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Abstract: There has been a lot of interest in microstrip diplexers lately due to their potential use in
numerous wireless and computer communication technologies, including radio broadcasts, mobile
phones, broadband wireless, and satellite-based communication systems. It can do this because it
has a communication channel that can combine two distinct filters into one. This article presents a
narrow-band microstrip diplexer that uses a stepped impedance resonator, a uniform impedance
resonator, tiny square patches, and a meander line resonator. The projected diplexer might be made
smaller than its initial dimensions by utilizing the winding construction. To model the microstrip
diplexer topology for WiMAX and WIFI/WLAN at 1.66 GHz and 2.52 GHz, the Advanced Wave
Research (AWR) solver was employed. It exhibited an insertion loss of 3.2 dB and a return loss of
16 dB for the first channel, while the insertion loss and return loss were 2.88 dB and 21 dB, respectively,
for the second channel. When both filters were simulated, the band isolation was 31 dB. The projected
microstrip diplexer has been fabricated using an FR4 epoxy laminate with dimensions of 32 × 26 mm2.
The simulated S-parameters phase and group delay closely matched the measurements.

Keywords: microstrip diplexer; bandpass filter UIR; SIR; meander line; patches; AWR simulator;
wireless and computer communication technologies

1. Introduction

Modern wireless and computer communication technologies, such as satellites, mobile
communications, and radar, heavily rely on microwave filters to ensure the required
frequency selectivity. Effective signal management across diverse frequency bands is made
possible by diplexers and multiplexers, which are key components in these systems. Passive
multiplexers utilize multiple filters and a shared junction to combine or separate signals
from different frequency bands. Over the past few years, diplexers have gained significant
importance in various wireless communication systems, including mobile phone networks,
satellite communication, broadband wireless communication, broadcasting, and terrestrial
communication [1–4]. Diplexers accomplish this by combining two distinct filters into one
unit, taking advantage of communication channels. As an example, a microwave diplexer
enables two filters to utilize a single antenna while reducing interference between the
signals, as illustrated in Figure 1. Through the utilization of a single antenna, this overall
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reduction in weight and size of the device is achieved through the consolidation of filters
and signals. A great number of advancements in diplexer and multiplexer technologies
have been made possible as a result of the progression of standards. To be more specific, a
diplexer is utilized to transform two antennas that operate on distinct frequencies into a
single port that is shared by both of them [5–8].
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2. State of the Art

With the debut of the antenna in the 1970s, the concept of the microstrip antenna
was initially established for the first time. An increase in the number of study articles has
been written about the concept by several researchers from different countries [8–10]. The
development of innovative designs for microstrip antennas has been prompted by the rise
in the number of applications that make use of wireless communication. The objective of
these designs is to attain a high level of performance in modern communication systems.
The filters and diplexers are components that are utilized in modern communication
systems, and each of these components performs substantial and equally vital duties.
A well-designed diplexer should not only be priced reasonably, but it should also be
very effective in terms of performance. All of these qualities should be present. In the
conventional method of manufacturing microstrip diplexers, the operations of first making
two separate filters and then constructing a matching circuit are carried out. This is the
standard way. The easiest approach is to make use of a combination of two band-pass filters
(BPFs), as stated in reference [11–14]. As a result of their architectural design, microstrip
diplexers are designed to be utilized in a wide number of applications that involve wireless
communication. During the process of designing and creating the diplexer, several potential
structures have been proposed.

When it comes to RF diplexers constructed based on diverse filter designs [15], there
are a few different approaches that may be applied; however, the three methods that are
listed below are the ones that are utilized the most frequently:

One of the first strategies is the utilization of two BPFs, each of which has a center
frequency that is distinct from the other. The employment of a bandpass filter for one
channel and a bandstop filter for the other channel, both of which are designed to reject
the same frequency band, is another instance of this. The interaction between these filters
when employed together is important. For example, using two band-stop filters, each with
a different center frequency, may be essential in certain instances.

