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1. INTRODUCTION

The rapid advancement of information technology in the world today has led to the widespread adoption of microwave
communications in both military and civilian contexts. Radio transmission, mobile phones, satellite communications, ultra-
wideband wireless networks, fourth-generation networks, and fifth-generation networks (sometimes known as "5G") are all
part of the current system. [1]. Due to the attractive properties of millimeter-wave frequency bands, millimeter-wave devices
have been utilized in a range of applications, such as transceivers, automotive radars, and imaging systems. Channel security,
lower spectral congestion, faster data rates, and better spatial resolution are all characteristics of these traits [2]. Receivers
and transmitters often use multiplexers in their RF front ends. Planar microstrip multiplexers (microstrip diplexers, microstrip
triplexers, and microstrip quadruplexes) are gaining popularity because of their small size, low cost of integration, and high
practicality [5]. The filter, an integral part of the diplexer, can modify the incoming and outgoing signals, block unwanted
ones, and dampen interference. Because of this, the diplexer's filter has a significant impact on the efficacy of the whole
communication setup [1]. While numerous reports of multiband filters exist, the vast majority of these studies are devoted
to the development of multiband bandpass filters. In fact, some applications, like mixers, also require multiband lowpass-
bandpass filters to isolate DC, IF, and other relevant frequencies to reduce system complexity and enhance stability[2].
Furthermore, in communication systems using the diplexer which is a frequency-selective device that can be used either to
combine or split signals with different fundamental frequencies. To be more specific, the diplexer performs filtering on the
signal, isolates the two frequency bands' signals, and recombines them into a single channel with no crosstalk. The diplexer
is made up of two separate channel filters and one shared input. A three-port circuit is formed by connecting the common
input of the two-channel filters. A diplexer has three ports: one for the antenna, one for transmission, and one for reception.
Transmission and reception are split between two filters in a diplexer. Diplexers are utilized to separate the signals coming
from the transmitter and the receiver, as they operate on different frequency ranges [1]. The use of LTE, Bluetooth, Wi-Fi,
WiMAX, and other similar wireless communication systems necessitates multiband or multimode transceivers. To construct
multiband transceivers, multiplexers are crucial [2]. Mobile phone networks, radio transmissions, high-speed wireless
Internet, and satellite-based technologies all fall under this category. Networks can separate or mix signals of different
frequencies by using many ports on a single network. The microwave switch is an essential part of many communication
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systems, including those that use switched beam-forming arrays, multi-in, time-division multiplexing, multi-out, etc. [3].
Transmission lines are often cascaded with filtering structures to boost the electrical performance of a microwave system.
This strategy is useful in rudimentary communication systems of the past. However, the complexity of the microwave front-
end and the number of microwave components utilized have both grown as modern communication techniques have
developed to accommaodate the expanding spectrum environment and the growing variety of communication modalities. The
drawbacks of traditional design methodologies, such as excessively large circuit size, high impedance matching loss, and
high production costs, have become more apparent as time has progressed [3]. Many people are interested in developing
multi-band wireless communication systems, which necessitate multiplexers with desirable characteristics including wide
passbands, low insertion loss, good isolation, and small size. There is an increasing demand for more efficient multiplexers.
To this end, numerous papers have been published to introduce multiplexer research and development. The multiplexer
industry routinely employs the utilization of the stepped impedance resonator (SIR) [4]. Planar and nonplanar diplexers are
commonly utilized at the front end of today's communication networks and test instruments to split a broadband common
input signal into two separate sub bands before further signal processing. Another option is to deploy a diplexer to allow a
single antenna to serve as both a transmitter and receiver. In addition, diplexers can cut down on the amount of radio
frequency components required for subchannels when just one receiving mode is in use. Generally, diplexers are
manufactured using a pair of lowpass and high pass filters or a mixture of band-pass filters. The most prevalent combining
circuit for these filters utilizes E-plane and H-plane power dividers, circulators, Y-junctions, and T-junctions. Microstrip
planar diplexers have been the topic of intensive research in recent years due to its many advantages, including tiny size,
simple fabrication, and integration possibilities[4]. Several varieties of diplexers, based on their channel type, were
introduced: Diplexers with six channels, four channels, two channels, and eight channels are available in many studies [5].
Multiplexers and diplexers, two types of multi-channel microstrip devices, are in high demand in today's cutting-edge multi-
channel communication systems. They've been used to filter out unwanted transmissions from overused frequency ranges.
Triplexers are a kind of multiplexer that can switch between three different signals. Microstrip triplexers, which are both
small and efficient, have recently become a hot commodity on the market for multichannel wireless and mobile systems [6].
Microstrip triplexers have found widespread usage in contemporary communication systems for filtering out unwanted
frequencies and isolating the signals of interest from overlapping ones. As such, a high-performance microstrip triplexer
should be designed with minimal insertion losses and few physical dimensions[7]. Multiple resonators and a matching
section at the input junction are the standard components of a triplexer. The matching network ensures good input matching
and great port-to-port isolation when the resonators block out the unused channels[8]. Triplexers have established themselves
as a reliable alternative for enhancing triband communication networks. Triplexers often combine bandpass filters and
matching circuits into their design to provide band pass output at three distinct frequencies while keeping strong matching
for in-band and isolating the output from any other bands of operation [9]..

