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1. INTRODUCTION

In the last few years, wireless communication technologies are essential and play a significant part
in many wireless system applications [1]. A key component of frequency division duplex technology is the
microwave diplexer [2], [3]. Three-port devices are called diplexers. The diplexer devices divide the input
signal from the single input port into two distinct channels that operate at two different desirable frequencies
[4]-[6]. A variety of microstrip diplexer types are introduced. Unfortunately, they all take up a lot of space
[7]-[23]. A cavity-backed self-diplexing Y-shaped slot antenna utilizing quarter-mode substrate integrated
waveguide (QMSIW) is designed for achieving high isolation [7]. This antenna incorporates a Y -shaped slot
on the top surface of the rectangular substrate integrated waveguide (SIW), creating two unequal radiating
openings for transmitting signals at both 3.9 GHz and 4.9 GHz frequencies. While this configuration results
in a high-gain antenna, it suffers from poor transmission-reception isolation at 34 dB and a relatively wide
frequency separation, with a space ratio of r=0.227. A self-diplexing bow-tie shaped slot antenna is
introduced, which is based on a SIW cavity [8]. This design excites the SIW cavity using two distinct feed
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lines, causing it to resonate at the frequencies used for transmission, and reception. This well-known setup
produces a high-gain antenna with a unidirectional radiation pattern. However, it still exhibits a substantial
frequency space ratio of r=0.22 and suboptimal transmission-reception isolation at 22 dB. Feng et al. [9]
combine the global system for mobile (GSM) and wireless local area network (WLAN) frequency bands
using a microstrip diplexer. The negative effects of the microstrip diplexer are reduced by this design. It has
some shortcomings, such as significant channel losses and a 30 dB isolation limit. A straightforward method
for designing a microstrip diplexer is suggested in [10]. It is built using two small square open loop resonator
band pass filters together. These filters were created for 2.45 GHz radio frequency identification applications.
Chebychev's approximation is used. Diplexer isolation is 40 dB. A dual-mode resonator-based substrate
integrated waveguide (SIW) diplexer is suggested in [11]. This diplexer is used to enhance RF front end
performance. This diplexer provides appropriate isolation of 49 dB and 53 dB, respectively, for the broadcast
and receive channels. Yet, some of its shortcomings are its size. A squared open-loop resonator
(SOLR)-based microstrip diplexer is proposed in [12] for implementation. The suggested diplexer achieves a
tiny frequency space ratio of R=0.114 and has two resonance frequencies of 1.81 GHz and 2.03 GHz for the
transmit and receive channels, respectively. Yet, some of its shortcomings are its size.

A microstrip diplexer has been created by combining two separate channel filters to a dual-band
bandpass filter [13]. This design avoids the requirement for external junctions in the construction of
diplexers, in contrast to the conventional design method that necessitates separate connections or junctions
for energy distribution. A 50 dB isolation between the diplexer's broadcast and receive bands was shown by
simulation results and experimental observations. Nonetheless, it did have significant insertion losses in the
transmit and receive bands of 2.88 dB and 2.95 dB, respectively. A brand-new microstrip diplexer with good
isolation and selectivity has been presented in [14]. It is based on combining two small-size bandpass filters
composed of open/shorted lines and an open stub for LTE applications. For the frequency response
performance to be improved, many types of resonators are used [15]-[27]. Recently, other resonator shapes
such as u-shaped [15], [16], t-shaped [17], pi-shaped [18], stepped-impedance [19], and patch resonators
[20], [21] have been introduced, showcasing the diverse and innovative approaches in the field of resonator
design for various applications in electronics and communication systems. Patch resonators are utilized in
[22] to produce a filtering response. In order to create a microstrip diplexer, two bandpass filters (BPFs)
made of spiral cells and coupled lines are integrated in [23]. It has some drawbacks, including unwanted
harmonics and large losses at both channels. The layout arrangement of the demonstrated microstrip diplexer
in [24] uses three coupled lines structures to better reduce harmonics, however the issue of large losses at
both channels is still present. While efforts are being made to create a compact microstrip bandpass diplexer
with good performance, the design aspects, such as low losses and increased fractional bandwidth, make it
difficult to sacrifice the compact size.