Each diplexer is equipped with two channels, and each of these channels runs at
a different frequency to accommodate a certain group of applications. To give you an
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example, the authors of the reported paper in [16], introduced a diplexer that was developed
specifically for WiMAX wireless communications. Instead, the authors of [17] came up
with the idea for a diplexer during the same year. Both GSM-4G and frequency division
duplex applications were taken into consideration during the development of this diplexer.

A microstrip diplexer filter with good isolation has been reported in [18]. The short
stubs-load resonator technique, upon which this filter was built, is based on a feeding line
coupling approach. The building of this filter was made possible utilizing this method.
Specifically, the filter was made to provide transmission zero at a lower frequency than the
original frequency. Its primary aim during development was to meet the needs of wireless
communications requiring an exceptionally high degree of isolation. It is designed for use
in those areas and features two channels that operate at 3 and 5 GHz.

In 2019, a small microstrip diplexer built on a dual closed-loop stepped impedance
resonator (DCLSIR) was described by the authors of [19]. The DCLSIR stands for the
building block of this diplexer. The necessary properties of the microstrip diplexer can be
achieved by merging two DCLSIR-BPFs to be operated at 8.3/10 GHz.

To create a new structure for design purposes, the authors of [20] proposed the idea of
a planar dual-channel microstrip BPF in 2020. Given that the suggested diplexer has large
fractional bandwidths (FBWs %) of 34.3% for the first channel and 38.6% for the second
channel. It could be used in broadband applications. For that reason, it is suitable for use in
applications that necessitate broadband speeds. In contrast to the 1.6 GHz used by L-band,
the WiMAX resonant frequency is 3 GHz.

The microstrip diplexer was developed to be utilized in GSM applications. Before it
was put into operation, this diplexer was supposed to operate at frequencies of 0.78 GHz
and 1.85 GHz, respectively [21]. The thin cells and patch served as the design keywords of
this device. Because the resonator that has been proposed has a symmetrical construction,
research into both the odd and even modes must be undertaken to gather knowledge
concerning the resonator behavior. The diplexer has provided high levels of isolation, low
levels of insertion losses, and very good return losses.

An innovative compacted substrate integrated waveguide (SIW) diplexer with square
cavities was proposed in [22] for C-band application. This diplexer operates at a frequency
that is lower than the cutoff frequency that is determined by the cavity. It is responsible
for applying the evanescent-mode propagation mechanism so that it can transmit signals.
When the center frequency is adjusted to 6.16 GHz and 7.72 GHz, respectively, insertion
losses of 0.83 dB and 0.77 dB are detected in the lower and higher passbands. These
frequencies correspond to the lower and higher passbands, respectively. About 5.1% frac-
tional bandwidth is provided for every passband provided by the diplexer that has been
presented regardless of the passband. In addition to that, it provides an isolation level of
22 dB.

In [23], the authors have developed a microstrip diplexer that is not only extremely
isolated but also extremely small in terms of the electrical components that it contains.
Specifically, this specific diplexer is intended to be utilized in the Radio Occultation (RO)
System. It is utilized in a significant manner to investigate a wide range of properties that
are associated with the atmospheres of planetary systems. Many of these features are the
subject of ongoing research. Research on planetary atmospheric properties is currently
underway using the radio occultation technique. The onboard RO transmitter depends on
the frequency synthesizers to ensure its proper functioning. This transmitter operates in
two distinct frequency bands, with one at 6.7 GHz and the other at 8.4 GHz.

A miniature narrow-band microstrip diplexer with two channels has been perceived
in [24] using an FR4 substrate. Two bandpass filters, each operating in a specific frequency
range, connect at a single junction to create it. The standard components of every BPF
include input and output feedlines, a resonator with meandering lines, a step impedance
resonator (SIR), and a uniform impedance resonator (UIR).

In a recent study, an artificial neural network (ANN) was utilized to aid in the build-up
and design of a high-performance microstrip diplexer [25]. An ANN model takes into
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account various factors. These factors to consider are the input frequency, substrate type,
substrate thickness, and physical dimensions. Another output from this model is the
generation of group delay values (GD), along with S-parameters. Neural networks trained
via back propagation usually function within a frequency range of 1.4 to 3 GHz.