2. LITERATURE REVIEW

The SD, IEEE, and Scopus databases were thoroughly searched for English-language publications published between 2018
and 2022.These indices were chosen because of their adequate coverage. Given that the trends of modern microwave
technologies have been very active in telecommunication and radio frequency application services over the past six years,
most of the studies were relevant to our research. This article performs a Boolean query search with several terms connected
with widespread' contemporary microwave technologies' (e.g., ("Microwave” OR "Microwaves" OR "Wireless") AND
("Diplexers" OR "Diplexer") AND ("Triplexer" OR "Triplexers")) and a keyword that takes into account all these phrases
generated under this approach. That is to say, this search term was used to further the exploration of a wide range of cutting-
edge microwave technologies to resolve a wide range of communications and radio frequency challenges.

3. TAXONOMY RESULTS AND ANALYSIS

As a result, 42 papers were left considering the scope of the search. Figure 1 shows the taxonomy result implementing the
types of microstrip devices and their articles.
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Fig.1. A classification scheme for academic literature.

4. TWO-CHANNEL DIPLEXER

The paper [10] proposed a diplexer has two channels, with a distinct bandpass filter for each channel (BPF). Using a novel
suggested CMOS-based right-angled corner-modified split ring resonator (RAC-MSRR), the BPF of both channels is
created on via-free CRLH TLs. The article [11] combines two coupled line bandpass filters to create a small, low-insertion-
loss microstrip diplexer with high isolation (BPFs). There is a coupling capacitance that is tuned in the higher channel in
order to produce an extra "zero™ in the lower BPF transmission. Paper [1] employing a stub-loaded square ring resonator,
a small wide-band diplexer was presented (SLSRR). Simply by altering the stub length, the SLSRR is able to realize a wide
range of passband bandwidths and a tunable center frequency. For the first transmission path, using a 50% FBW with a
passband that spans from 3.23-5.38 GHz. The channel's center frequency is 4.3 GHz.The second channel has an FBW of
51.4% and an average insertion loss of 2.3 dB. Article [12] suggests a new diplexer that can switch between 1.8 and 2.4
gigahertz of frequency. It has a low insertion loss, is small in size, and has a basic topology based on the linked microstrip
line. Avoiding the need for channel-selecting filters and T-junctions is accomplished with the help of a set of coupled lines
and a set of matching stubs. It has been accomplished the creation of a prototype circuit and its subsequent experimental
evaluation. All of the measurements agree very well with the predicted results. The article [13] has developed a switchable
filtering diplexer employing a repurposed resonator is proposed. The fabricated device achieves both a lower insertion loss
and a smaller size in comparison to the reported state of the art.12 * 20 mmm is the size of the occupied area. The resonant
frequency of the switchable resonator can be changed by manipulating the diode's bias state. Paper [14] has developed a
diplexer that eliminates the need for an external matching circuit is proposed. Allocating TZs at the center frequency of the
opposite channel and making use of the impedance transformations provided by the J-inverters allows for high isolation
and good passband selectivity. Diplexers A and B have been tested and found to have isolation characteristics that are
greater than 40 dB. Paper[15] has designed an alternative strategy for developing a compact, high-rejection diplexer that
makes use of hybrid resonator (HR) bandpass filters has been proposed. Since the suggested HR only requires two lines, it
takes up much less room in the RF module's shielding box. It is easy to combine with existing planar printed circuits and
has excellent isolation, and strong selectivity.