This work introduces a high isolation and low insertion loss effective design scheme for microstrip
diplexers. The two compact size BPFs that make up the proposed diplexer are constructed from linked OLRs.
A T-junction that serves as a combining circuit connects the two BPFs to the antenna and provides good
isolation between the up-link and down-link BPFs. Initially, a high selectivity BPF is created for 2.191 GHz
operation. The suggested microstrip diplexer is then made up of the other BPF, which is created to operate at
2.584 GHz, and the first BPF.

2. PROPOSED OLR-BASED MICROSTRIP DIPLEXER

Generally, two band pass filters are constructed as the initial step in the microstrip diplexer design
process. In this part, a different design for a highly effective microstrip diplexer operating at f; = 2.191 GHz
and f,, = 2.584 GHz for transmit and receive modes, respectively, is shown using the computer simulation
technology (CST) software.

The specified rogers TMM4 substrate has the planned diplexer printed on both sides of it. In order to
achieve the desired, transmit, and receive frequencies, f; = 2.191 GHz and f, = 2.584 GHz, respectively,
two selective BPFs are joined together to form the proposed diplexer. The T-junction is used to join the two
BPFs together. As a result, the suggested diplexer's design process can be completed in the following two
steps: i) the transmit and receive BPF designs and ii) the planned microstrip diplexer's meeting.

2.1. Creating the transmit and receive bandpass filters

In this section, we introduce designs for the transmit and receive bandpass filters (BPFs). The
proposed topology for the microstrip bandpass filter is shown in Figure 1. As is evident, this structure
comprises two input/output feed lines and a typical rectangular open-loop resonator. The separation Lt serves
to separate the two feed lines, whereas gap g1 facilitates coupling between the two transmission lines and the
resonator. In this instance, a better size reduction is guaranteed by the folded microstrip resonator and the
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efficient placement of the two feed lines. CST-MWS-2019 was used to investigate the operation of the BPF
and simulate the shown OLR-BPF, which are printed on a 1.52 mm rogers TMM4 substrate.

At the transmit frequency of f, = 2.191 GHz, OLRs are used, as shown in Figures 1(a) and (b),
each with a total length of roughly A,/2. Table 1 contains a list of the filter's dimensions. The width and
length of the trace line, coupled with the separation gap g,, determine each resonator's internal capacitance,
which in turn influences the filter's selectivity and insertion loss.

Figure 1(c) illustrates the simulated scattering parameters for the proposed transmit bandpass filter,
as determined through CST microwave studio. This filter features a central frequency of 2.191 GHz, a 3 dB
bandwidth spanning 47.1 MHz, a fractional bandwidth of 1.24%, a return loss of 20 dB, and an insertion loss
of 1.4 dB, successfully meeting various performance requirements. The suggested receive BPF, which has
dimensions indicated in Table 1, is depicted in Figures 2(a) and (b) and follows the same conceptual
framework. Figure 2(c) displays the receive BPF's simulated scattering parameters. The curves analysis
reveals the BPF's center frequency to be 2.584 GHz, 3dB bandwidth to be 20.7 MHz, fractional bandwidth to
be 0.636%, return loss to be 15.6 dB, and insertion loss to be 1.3 dB.
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Figure 1. Depicts the geometric design of the transmit bandpass filter based on OLR, featuring a resonance
frequency of f=2.191 GHz; (a) presents the top view, while (b) provides the bottom view, and (c) the receive
BPF's simulated S-parameters