To construct multifunction integrated diplexers that are capable of carrying out op-
erations such as frequency selection, frequency division, and power division, the paper
reported in [26] came up with an innovative circuit model. This unique circuit model was
developed to develop multifunction integrated diplexers. The highly integrated multifunc-
tional diplexer that has been presented is composed of dual simple multimode resonators
that operate at distinct frequencies, in addition to dual isolation resistors. This diplexer is
designed to perform multiple functions simultaneously for integrating the two multimode
resonators based on the distributed coupling method. The responses have shown both the
second- and third-level order. Both of these orders have been given consideration.

A dual-channel diplexer using linked open-loop microstrip resonators is proposed and
investigated in the article [27] using an ADS simulator. Simulated results for this device
indicate insertion loss values of 1.8 and 1.0 dB at 1st and 2nd loads, respectively. With
the use of microstrip open-loop resonators and source-load coupling lines, 35 dB-isolated
channel bands have been efficiently created. In article [28], the researchers have a definition
for diplexers, which are dual-filter circuits with three ports, that allow for the simultaneous
use of an antenna by two separate frequency channels. However, this technology can be
used with several transmitters operating at different frequencies as long as each band is
used for sending and receiving signals. SIR combined with UIR provides all the benefits
of fractal filters with much simpler modeling and manufacturing requirements. Kappa
substrate, which has a very low loss tangent value, can be employed in diplexer, triplexer,
and quadruplexer components.

This research paper describes an investigation of a highly narrowband microstrip
diplexer that makes use of meander line resonators, tiny square patches, UIR, and SIR.
An investigation into this diplexer was the purpose of the study that was carried out. In
addition to having low profile topologies, and compact dimensions, efficient band isolation
of 31 dB between frequency channels has been obtained.

3. Design

To keep up with the ever-increasing complexity of these systems, engineers have
been coming up with more creative and intricate designs. This is because diplexers are so
integral to contemporary communication systems. There are specific requirements that
diplexers must meet to be employed in multi-service and multi-band communications.
Conversely, larger and more complex diplexers were produced by the conventional way
of fabrication, which required a great number of external connectors [26–30]. This has led
to the development of numerous different designs that can guarantee compliance with
these regulations. Diplexers have an assortment of resonators, including meander lines,
open-loop resonators, stepped impedance resonators (SIRs), spiral inductor resonators, and
many more. This has been done to achieve both good performance and a reduction in the
size of the circuit. Basically, the resonator is capable of storing electromagnetic energies
under particular frequencies in L and C elements. Magnetic energy is stored in the inductor
L, whereas electric energy is stored in the capacitor C.

The construction of SIRs involves the utilization of a network of transmission lines
that are interconnected with one another. Each transmission line is created with its specific
impedance requirement. SIRs are frequently utilized in a wide variety of applications
within the realm of radio frequency (RF) and microwave engineering. As a result of their
diminutive size and remarkable Q-factor, they are very well-suited for use in oscillators
and filters. They are incredibly beneficial for a wide variety of applications due to the
extraordinary properties that they possess, which is the reason why this is the case. During
the process of developing SIRs, design issues and the undesirable reactions of particular
circuits were also taken into account by RF and microwave engineers. The development of
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SIRs was motivated by these limits. While lower SIRs can limit frequencies up to a certain
point, larger UIRs are more commonly seen in RF and microwave devices. A wide range
of additional uses also make use of UIRs. Figures 2 and 3 display multiple examples of
feasible SIR designs. There is a physical difference between the SIR and UIR lines; the
former is shorter [30]. This holds even though UIR and SIR are based on ABCD matrices.
One possible approach to express the matrix is as follows:[

A B
C D

]
=

[
Cos θ j Z0 Sin θ

j Z−1
0 Sin θ Cos θ

]
(1)
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Alternatively, Z0 is used to represent characteristic impedance and θ is used to repre-
sent the length of the UIR line. There are more design options available in the SIR topology
than in topologies that use uniform impedance resonators because it permits the insertion
of three matrices at each node instead of the matrix. The reason behind this is that three
matrices can be introduced into the system using the SIR topology. This matrix is an
effective tool for SIR topologies to improve their overall performance. On the other hand,
UIR topologies do not depend on anything other than line length to produce resonance.
In SIRs, the resonance state is strongly affected by the length and impedance ratios that
are considered. To fully comprehend the operation of SIRs in UIR structures, which are
commonly used to build microwave filters, these characteristics are crucial.