The article [16] suggests approach based on configurable TZs that allows for both strong signal isolation and a wide
stopband. A high selectivity microstrip diplexer with a stepped-impedance opened-end structure is used to reduce the size
of a dual-mode resonator and its accompanying harmonics. Even-odd mode and transmission zero control are used to
provide high signal isolation in the upper stopband (1.95GHz) and lower stopband region (2.14GHz). Researchers in the
article [17] Innovative microstrip diplexer with electrically compact and excellent isolation was designed. The radio
occultation method has found widespread use in analyzing a planet's atmosphere. Two intrinsic filters in a balanced
architecture allow for multiple transmission zeroes, which results in a narrow stopband and high port isolation. At both
frequencies, the separation is greater than 27 dB. In the paper [18] a lowpass/dual-band-bandpass filter architecture is
proposed, which is both simple and compact, and which allows for tuning of the transmission zero, center frequency, and
3-dB bandwidth. Article [18] has suggestion about design a new compact metamaterial-based lowpass and dual-band
bandpass filter using folded coupled line and an open-ended L-shaped stub. Only a small number of designs exist that can
produce two distinct the response of filtering. Different bandpass response has been achieved by coupling two-unit cells
with a strip. The location of TZs frequencies and 3-dB bandwidth characteristics may be independently manipulated by
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adjusting a physical component of the specified filter structure. Microstrip diplexer has two close channels, 1.67 GHz, and
1.88 GHz was proposed in [19]. The architecture of the proposed diplexer can be utilized by coupling two open loop
meandrous resonators by spiral cells. The new resonator was conceptualized using an LC model. Despite the narrow
bandwidth, there is only 0.43 dB and 0.35 dB of insertion loss in the first and second bands. It's used for FDD schemes and
GSM applications because of its two close channels, 1.67 GHz, and 1.88 GHz. The study [20] has developed, manufactured,
and characterized a compact low-pass (LP) and bandpass (BP) diplexer filter with the desired response characteristics. The
LP filter has two parts: the main resonator and a suppressor resonator. The calculated BP filter performs brilliantly with a
bandwidth of 0.2 GHz and a center frequency of 2.42 GHz, a lower stopband bandwidth of 4.68 GHz, and a larger
bandwidth of 7.35 GHz. At long last, the suggested LP/BP filter has been built and tested, with good agreement between
modeling and fabrication results. An LP/BP diplexer consisting of (LP) filter and (BP) filter with the requisite responses
has been designed, manufactured, and evaluated in [21]. The measured bandwidths of the lower stopband (2 GHz) and
upper bandwidth (4.68 GHz) confirm the calculated bandwidth of 0.2 GHz for the BP filter centered at 2.42 GHz. The
suggested LP filter is developed using a single-resonator suppressor construction and a primary resonator. Transition band
is 0.29 GHz; 3 dB cut-off frequency is 1.46 GHz. Rohde & Schwarz ZVL20 Network Analyzer microstrip diplexer that
has minimal insertion loss, good selectivity, and excellent isolation has been proposed in [22]. With fractional bandwidths
of 2.8% and 3.2%, the structure offers good insertion losses for the two channels of about 1.6 and 1.3 dB respectively. In
the paper [23], the researchers have proposed a wide stopband with a high-isolation diplexer . The first step is the design
of a composite resonator that achieves a 40dB isolation level. Second, a lowpass filter (LPF) can be constructed by including
a broad passband in the device's common port. Finally, by adding PIN diodes to the circuit, a switchable response diplexer
is constructed. Suppression is greater than 20 dB across the board. The article [24] has designed and constructed a
microstrip diplexer with outstanding performance. It operates at 3.5 GHz for 5G communications below 6 GHz and 5 GHz
for Wi-Fi communications. for both channels the insertion losses are less than (0.5) dB, which is significantly less than
