21) value of -
2.18 dB in the first band. In the second band, a resonant 
frequency of 3.70 GHz is obtained with an S21 value of -
1.43 dB. The bandwidth in the first band is 160 MHz, and 
in the second band, it is 110 MHz. Moreover, based on 
the measurement results, the reflection coefficient (S11) 
in the first band is -11.05 dB, while in the second band, 
it is -23.3 dB. The excellent agreement between the 
simulation and measurement validates the proposed 
method. 
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Figure 15. Transmission coefficient comparison of simulation and 
measurement of proposed single band via-less microstrip BPF. 

 

Figure 16. Reflection coefficient comparison of simulation and 
measurement of proposed single band via-less microstrip BPF. 

 
Figure 17. The transmission coefficient comparison of simulation and 

measurement of proposed dual-band via-less microstrip BPF. 

 

 
Figure 18. Reflection coefficient comparison of simulation and 

measurement proposed dual-band via-less microstrip BPF. 
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