Regarding this specific case, the impedance ratio coefficient, denoted by K, is equal
to Z2/Z1. In contrast, the electrical lengths in the SIR are denoted by the symbols θ1 and
θ2. When the value of K is midway between 0 and 1, the electrical length of a resonator is
known to be the shortest, and when the value of K is greater than 1, the electrical length
is known to be the longest. The presence of a considerable discontinuity in the SIR is
discovered for an exceptionally big Z, which results in a low insertion loss [1,30].

According to Figure 3, there are two distinct forms of SIRs, which are referred to as
symmetric (SSIR) structures and asymmetrical (ASIR) structures, respectively. Both of
these structures are referred to as SIRs. It is a well-known fact that, among the microstrip
sections that are utilized in SIR structures, the microstrip segment that has a narrower
width possesses a higher impedance in contrast to the microstrip section that has a wider
width. It is possible to observe symmetric SIR in situations where the value of Z1 is lower
than Z2, and when the value of Z4 is higher than Z5. The values of d1 and d2 are the
symbols that are used to represent electrical lengths in symmetrical SIR, while e1 and e2
are used in asymmetrical SIR. A symmetrical SIR shows that the lengths are the same,
which is the reason for this difference. In general, symmetrical SIR features end-to-end
impedance symmetry in addition to three-step impedance sections. These sections are
also characterized by their electrical length. When it comes to the symmetrical SIR, the
impedance ratio acts as a replacement for the dimensions condition (K) that is associated
with the SIR.

The SIR arrangement makes use of both odd and even excitation to ensure that it
processes electrical signals correctly. When the value of Yin is equal to zero, it is possible
to observe the resonances that are produced by odd-even excitations with a reasonable
amount of ease [31].

It is possible to examine the SIR configuration and this can be accomplished with the
assistance of odd and even excitations. It is possible to obtain the consequent resonant
frequencies for odd and even excitations by using the condition Yin = 0, as stated in
reference [31]. As a result of the condition, these frequencies have been extracted directly.

(a) Odd-mode resonance condition:

tan θ0 tan θs = R (2)

(b) Even-mode resonance condition:

1
2R1

[
1 +

G2
R

][
G0
R1

+
G1
R2

]
+

[
G3 +

G4
R

][
1

R1
+

G5
R2

]
= 0 (3)

The following factors are taken into consideration when determining the parameters:
R = Z0/Zs, R1 = Z1/Zs, R2 = Z2/Zs, G0 = tan θ1, G1 = tan θ2, G2 = tan θ0 tan θ1,

G3 = tan θs, G4 = tan θ0, G5 = tan θ1 tan θ2.
Figure 4 and Equations (2) and (3) are used to predict the resonance (Fr) for odd mode

and even mode, respectively, using Equations (4) and (5).

Fr
[

G4 +
G3
R

]
− 1

π Zs R
+

G3 G4
π Zs R2 = 0 (4)
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Fr
[
2R1

(
G5
R2 − 1

R1

)
(1 − RG0G3) +

(
G0
R1 + G1

R2

)
(G3 + RG4)

]
+ 1

2π Zs

(
G0
R1 + G1

R2

)(
G3G4

R − 1
)

+ R1
π Zs

(
G5
R2 − 1

R1

)(
G3 + G4

R

)
= 0

(5)

Technologies 2024, 12, x FOR PEER REVIEW 7 of 19 
 

 

Figure 4 and Equations (2) and (3) are used to predict the resonance (Fr) for odd mode 
and even mode, respectively, using Equations (4) and (5). Fr ൤𝐺4 ൅ 𝐺3𝑅 ൨ െ 1𝜋 𝑍𝑠 𝑅 ൅ 𝐺3 𝐺4𝜋 𝑍𝑠 𝑅ଶ ൌ 0 (4)