those of competitors. For fifth-generation applications and wireless communications, this structure is highly desirable. In
this article [25], the researchers have proposed a straightforward method for designing a microstrip diplexer. microstrip
diplexer is based on band-pass filters called Square Open Loop Resonators. The 2.45 GHz frequency used by these filters
makes them ideal for Radio Frequency Identification systems. The results demonstrate that despite its small size, the
diplexer offers excellent selectivity, the insertion loss is low, and low high isolation. In article [26], 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 tech 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 quadruplex components. The researchers in the study [27] have proposed
a structure that is compact and has a negligible inserted loss at operating frequencies. All of the tests were run in the Ansoff
HFSS, a specialized piece of software for simulating electrodynamic phenomena in three dimensions. There are two filters
in the diplexer, and they both work at different frequencies. According to the results of the measurements, the first
operational band has a value of 358 MHz, and the second is at 680 MHz A miniaturized microstrip diplexer for dual
channels has been designed on paper [28]. It consists of two bandpass filters operating in different bands frequency that
are joined by a single junction. Every BPF consists of an input/output feed line, a meandered line resonator, a step-
impedance resonator, and a uniform impedance resonator. The filter has a meandered line resonator, SIR elements, UIR
elements, and three feed lines. A high-performance microstrip diplexer utilizing connected triangular microstrip cells is
presented here in [29]. Using frequencies of 1 GHz and 1.3 GHz, it is fully compatible with L-band networks. The insertion
and return losses of the channels are improved to better than 0.21 dB and 25 dB, respectively. This gadget also features
excellent channel isolation of 40 dB. The great isolation of 40 dB between its channels is another benefit of this diplexer.
A dual-channel diplexer using linked open-loop microstrip resonators is proposed and investigated in the article [30] using
an ADS simulator. Simulated results for this device indicate insertion loss values of (1.8 dB) and (1.0 dB) at loads first and
second, respectively. With the use of microstrip open-loop resonators and source-load coupling lines, 35 dB-isolated
channel bands have been efficiently created. Planar diplexer for use in cellular system frequencies between 900 and 1800
MHz was designed in [31] By adding external capacitors to hairpin resonators, the researchers were able to reduce their
footprint by 40% compared to unloaded counterparts. With this setup, the researchers can save as much as 40 percent of
their current space as a result of the resonators' smaller footprint. The configuration showed significant gains in isolation
between ports, channel isolation, and stopband rejection compared to its predecessor design. A diplexer with multiple
tunable (TZs) that share a common stub-loaded resonator SIR has been presented in [32]. Multiple TZs are created to
increase selectiveness and isolation between the two channels. The design, build and evaluation of a device for use at 2.22
and 2.95 GHz are presented as examples. It has properties like low loss, high selectivity, and complete isolation. In the
paper [33] diplexer has two meander transmission lines and two hook-shaped feeding lines, as well as two tri-band
bandpass filters (BPFs). Stub-loaded stepped-impedance resonators form the basis of the BPFs' design (SLSIRS). Two
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meander networks operate at 1.46/1.74/2.96 GHz (for Load 1) and 0.89 / 2.40/3.15/4.40 GHz for Load 2. The proposed
diplexer is supported by evidence from both simulation and experiment. The diplexer combines two distinct types of filters
into a single device has been proposed in [34]. Microstrip line coupling techniques were used in the design of these filters.
The 2.3 GHz band filter was designed using a coupled open loop ring resonator, while the 3.5 GHz band filter used a folded
coupled line resonator. Figure 2 will show a two-channel diplexer sample.