Table 1. The suggested transmit and receive BPF's dimensions
Parameter  Value (mm)  Parameter  Value (mm)

w 25 Ly 11.2
L 25 g 0.75
We 3.06 g, 15
L¢ 25 g3 1
W 7 gs1 0.75
Ls 14 gs2 1.75
Wy 7 8s3 1
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Figure 2. The geometrical construction of the OLR-based receive BPF with resonance frequency
f: = 2.584 GHz; (a) top view, (b) bottom view, and (c) the transmit BPF's simulated S-parameters
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The second method in this section is committed to studying the proposed approach by changing the
microstrip design to its corresponding tuned circuit (LC) model, as illustrated in Figure 3. This conversion is
performed to gain a better understanding of the behavior of the suggested BPF. The suggested topology is
symmetric, making it simple to use half circuit LC analysis to convert the microstrip transmission lines to the
LC model, as illustrated in Figure 3. The microstrip transmission lines are assumed to have negligible losses,
and the LC model used is an approximation. In this LC model, the inductance of the central transmission lines is
approximated using parameters L1 to L9C1 addresses the capacitance arising from the space between the two
feed lines, whereas C2 and C3 simulate the capacitance effects that stem from the gap between the feed line and
the resonator. C8 and C9 depict the capacitance effects of the open stubs with respect to the ground, and the
capacitance effects resulting from the bends are also symbolized by values C3, C4, C5, and C6.

E Port 1 L, —(Ijll Le_ Port 2 q
Ca:: C
Cy L, - 3
Ls L.

T T °T
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Figure 3. The proposed BPF's LC equivalent circuit

Every component of the microstrip line is then modified to an equivalent LC component after being
divided into smaller sections to assist the conversion process. The electrical magnitudes of each element are
determined using the calculation method provided in [25].

The effective dielectric constant and the characteristic impedance are the two primary parameters
that should be determined, therefore for a line width Wy = 3.06 mm, we obtain (g, = 3.55, Z, = 49.9). The
modified circuit is then simulated in a schematic environment, following the use of the calculating procedure
several simulations were conducted, wherein adjustments were made to the values of individual LC model
components to improve the alignment between electromagnetic simulation results and the converted circuit.
The LC equivalent circuit of the proposed BPF was simulated using the electromagnetic simulator ADS. The
simulated scattering parameters of the LC model using the ADS simulation tool are shown in Figure 4. It is
noticed that the behavior of the BPFs is ideal and allows to pass frequency 2.191 GHz (Figure 4(a)) at values
of the LC components as follow: L, = 0.01, L, = 0.01, L; = 0.01, L, = 0.01, Ly = 0.01, Lz = 0.01,
L, = 0.009, Lg= 0.01, Ly= 0.01 (all in nH). ¢, = 42,C,= le—6, C;= 0.18, C, = le—6,
Cs = 012, Cy = 0.12,C; = 0.15,C5 = 7.4, Cy = 6, C;y = 0.12 (all in pF), and 2.584 GHz (Figure 4(b)
at values of the LC components as follow: L, = 0.01, L, = 0.01, L; = 0.01, L, = 0.01, Ly = 0.01,

Ly = 0.01, L, = 0.009, Lg= 0.01, Ly= 0.01 (all in nH). C, = 48,C,= le—6, C;= 0.17,
C,=1e—6,Cs= le—6,Co= 86,C;, = 14,Cy = 7.4,Co = 6, Cyp = 0.12 (all in pF).
0
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Figure 4. Scattering parameter of proposed BPF equivalent circuit in ADS simulation program;
(a) at 2.191 GHz and (b) at 2.584 GHz
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2.2. The suggested microstrip diplexer's assembly

The two OLR-based BPFs discussed before and shown in subsection 2.1 are connected by a
T-junction in this section to introduce the whole configuration of the proposed diplexer as shown in Figure 5,
where Figure 5(a) is top view and Figure 5(b) is bottom view. The isolation among transmit and receive
channels is controlled by the width and length of the T-junction branches. Table 2 has a list of the proposed
diplexer's dimensions.

Fy

Wy

L,

=
(b)

Figure 5. The suggested diplexer's construction; (a) top view and (b) bottom view

Table 2. The suggested diplexer's dimensions
Parameter  Value (mm)  Parameter  Value (mm)