Fr ൤2𝑅1 ൬𝐺5𝑅2 െ 1𝑅1൰ ሺ1 െ 𝑅𝐺0𝐺3ሻ ൅ ൬𝐺0𝑅1 ൅ 𝐺1𝑅2൰ ሺ𝐺3 ൅ 𝑅𝐺4ሻ൨ ൅ 12𝜋 𝑍𝑠 ൬𝐺0𝑅1 ൅ 𝐺1𝑅2൰ ൬𝐺3𝐺4𝑅 െ 1൰൅ 𝑅1𝜋 𝑍𝑠 ൬𝐺5𝑅2 െ 1𝑅1൰ ൬𝐺3 ൅ 𝐺4𝑅 ൰ ൌ 0 
(5) 

 
Figure 4. (a) Odd and (b) even resonance representations for SIR. 

Figure 5 depicts the lumped element circuit that corresponds to a resonant frequency 
[32], which can be used to analyze the SIRs. 

 
Figure 5. The lumped element circuit equivalent for SIR under operating resonant frequency. 

Figure 4. (a) Odd and (b) even resonance representations for SIR.

Figure 5 depicts the lumped element circuit that corresponds to a resonant frequency [32],
which can be used to analyze the SIRs.

Technologies 2024, 12, x FOR PEER REVIEW 7 of 19 
 

 

Figure 4 and Equations (2) and (3) are used to predict the resonance (Fr) for odd mode 
and even mode, respectively, using Equations (4) and (5). Fr ൤𝐺4 ൅ 𝐺3𝑅 ൨ െ 1𝜋 𝑍𝑠 𝑅 ൅ 𝐺3 𝐺4𝜋 𝑍𝑠 𝑅ଶ ൌ 0 (4)

Fr ൤2𝑅1 ൬𝐺5𝑅2 െ 1𝑅1൰ ሺ1 െ 𝑅𝐺0𝐺3ሻ ൅ ൬𝐺0𝑅1 ൅ 𝐺1𝑅2൰ ሺ𝐺3 ൅ 𝑅𝐺4ሻ൨ ൅ 12𝜋 𝑍𝑠 ൬𝐺0𝑅1 ൅ 𝐺1𝑅2൰ ൬𝐺3𝐺4𝑅 െ 1൰൅ 𝑅1𝜋 𝑍𝑠 ൬𝐺5𝑅2 െ 1𝑅1൰ ൬𝐺3 ൅ 𝐺4𝑅 ൰ ൌ 0 
(5) 

 
Figure 4. (a) Odd and (b) even resonance representations for SIR. 

Figure 5 depicts the lumped element circuit that corresponds to a resonant frequency 
[32], which can be used to analyze the SIRs. 

 
Figure 5. The lumped element circuit equivalent for SIR under operating resonant frequency. Figure 5. The lumped element circuit equivalent for SIR under operating resonant frequency.



Technologies 2024, 12, 57 8 of 18

When it comes to planner layouts, meander line resonators are a representation of
easily fabricable formats. The resonators in question are primarily utilized as compactness
tools, and they are well-known for the great qualities and compact size that they possess.
Figure 6 illustrates the outcomes of their implementation in an LC lumped element circuit,
which has resulted in their extensive application [1].
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Given the information presented in Figure 6b, the impedance of the LC series can be
represented using the equation j(ωL − 1/ωC). Therefore, at the terminal of the meander
line resonator, the resistance load can be observed. The phase delay can be described by
the following equation:

∆θ = tan−1 ωL − 1
ωC

RL
(6)

A phase constant can be possessed by the meander line resonator, and it is as follows:

β =
2π

λi
(7)

where the symbol λi represents the wavelength of the resonator. By the equations that came
before it, the next equation can be expressed as follows:

∆θ = β l (8)

Or

l = ∆θ/β =
λi
2π

tan−1 ωL − 1
ωC

RL
(9)
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Therefore, Equations (8) and (9) might be taken into consideration within the process
of designing this resonator. As shown in Figure 6, the BPF can be constructed by utilizing a
series connection between the C and L terminals. This will make it possible to construct the
microstrip BPF in accordance with Equation (9). All of the suggested diplexer filters are
listed in Table 1, which contains their varied specs.