Fig.2. Two-Channel Diplexer Sample

5. Four-Channel Diplexer

In the study [35] the quad-channel diplexer is built out of two separate four-mode resonators and takes up very little space
in the circuit. It has been proposed for use in the BPF and the dual-band bandpass filter (BPF). The advantages of the proposed
circuits exhibit the benefits of both compact size and high performance. In Article [36] a quad-channel diplexer, made up of
two separate dual-band bandpass filters, makes use of the proposed resonator. Using a combination of dual-mode and parallel
quad-mode resonators, a triple-band BPF was developed. Three second-order resonators can be designed separately, tuned
in a variety of ways, and use less space. The fundamental design of a triple-mode resonator is used for the multi-mode stub-
loaded resonator. In the article [37], the researchers have designed to create a quad-channel diplexer, two QMSRRs are
used. Quad-mode square ring resonators produce two TZs at frequencies between the four resonant frequencies. Isolation
and passband selectivity in the resulting design is good. The vision will be clear when you see Figure 3 which represents a
sample of four channel diplexer sample.

Fig.3. Four-Channel Diplexer Sample

6. SIX-CHANNEL DIPLEXER
In paper [5], The design and construction of a microstrip diplexer with six channels is described. The proposed structure
has a compact size of 0.025 Ag2 where Ag is the guided wavelength calculated at 0.75 GHz taking the advantages of good
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isolation of fewer than 22 decibels is obtained between the channels. In Article [38] There has been a proposal for a
compact and highly isolating six-channel diplexer. To make it, using numerous coupling routes to connect two tri-band
bandpass filters (BPFs) to a common feed. As an example, a 0.69 g and 0.21 g microstrip was fabricated using microstrip
technology, with a third-order bandpass response. A sample of a six-channel diplexer will show in Figure 4.

Define abbreviations and acronyms the first time they are used in the text, even after they have been defined in the abstract.
Abbreviations such as IEEE, SI, MKS, CGS, sc, dc, and rms do not have to be defined. Do not use abbreviations in the title
or heads unless they are unavoidable.
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Fig.4. Six-Channel Diplexer Sample

7. EIGHT-CHANNEL DIPLEXER

In Article [39] an eight-channel diplexer comprised of four pairs of linked asymmetric stepped-impedance resonators (SIRs)
is designed for use with GPS, GSM, WLAN, and 5G mid-band. SIRs provide four independent channels with great
selectivity and low loss, and isolate signals from one another by more than 40dB. This means it can be used in cutting-edge
wireless communication systems that employ several bands and services. So, the asymmetric SIR makes it simple to create
a small multiplexer. Figure 5 will represent an eight-channel diplexer sample.