W, 90 W, 3.065
Lq 70 Lpz 41.2
W, 3.056 Wi 3.065
L1 25 Lps 32
W, 405 g 25

Figure 6 displays the simulation results of the proposed diplexer's scattering parameters |S;1[,[S21],
and |S54| versus frequency. For the transmit and receive channels, respectively, the structure displays good
insertion losses of around 1.2 dB and 1.7 dB, with fractional bandwidths of 1.24% at f; = 2.191 GHz and
0.636% at f., = 2.584 GHz. To put it another way, the transmit and receive bands' respective 3dB
bandwidths are 36 MHz and 21.1 MHz, and the corresponding simulated return losses are 40 dB and 26 dB.
The scattering parameter |S;,| is displayed in Figure 7. The simulated isolation values are 53.3 dB and
66.5 dB, respectively, at 2.191 GHz and 2.584 GHz. The suggested diplexer also achieves a modest
frequency space ratio R=0.1646. This ratio is defined as the distance among the transmit and receive
frequencies Af = |f, — f;| and the center of frequency f, = (f; + f-)/2, where R is given by [26].
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Figure 7. The suggested diplexer's simulated
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Figure 8 displays the proposed diplexer's simulated current distributions at transmit and receive
frequencies. As depicted in Figure 8(a), the transmission line connecting port 1 to port 3 exhibits a significant
current density when the diplexer is set to transmit at a frequency of f=2.191 GHz, while the connection from
port 1 to port 2 is effectively an open circuit. Conversely, in Figure 8(b), when the diplexer operates at the
receiving frequency f=2.584 GHz, the line between port 1 and port 2 displays high current density, and the
path between port 1 and port 3 is essentially an open circuit. This results in strong isolation between the
broadcasting and receiving channels.

(b)
Figure 8. Distribution of surface current in the suggested diplexer at; (a) f; = 2.191 GHz, and
(b) f, = 2.584 GHz

The suggested diplexer has a good properties and performance in terms of dimention, resonance
frequency (GHz) at transmit channel and receive channel, fractional bandwidths (FBW (GHZz)), insertion loss
(dB), return loss (dB), isolation (dB), and frequency space ratio (R), compared to #1 up to #15. A comparison
displays a competitive version of the offered diplexer designs, which are organized in Table 3.

Table 3. Comparison with related work

# Ref. Size /’lj Frequency (GHz) FBW (%) Insertion loss (dB)  Return loss (dB)  Isolation (dB) R

1 [5] 0.0233 1.7/3.3 1.8 0.87 -36 -23/-25 0.64
2 [71 0.6889 3.9/4.9 NA NA -32/-38 -34 0.227
2 [8] 0.4356 9/11.2 NA NA -28/-32 -25 0.22
4 [9] 0.35 1.8/2.4 6/5.8 NA -23/-25 30 0.286
5 [10] 1.2 2.212.6 4.55/5 1.6/1 -20 40 0.167
6 [11] 4.6 8.04/9.07 4.23/4.19 2.35/2.33 -22/-30 49/53 0.12
7 [12] 15 1.81/2.03 2.25/3 1.98/1.9 -30/-38 58/46 0.114
8 [14] 0.167 1.8/2.1 5.5/6.2 2/1.8 -28/-30 40 0.154
9 [22] 0.89 1.85/2.5 NA 4.2/3.3 -20/-19 31 NA

3. CONCLUSION

This article presents a highly effective microstrip diplexer for a wireless communication system
using OLR BPFs, which achieves excellent selectivity, strong isolation, a minimal frequency gap, and
minimal insertion loss. It operates at f; = 2.191 GHz and f, = 2.584 GHz, and Roger TMM4 has been
selected as the substrate due to its minimal electrical loss and steady dielectric constant across frequency. The
suggested design of the diplexer has been designed employing CST microwave studio software,
demonstrating the best performance with high isolation of approximately 53.3 dB and 66.5 dB for 2.191 GHz
and 2.584 GHz, respectively. It also demonstrates the lowest insertion loss of approximately 1.2 dB for the
transmit channel and 1.7 dB for the receive channel, as well as an acceptable frequency space ratio of
approximately 0.1646 and small fractional bandwidths of 1.24% and 0.636% for the transmit and receive
channels, respectively. A numerical equation for the LC equivalent circuit of the recommended BPF and the
suggested microstrip diplexer was built. The finalized diplexer is well suited for wireless communication
systems due to its miniaturized size, minimal insertion loss, and great selectivity.
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