Table 1. A description of the technical particulars of the planned diplexer filters.

Design Specifications Descriptions

Substrate Type FR4

Dielectric constant 4.4

tan δ 0.018

Thickness (mm) 1.5

Fractional bandwidths 4.94%, 5.12%

Methodology Meander line, UIR, SIR, patches

Wireless Utilities WiMAX, WIFI/WLAN

Operating resonances (GHz) 1.66 GHz, 2.52 GHz

Frequency Response Chebyshev

To design and simulate the microstrip diplexer that was suggested, the AWR program
was utilized. This was done to accomplish the aforementioned goals. The diplexer was
initially designed to have total substrate dimensions of 32 × 26 mm2, based on FR4
substrate. The microstrip diplexer has a Chebyshev response based on frequency responses
received by the AWR simulator. Each filter for the projected microstrip diplexer has only
one resonator and can be considered a first-order filter. Meander line resonators, patches,
SIR, and UIR components are utilized in the construction of the suggested diplexer, which
is illustrated in Figure 7. Intended to improve band isolation and achieve satisfactory
frequency responses, the diplexer was projected to operate under frequency channels
of 1.66 and 2.52 GHz. The meander line resonator and SIR are two common types of
resonators used in microwave and RF filter designs. The meander line has a serpentine-
shaped topology, which can create resonance through induction and capacitance without
the use of other stubs, perfect for impedance matching. Such an arrangement enhances
compactness and it is very easy to be integrated into stripline or microstrip circuits. On
the other hand, SIR, which consists of branched line sections taking different characteristic
impedances connected in a series, aims to use resistance mismatch at junctions to achieve
the impedance. SIR is known to enable the achievement of narrow bands, or harmonics
blocking, or sharp transitions between passbands and stopbands, which can also include
stubs or tuning elements to be able to adjust a certain band. In the present study, design
nullification of stubs in the meander line, as opposed to the SIR, suggests a structural
deviation in addition to varying operational principles. This also implies that the frequency
responses demanded and the suitability of the SIR and the meander line are structured in
qualitatively different ways, for a wide range of microwave and RF applications.

Nearby SMA connectors and the highest points of input/output feeds, a substantial
number of SIR elements are located. As a consequence of this, it is essential to implement
suitable optimization strategies for each component that is a part of the circuit. Many
parameters can affect the resonant frequency of the filter. These factors include the length
of the filter, the turn number of meander line resonators, patches, and the existence of both
UIR and SIR elements. As may be seen in Figure 7, the dimensions of the diplexer are
expressed in millimeters.
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4. Results and Discussion

Figure 8 shows the frequency responses of the proposed microstrip diplexer. At
1.66 GHz for the first channel (Tx), the proposed diplexer design displays an insertion loss
(IL) of 3.2 dB and a return loss (RL) of 16 dB. The first frequency band’s transmission channel
(Tx) has a fractional bandwidth (∆F) of 4.94% and extends from 1.626 GHz to 1.708 GHz.
The reception channel (Rx) for the second frequency band spans the range of 2.469 GHz to
2.598 GHz, with a central frequency of 2.52 GHz and ∆F of 5.12%. Furthermore, the insertion
loss and return loss for this channel are detected to be 2.88 dB and 21 dB, respectively.
Based on the results of the simulation, it has been determined that the configuration that
has been proposed can maintain an isolation of 31 dB between the two filters.

