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Abstract. In this paper, a novel design based on a dual-mode ring resonator, the filtering balun, 

feeding the printed dipole antenna, the filter balun antenna (FBA), is presented. One port on the structure 

allows the signals to be phase-shifted 180 degrees from one unbalanced port to two balanced signals. The 

suggested designs use a single dual-mode ring resonator to operate as both a filter and a balun at the same 

time. Compact designs are achieved by applying feeding to the second layer. Another unique characteristic 

of the filtering balun is its ability to alter, based on perturbation size, the phase error and magnitude 

imbalance of the two balanced signals. With the use of the Advanced Design System (ADS) software, 

numerous structures have been developed, modeled, and evaluated. To achieve the highest performance, 

every section of the design is assessed and optimized. Because the substrate is a lossy type (FR4), the 

realized transmission coefficients, which are poorer than expected ideal values, make the suggested design 

a strong contender for narrow-band wireless applications. For S2,1 and S3,1, the signal is routed through 

two vias and fed into a dipole antenna in the opposite phase by employing the zero iteration for filtering the 

balun in the first layer to condense with the second layers. The antenna structure is a printed dipole antenna 

operating at 2.4 GHz. 

 

Keywords: Microstrip filtenna, Balun, filters, antenna. 
 

 

1. INTRODUCTION  

 

Almost every application in daily life is now dominated by wireless communication networks, which are 

now a necessary component of everything, particularly since the emergence of Internet of Things (IoT) 

technology. Global location systems like GPS, Wi-Fi, and Bluetooth, communication, devised connections, 

and other services can all be covered by multiple systems on the same device. As a result, a complex design 

is necessary because every function needs its own RF chain. Merging several elements into a single design, 

however, is a constant goal of designers for a variety of reasons, including affordability and compact size. 

In This research paper is studied for the purpose of presenting a design that includes these concepts and is 

composed of three integrated RF component. Most researchers' efforts are focused on the process of 

integrating two components with each other and giving the properties of these two components the same 

design. The most prominent of these studies deals with combining a filter with a balun or combining an 

antenna with a filter. In this research, we will combine three RF components filter, balun, and antenna, with 

an innovative design consisting of only two layers to reduce the size and give the best performance.  

Many RF and optical applications, including microwave filters [1-3], baluns [4-5] oscillators [6-7], sensors 

[7-8], unit cells of metamaterial devices [9–10], optical filters [11], and microwave multiplexers [12], 

depend on the dual-mode ring resonator. Only the filters and baluns will be covered in this introduction. 

The ring resonator was first employed by the writers of [1-2] as a microwave bandpass filter in their early 
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research. Their research centered on using the patch stub to disrupt the two modes in order to stimulate 

them. The author provided a thorough analysis of the use of ring resonators in filter designs in [3]. To find 

out how different perturbation layouts affected the overall performance, several configurations were 

examined. Depending on the amount of the disturbance, the inductive and capacitive couplings were 

defined. Whereas the inductive connection produces a Chebyshev transfer response, the capacitive coupling 

produces an elliptical transfer characteristic response. The former has a high selectivity since it adds zeros 

to the response. The latter is less selective because it contains no zeros. Nevertheless, the passband is not 

rippled. Numerous academics have been drawn to investigate ring resonators and their applications as a 

result of these two intriguing achievements. The intrinsic properties of the four sides of the dual-mode ring 

resonators, which have regions with maximum fields but varied phases, helped in the construction of the 

balun as shown in [4-5]. When using a ring resonator, the addition of a third port distinguishes the filter 

from the balun. Additionally, the ring resonator balun provides bandpass filter capabilities, combining two 

purposes into a single design structure. Subsequently, other research endeavours have surfaced, with 

miniaturization being among them. Minkowski, Koch, Gasket, and other curves were used by the authors 

in [13–15] to create compact dual-mode ring resonators-based designs of microwave bandpass filters using 

fractal geometry.  