Fig.5. Eight-Channel Diplexer Sample

8. TRIPLEXER

The paper [6] shows the details of the planning and evaluation a novel planar four-port microstrip triplexer operating at
1.9GHz, 2.5GHz, and 3.35GHz. The proposed design features compact patch cells arranged in a spiral pattern. Simulated
and measured insertion losses are less than 0.4dB and 0.7dB, respectively. In the article[40], Suspended line technology
incorporated into the substrate is proposed for use in a revolutionary new triplexer design. The triplexer has low insertion
losses of 1.4/1.3/0.8 dB for the 0.8, 2.5, and 5.8 GHz channels and good isolations across its three ports. As a result of the
T-junction, the triplexer is able to produce isolation of greater than 35 dB between the two low-pass filters (LPFs) and the
high-pass filter (HPF). Utilizing a suspended, patterned substrate for loss reduction significantly improves the proposed
concept. Microstrip triplexer for wireless and WiMAX applications is proposed in [7]. The new 3.2-3.6 GHz resonator has
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a size of 0.35g0.26g, with g measured at 2.3 GHz. Aside from that, the measured insertion losses are 0.78 dB, 1.1 dB, and
0.62 dB. They employed a recently developed LC equivalent model of the resonator to fine-tune the resonance frequencies.
The article [9] Describes how a small inline triplexer can be built for use in wireless transceivers that support several
frequency bands. Three bandpass filters are interdigital and connected to a single feeding line. For maximum segregation,
each band pass filter is built with at least one transmission zero in the other operational bands. A prototype triplexer working
at 2.3GHz, 3.4GHz, and 5.6GHz has been created and evaluated. Full-wave EM modeling results are in good agreement
with the measurements. The researchers in the article [41] a triplexer using E-stub-loaded composite right-/left-handed
(ESL-CRLH) resonators with a quasi-lumped impedance matching network has been presented. The designed triplexer has
excellent port-to-port isolation and low in-band insertion losses for its three filter channels at 1.86, 2.41, and 3.25 GHz. It
is a suitable contender for modern multi-standard communication systems. The researchers in [3] have proposed a lowpass-
bandpass triplexer integrated switch that has eight distinct states, with one LPC and two BPCs each having the ability to
be turned ON or OFF. The LPC design utilizes an optimized set of parameters derived from the lowpass transformation
approach and the traditional coupled-resonator filter design theory. Modern integrated circuit design can benefit from the
proposed architectures' portability since they allow for smaller sizes and higher frequencies. The even- and odd-mode
approach was used to establish the connection between the open stub DSLR's three resonant modes. For mobile
communication applications, the DSLR resonator is linked with three sets of hairpin resonators to form the triplexer at 1.8,
2.1, and 2.6 GHz. The article [42] provides an analysis of a four-port triplexer by using a common resonator (DSLR). A
six-pole high-tolerance switch (HTS) narrowband triplexer is developed, with switches implemented in each channel to
enable one, two, or three channels in a total of eight distinct operational modes. Based on a three-mode common net-type
resonator, the paper [43] presents the design of a small, switchable, narrow-band high-temperature superconducting
triplexer. In the study [44], the researchers use the characteristics of steps , coupled lines, and spiral cells to design a new
microstrip triplexer with adjustable resonance frequencies. Microstrip triplexer can support 4G LTE at 2.67 GHz and
WiIMAX at 3.1 GHz. Because of its close resonance frequencies, it can be used in frequency division duplex systems. The
insertion loss of the suggested resonator is reduced by studying its LC equivalent circuit. In addition, the return losses are
optimized by properly aligning the linked lines and step impedance structures. Problems with design include avoiding
loading effects and integrating resonators for two or more bands into a single-band resonator's footprint. Stub-loaded
resonators, which exhibit a wide variety of small-band loading effects, are used to get around these bottlenecks. On
RO4003C substrates, the researchers in [45] have successfully fabricated all of the currently proposed circuits. Band
matching conditions necessary to suppress loading effects are provided by the proposed SLR D and SLR T. integration of
the matching circuit into the resonator, eliminating the need for a separate external matching circuit. Problems such as the
input matching impedance section, the power combiner section, and the isolation section are all microstrip transmission
line and resistor model components that make up a triplexer's overall architecture. The input impedance and the two losses
(insertion, return) and isolation of triplexers #1, #2, and #3 at 0.915, 1.8, and 2.45 GHz have all been verified in [8]. To
make the view clear, Figure 6 will show a sample of a triplexer.