There are some operational characteristics of the diplexer that are depicted in Figure 9.
A few examples of these features are the scattering parameters’ group delays (S11, S21, S31,
and S32). A visual representation of these qualities can be found in the figure and Table 2. It
is necessary to make use of the group delay (GD) measurement to acquire an understanding
of the average filter delay over a variety of frequencies. A negative group delay indicates
that the diplexer can forecast the position of the pulse at a later time by making use of the
current location of the pulse rather than the position of the pulse at the time of prediction.
It is possible to conclude that a negative group delay is a signal delay and is an essential
property that must be taken into consideration when developing a diplexer. This conclusion
can be reached following the aforementioned information. In the realm of radio frequency
microwave systems, it has garnered a significant amount of attention in recent years. Below,
you can find a detailed table that describes each value contributing to the group delay.
Operation of a microstrip diplexer with a negative group delay requires the use of the
phase of some special components like meander line resonators as a source of the required
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phase shift. Additionally, it clocks signals and performs such functions as signal processing,
filtering, and equalization to eventually improve performance of high-tech communication
systems through the reduction of latency and the gaining of greater transmission rates.
A good design and appropriate tuning should be achieved in order to meet the negative
group delay needs for special application function.
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Table 2. Output GD magnitudes by AWR simulator based on specific S-parameters.

S-Parameter Frequency (GHz) Group Delay (ns)

S11
1.66 12.93
2.52 −9.376

S21
1.66 3.109
2.52 −1.059
2.803 2.001

S31
1.66 −2.341
2.51 2.245
2.69 −5.036

S32
1.66 3.109
2.52 1.695
2.8 2.001

One of the most fundamental capabilities that may be found in a variety of devices,
such as diplexers, amplifiers, and filters, is the capacity to convert an input signal into an
output signal. Furthermore, it is essential to acknowledge the significant influence that the
phase of the input signal has on the phase of the output signal for optimal results. This
discovery highlights the relevance of the phase shift on the signal that is produced as a
result, providing valuable insight into the working of the diplexer. Figure 10 illustrates
the phase response for the projected diplexer, which provides an understanding of the
structural design for the modeled device. Based on Figure 10, the phase response explains
the connection that exists between the phase of an input sinusoidal signal and the phase of
the output signal. It is possible to see the relationship between the two phases of the diplexer
by looking at this figure that illustrates frequency jumps. The scattering parameters, also
known as S-parameters, exhibit a significant correlation, which is an indication of the
high-quality consistency of the design.
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5. Experimentation

As can be seen in Figure 11, the prototype of the diplexer was constructed by employ-
ing a FR4 substrate with a thickness of 1.5 mm and dimensions of 32 mm by 26 mm. A
Vector Network Analyzer (VNA) using the ARINST VNA-DL version, as in Figure 12, was
utilized to validate that the diplexer was functioning properly as compared with simulated
frequency responses. The substrate material undergoes a series of treatments prior to the
Gerber file being sent to the machine by the AWR simulator. Before using the equipment,
several procedures are completed using a CNC Machine 6090 to fabricate the diplexer
prototype. The last step is to connect SMA cables to all three ports to check the built-in
filters’ functionality in the diplexer based on their S-parameters by VNA.
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Following the completion of all of the necessary preparations for the actual testing,
the constructed diplexer was connected to the Vector Network Analyzer to perform mea-
surements as in Figure 12. Quantification of S11, S21, S31, and S32 was accomplished
by the diplexer under test. Following the completion of the measurements, comparisons
were made between the results obtained from the experiment and those obtained from the
simulation, as depicted in Figures 13–15 in terms of S-parameters and phase and group
delay. All measurements are in acceptable agreement with the simulations.
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6. Comparison with Other Reported Studies

In Table 3, a comparison is made between the current study and previous studies that
are associated with the relevant areas. In comparison to the findings of earlier research, the
proposed diplexer demonstrates a significant band isolation level that is noticeably higher,
as compared with [28–38]. The proposed diplexer demonstrates competitive frequency
response characteristics when compared to designs that have been published in [28–38], as
well as a compact size, which measures 32 × 26 mm2. In addition to this, the frequency
response of the proposed structure exhibits a very good return loss in both passbands.
There is a slight disadvantage associated with the device that was built, and that is its
insertion loss, which is 2.88 dB for Tx and 3.2 dB for Rx. However, this is regarded to be
acceptable as compared with [33–43].

Table 3. Comparison of the projected diplexer with other testified studies in the literature.