The Balun design also made use of fractal curves, although it did so with an open-loop resonator [16–17]. 

The kind of Koch-fractal was applied. The primary distinction between an open loop and a dual-mode ring 

resonator is that the latter can adjust the bandwidth by varying the amount of the perturbation; for this 

reason, it is the one used in this study.  
 

 

2. The suggested filtering balun configuration combined with antenna 

According to the dual-mode square ring resonator, the suggested Filtering Balun Antenna FBA is created; 

Figure 1 provides an overview of the process. The second layer of design included the dipole antenna, which 

has a resonance frequency of 2.4 GHz. The ground layers in addition to being used as a ground, it is also 

used for another function, which is to provide a reflector between the first and second layers to ensure no 

interference between the two layers. The proposed FBA resonant frequency is determined by measuring the 

closed square ring resonator's whole perimeter. As stated otherwise, the basic resonant frequency arises 

when the perimeter's total length equals a wavelength plus any harmonics brought about by the scattered 

transmission lines' inherent properties.  

 
Fig. 1 A- shows a schematic layout of first layer the dual-mode ring resonator used as a filtering-balun 

component. The gap which is located between the feed and the resonator is shown by g, the microstrip 

204 



    

                            

 

A
T

U
-F

JI
E

C
E

, 
V

o
lu

m
e:

 3
, 

Is
su

e:
 2

, 
 M

ay
 2

4
, 
D

D
, 

Y
Y

Y
Y

, 
©

 2
0

2
0

 F
JI

E
C

E
, 

A
ll

 R
ig

h
ts

 R
es

er
v

ed
  

 

 

 

 
 

Al-Furat Journal of Innovations in Electronics and Computer 

Engineering (FJIECE) 

ISSN -2708-3985 

transmission-line width by w, the physical length, L, equal to a quarter-wavelength by p, and the feeding 

number by P1, P2, and P3. 

 

 
 

Fig.1 B-  first and second layer printed dipole filtenna  

 

variable unit variable unit 

L 29 mm W 3 mm 

L 1 21 mm W1 0.5 mm 

L 2 9.2 mm W2 3 mm 

L 3 22 mm G1 0.6 mm 

L 4 23.4 mm G2 0.5 mm 

VIA 0.5 mm G3 0.8 mm 

 

 

 

The Filtering-Balun-Antenna Design  

 

Figures 1A and B show the structure of FBA. It is made out of a square-ring resonator that has a single 

wavelength throughout. As will be seen later, there is a perturbed stub linked to one of the internal corners 

that functions to excite the even-odd modes. Three ports are present: two output ports and one input port, 

or the other way around. The two output ports are out of phase with one another, or balanced. Unless stated 
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otherwise, the electrical lengths of the two output ports differ by 180°. Since printed dipole antennas require 

a 180° phase difference between the two arms in order to ensure that the antennas radiate, the baluns that 

will be discussed in this work are suitable nominees to be used with printed dipole antennas. front (also 

known as boresight). The primary grating lobe will split into two halves and tilt to move away from 

boresight if this requirement is not met, resulting in the radiation being null on the front side [18]. Further 

details regarding the dual-mode reign resonator analysis are available for interested readers in [3]. For the 

sake of simplicity, we shall only cover the fundamentals here. The resonator's transmission-line model 

shown in Figure 1 (A, B). is shown in Figure 2, which also mentions the input and output ports. Two equal 

sections will be extracted from the input signal. There is no output response if there is no perturbation (p = 

0), as each output port gathers signals from two routes that cancel each other out with a 180° phase 

difference. Figure 4 displays the current distribution in order to illustrate the cancellation procedure. Near 

the output ports, when the current is at its lowest, the coupling becomes extremely weak. Nevertheless, the 

analogous shunt capacitance Cp functions as a J-inverter, reversing the phases of the signals that flow 

through it when there is a disturbance (i.e., p > 0). This facilitates the in-phase alignment of the two signals 

at each output port, resulting in an output response. Additionally, Figure 3 shows the present distribution in 

this instance. The present distribution's peaks and minimum are 90° rotated. Stated differently, the highest 

current distribution occurs in the coupling area between the resonator and the output ports. 