Fig.6. Triplexer Sample

9. CHALLENGES AND CRITICAL REVIEW

As the modern communication infrastructure evolves, reducing the size of microwave diplexers and improving their
performance parameters has become an increasingly crucial and difficult problem[10]. Microstrip diplexers rely heavily on
the branch length of the T or Y junction for impedance matching, as the frequency division diplexer is often made up of
two passband filters. However, there is a possibility that this diplexer design will be too bulky to be practical. There are a
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variety of methods known to successfully reduce size [12]. The proposed microstrip diplexer construction must have a
relatively compact size. However, significant insertion and return losses impact the design of diplexers[5]. So, getting the
right coupling between two channels is sometimes a laborious process. The T-junction is the most prevalent in diplexer
design, and the traditional method is frequently used. It is common practice to use a T-junction for connecting several BPFs
that have been tuned to the same frequency so that they can continue to match and remain isolated from one another. T-
junctions can be viewed as extra matching circuits in diplexers since they do not contribute to the resonant mode and the
microstrip lines connected to T-junctions always occupy extra circuit area[14]. With the use of an 1/O stub-loaded resonator.
By altering the open circuit, the stub functions as a dual-mode filter with tunable cutoff selectivity. However, this microstrip
filter is somewhat bulky to prevent higher sideband harmonics from diminishing the passband performance of filter and
diplexer circuits, suppression of these frequencies is still challenging [16]. According to the literature review shown above,
bandpass filters are commonly used in the implementation of multi-band filters and multiplexers. Moreover, designers still
have a hard time making multi-band lowpass-bandpass filters, especially in the case of more than three-operation bands,
as it is typically difficult to simultaneously satisfy all the design conditions required for all passhands due to the limited
degrees of freedom in the design parameter. [2].Moreover, improving the insertion loss and isolation may be happening
but the gap between channels of the microstrip diplexer will be large and that represents the main challenge to the
designers[19]. Multiband and multiservice wireless communication systems can greatly benefit from a multichannel
diplexer that features a small circuit size, low insertion loss, good isolation, and adjustable passband frequencies. But it's
difficult to construct a multichannel diplexer with all those bells and whistles[39]. However, due to the common resonator's
restriction on the mode, it is rarely promoted to multiplexers with numerous channels. To that end, it's important to think
about the conditions under which the common port and each in-band port line up. For more leeway in the creative
process[41].Since this is the case, designers of LP/BP diplexers need to be familiar with the principles of LP filter design
as well as BP filter design[20]. Low insertion losses in the passbands, a high roll-off rate, a wide stopband, and strong
isolation between the two output ports are some of the most pressing concerns in the design of LP/BP diplexers. When
designing diplexers, it's important to keep in mind that the band passes of the filters shouldn't overlap[20]. Otherwise, the
signal would be split, which will result in much higher insertion losses. The passband of the BP filter follows the passband
of the LP filter in LP/BP diplexers. Second, the diplexer's two separate output ports are kept completely separate from one
another. Diplexers, in contrast to Wilkinson power dividers, do not have an isolation resistor, hence signal transmission
between the two output ports in the passbands must be very low (high isolation). In order to accommodate the requirements
of the modern wireless communication system, known as the fifth generation (5G), a new diplexer integrated SPDT switch
is required. Its usefulness is so restricted. Furthermore, designing an SPDT switch with an integrated diplexer is difficult
[21]. However, delivering strong attenuation in one passband while giving excellent transmission in another is a difficult
problem to build into a matching network. T-junction impedance matching networks have seen extensive use in diplexers
as a three-port matching network. Though massive in scale, the T-dimension junctions must be chosen with care[22]. In
cases where the number of multiplexer channels is greater than 2, however, the design of a matching circuit can be
challenging[45]. Keeping very high impedance levels (preferably infinite) over a large bandwidth is difficult from a
practical implementation standpoint, and this typically results in a decrease in the isolation level between channels[31].
From a power view, designing one is complex due to the difficulty of achieving perfect impedance matching across the
whole frequency range of the rectifier. Rectifier impedances can be matched to antenna impedances at some frequencies
while being significantly mismatched at others. Multiple stages in the wideband matching circuit might lead to a significant
loss. Low incident power levels make high matching loss unfavorable for ambient energy gathering [46]. Finally, after all
these challenges according to the literature it’s still lake to prove the design of diplexer and triplexer together using a similar
shape of resonators.

10. CONCLUSION

According to the survey, many studies have designed two channel diplexers. However, little studies considered the other
types of diplexers. The size of shape is still an issue considering the isolation and insertion loss. For future works many of
these two-channel diplexer can be extending to (four, six, eight) channels. Furthermore, triplexer’s design can be extended
from these diplexers taking into account the third filter that combined with the diplexers.
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