Reference Resonances
(GHz) IL (dB) RL (dB) Isolation

(dB) Size (mm2)

This work 1.66/2.52 3.2/2.88 16/21 31 32 × 26

[33] 1.94/2.515 2.9/2.5 31.6/29.2 25 32 × 26

[34] 3.06/4.6 0.09/0.01 17.1/27 27.8 18 × 24

[35] 1.24/1.5 1.2/1.36 20/20 25 21 × 26

[36] 1.67/1.88 0.43/0.35 16/19.6 22.13 27.5 × 22.3

[37] 3.2/5.84 1.8/2 21/27 21 24 × 22

[38] 2.12/3.94 0.25/0.26 18.45/17.47 24 23.4 × 16.9

[39] 1.6/2.1 0.1/0.16 33/22 22 40.5 × 23.7

[40] 1.88/3.56 0.12/0.10 19.2/36 20 15 × 20.2

[41] 2.4/5.5 1.67/1.58 11.1/13.2 25.8 14.6 × 10.48

[42] 1.8/2.45 2.05/2.15 15/15 25 50 × 53

[43] 1.8/2.45 2.2/1.8 17/16 21 20.0 × 52.0
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7. Conclusions

The suggested diplexer makes use of a complementary circuit that operates between
1.66 GHz and 2.52 GHz. The proposed design incorporates a meander line resonator and
small square patches, coupled with SIR and UIR features, as well as microstrip feed lines.
Modifying the meander line resonator by adjusting its length and number of turns has
achieved the goal of obtaining a suitable electrical performance. A solver developed by
Advanced Wave Research (AWR) was used to describe the reaction of the diplexer, which
was constructed on a FR4 substrate. A diplexer that can operate for Tx and Rx channels
under resonances of 1.66 and 2.52 GHz has been constructed using the suggested design.
The first frequency band’s transmission channel (Tx) has a fractional bandwidth (∆F) of
4.94% and extends from 1.626 GHz to 1.708 GHz. The reception channel (Rx) for the second
frequency band spans the range of 2.469 GHz to 2.598 GHz, with a central frequency of
2.52 GHz and ∆F of 5.12%. Furthermore, the insertion losses and return losses for this
channel are detected to be 2.88 dB and 21 dB, respectively. Additionally, this diplexer
can keep the two frequencies separate by 31 dB at the same time with viable phase and
group delay values. The proposed diplexer can be easily incorporated into numerous
wireless designs due to its small size (32 × 26 mm2) and outstanding electrical performance.
Manufacturing and measurement testing of the suggested diplexer were both fruitful
outcomes of a simulation that made use of dual channels with highly narrow bandwidths.

8. Future Trends

Optimization techniques like genetic algorithm or particle swarm optimization or
neural networks can be utilized to optimize the frequency response of the projected diplexer,
especially regarding the steepness of each filter for the designed diplexer. Also, Chebyshev
parameters, GD parametric studies, and the equivalent lumped element circuit can be
employed in future study to explore more about the projected diplexer in this paper.
There are many FR4 varieties or alternatives with mostly the same dielectric thickness
and dielectric constant but with lower loss tangent values like Kappa substrate and other
ceramic materials. These materials can reduce the insertion losses for the band responses of
the employed diplexer.

Apart from that, it is also expected that software-defined diplexers will be on the rise.
These diplexers are able to dynamically change and/or adjust their filtering characteristics
when the signaling conditions or requirements are somehow changed. This flexibility and
adaptability can be a positive factor if the operating conditions are dynamic and constant,
or the communication requirements have a tendency to change.

In light of the enormous interest in multi-band applications of communication infras-
tructures and the Internet of Things (IoT), alongside the need for diplexers that would be
able to handle more than one frequency band at a time, this can become a leading trend in
the near future. Such multi-band diplexers can be utilized by modern telecommunication
systems for their particular frequency requisitions, bringing in more flexibility and the
possibility of compatibility with different devices and applications.

The performance, diversity, and acceptability of diplexers in various communication
systems or technologies is largely increased by foreseeing and integrating these future
trends into diplexer design.
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