 
Figure 2 shows the transmission line model for the dual-mode square ring filtering-balun component. Cp 

stands for the equivalent capacitance of the perturbation stub, and Cg is the equivalent capacitance caused 

by the gap between the ring resonator and the feed.   
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3. RESULTS AND DISCUSSION 

An extensive description of the research's findings is given in this section. The Advanced Design System 

ADS software is used for full-wave simulation in the design, simulation, and analysis of FBA. The proposed 

FBAs' layout schematic is displayed in Figure 1, and the S-parameters that match it are displayed in Figure 

4. As may be observed, the result is consistent with the succinct analysis that was previously provided. To 

illustrate how well the perturbation size works. As shown in Figure 5, p in the dual mode square ring 

resonator is adjusted in steps of 2 mm, from 0 to 6 mm. The S21 and S31 are canceled because the two 

modes have the same frequency, but they are out of phase when p = 0 mm. The applications like S21 and 

S31 are excited for the state p = 2 mm because the two modes have the same phase shift and nearly identical 

frequencies, despite small variations. We can state that the frequency difference between the two modes 

rises as p increases. Due to the growing phase difference between the two modes, the center frequency will 

respond weakly. Figure 6's responses are all narrow bands due to the dual-mode ring resonator's intrinsic 

properties. This indicates that these designs will make excellent choices for low-noise applications. A higher 

bandwidth is known to increase the amount of noise that enters the system. 

While -3 dB is the optimal level, the S21 and S31 are about -4 to -5 dB. The additional loss is a result of the 

FR4-type substrate being utilized in this instance, which is lossy. Because the substrate utilized in this study 

is just 1.6 mm thick, some electromagnetic waves would radiate into space, which may cause radiation loss. 

The availability of substrate in the local marketplaces is the cause of this restriction. Because the signals 

will be more bonded to the structures and less likely to leak, substrates with modest thicknesses are therefore 

favored for guided radio frequency components like filters, resonators, transmission lines, etc. The answers 

have decreased as a result of these two causes. However, substrates with low losses should be employed, 

specifically for commercial reasons, to have superior reactions. Figure 7 shows the phase disparities 

between the two output ports for each of the suggested FBAs. These phase variances are nearly equivalent 

to 180°. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 the simulated current density at resonance both with and without perturbation in sequential order. 
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Fig. 4: The S-Parameters responses of the first layer before combination the two layers and phase 

difference between S2,1 and S3,1. 

 

 

 

Fig. 5: The S-parameters responses S11 of the first layer BPF with balun, when p is changed from 0mm to 

6mm with a step of 2mm, the best results using the 2 mm at 2.4 GHz Frequency. 
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The Combination Design for FBA in Two Layers 

The dual-mode microstrip band pass filter ring resonator compact with baluns in the first layer is used in 

the suggested design for FBA by using copper conductors with FR4 in the two layers. The antenna is 

contained in the second layer. In the design, a printed dipole antenna was used. Without coming into contact 

with the ground layer that sits between the two layers, there are two vias that connect the first layer to the 

second layer. The substrate that is being used is FR4, measuring 32 mm in width and 59 mm in length, with 

a thickness of roughly 1.6 mm for each layer. 

 

 

 

Fig. 6 b: current distribution in proposed design for the two layers in difference phase show the dipole driven phase 

mutually. 
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Fig. 7: The S-parameters responses S11 of the BFA design. 

 

Fig. 8: The Gain1 for FBA, Gain2 for printed dipole with differential feed, Gain3 for printed dipole without 

differential feeding. 
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Figure (8) illustrates this. If the current intensity is in the same phase, it will be opposite to the dipole. As a 

result, the first current's intensity will cancel out the second current's intensity, and their combined 

transmission will be null at the feeding point, represented by the first curve. In contrast, if one current has 

a 180-degree phase difference, the second current will support the first, and the transmission will be as great 

as possible at the feeding point, which is indicated by the second curve, in the center of the dipole. 

In order to enhance this idea, we observe the third curve, which has a higher gain and beam selectivity than 

the second curve. This is because a band-pass filter with a balun integrated into the design produces a filtered 

feed signal with a 180-degree phase difference. An antenna's effectiveness and performance are enhanced 

when it is paired with a signal filter, leading to improved performance metrics for the antennas. By adding 

a feed, you can create your own custom dipole antenna design. The dipole antenna needs to be in the 

opposite phase in order to function, which was achieved by utilizing the balloon's characteristics found in 

the filter's unique design. The gain was also adjusted to meet the required specifications, bringing it down 

to the lowest possible value for the 2.4–2.5 GHz band, which is 4.9–2.4 dpi. In comparison with other 

designs in size, cost, and efficiency for gain, the objective of the proposed FBA 

 
Table of design properties in comparison with same freq. Band for other designers 

 

Ref. NO. Substrate type Dimension L ,W in mm Resonance Freq. In GHz Gain in dBi 

[20] FR-4 35 X 30 2.4 0.74 

[21] FRBM-2 Two 

layers 

87.75 X 66.8 2.3 5.5 

[22] Rogers 80 x 80 2.34 4.49 – 5.38 

[23] F4B – Four layers 140.9 x 123 2.5 8 

FBA FR4 – Two layers 58.89 x 32.74 2.4 4.9 

 

 

Fig. 9. The effect of the size of the gap between the feed of the square resonator and the first and second 

outputs. 
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In Fig. 9 the effect of the size of the gap between the feed of the square resonator and the first and second 

outputs, as the results showed that s21 and s31 were the highest possible when the gap was 0.1 mm. 

However, what we need in the design, in addition to providing two outputs from the resonator, must be 

different. The phase between them is 180 degrees, which is what worked best when the gap was measured 

at 0.5 mm. 

 

Fig. 10 

While we are using the dual mode square resonator, we notice in Figure 10 the process of increasing the 

separation of the two frequencies combined together, as the larger the size of the inner box inside the square 

resonator, the greater its value in influencing the first frequency and pulling it away from the fundamental 

frequency of the resonator. 

However, it must be noted that there is a good matching between the supply and the output when the size 

of the internal square in the resonator is increased. 

 

Simulation and Experimental Results for Dipole Filtenna 

We observe from the production data that there are a few observations about the design's ultimate 

response. Both the manufacturing procedures and the measurement tools in use are to blame for this. With 

the resources at hand, it was measured and produced. We possess. It produced outcomes. Tangible, which 

used the ADS program to create an extremely close replica of the design. 
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Fig.11 Manufacturing result freq. response S (1,1) for dipole filtenna 

 

 Fig.12 Manufacturing of two layers for dipole filtenna FBA 

 

Fig.13 Manufacturing dimension for dipole filtenna with thickness about 3.2 mm 
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4. CONCLUSIONS 

 

To the best of the authors' knowledge, the dual-mode ring resonator based on balun-filtering-antenna was 

showed for the first time in this study. The input signals, especially the dipole antenna, were a suitable fit 

for applications that operated with two balanced input ports since they were split into two outputs that were 

out of phase. For each layer in the study, a FR4 substrate with a thickness of 1.6 mm was employed. Its 

effect was clearly seen on the S21 and S31, with their gain of 4.9 dpi being in the range of -4 to -5 dB in 

relation to the dual mode square ring resonator. To provide the readers with a nearly comprehensive 

understanding of the design, a theoretical summary of the study together with a corresponding circuit was 

also supplied.  
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