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ABSTRACT The rapid expansion of the Internet of Things (IoT) necessitates advanced communication 
technologies that can efficiently manage diverse frequency requirements and ensure reliable connectivity 
across various applications. This paper presents the design and analysis of a microstrip 4-channel diplexer 
with resonance frequencies of 700 MHz, 1.39 GHz, 2.366 GHz, and 2.9 GHz. Strategically designed to 
support low-power wide-area networks (LPWAN), smart device connectivity, and high-speed data transfer, 
this versatile diplexer addresses the critical demands of modern wireless communication systems in sectors 
such as smart cities, healthcare, and industrial automation. The innovative quad-band diplexer achieves 
remarkably Minimal insertion losses of 0.52 dB, 0.14 dB, 0.33 dB, and 0.15 dB across its four passbands, 
along with enhanced harmonic suppression for superior signal integrity and reduced interference. Its ultra-
compact structure, measuring only 0.0028λg², allows for easy integration into space-constrained 
environments. The use of novel, divided microstrip coupled lines significantly enhances performance while 
minimizing size, indicating that this diplexer can greatly improve the efficiency and reliability of wireless 
communication systems, paving the way for advanced multi-band operations and meeting the demands of 
modern multi-service and 5G networks. 

INDEX TERMS Microstrip, Coupled lines, Quad-channel, Diplexer, Transfer Function, IoT.

I. INTRODUCTION 

The increasing demand for efficient and compact 
communication systems has driven significant advancements 
in the design of multi-channel devices [1]. Among these, 
microstrip diplexers have become essential components in 
modern telecommunication systems, facilitating the 
simultaneous transmission of multiple frequency bands. 
However, many existing designs suffer from critical 
limitations that hinder their performance and applicability in 
real-world scenarios. For instance, several studies have 
highlighted common issues in traditional microstrip diplexer 
designs, including high insertion losses and narrow 
bandwidths, which significantly impact overall system 

efficiency [2-4]. Several types of quad-channel diplexers are 
proposed in [5-16], all of which are very large. In [5], a quad-
channel microstrip diplexer is presented, showcasing 
impressive isolation metrics. However, this design is plagued 
by relatively high insertion losses that can severely limit its 
effectiveness in high-performance applications. Similarly, 
reference [6] proposes a multi-channel diplexer for 
telecommunications; however, it is characterized by narrow 
fractional bandwidths, which restrict its versatility across 
different communication scenarios. Additionally, another 
quad-channel diplexer introduced in [7] faces challenges 
with harmonic suppression and fractional bandwidth. 
Moreover, reference [8] explores the application of 
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electromagnetic simulation tools in optimizing microstrip 
diplexer designs; however, many existing designs fail to 
effectively leverage these tools, resulting in suboptimal 
performance predictions. Additionally, this diplexer was 
unable to suppress the harmonics effectively. The designed 
diplexer in [9] can attenuate harmonics more effectively than 
other references. However, its channels are very narrow, 
which leads to an increase in group delay. A very large 
matching network in reference [10] is used, which leads to a 
size increment. Reference [11] could improve the fractional 
bandwidths, but it couldn’t solve the problems of large size.  
The theoretical analysis in reference [12] reveals trade-offs 
between size, bandwidth, and insertion loss that many 
existing designs fail to navigate effectively. In [13], there are 
some harmonics inside the passbands that destroy the quality 
of them. Also, the proposed diplexer in reference [14] was 
not manufactured. Despite the claim [15] about the small 
size, the overall size in terms of guided wavelength is not 
given. Meanwhile, the insertion losses in reference [16] are 
high. Reference [17] presents a comparative study that 
highlights the need for improved performance metrics; 
however, many designs still fall short in key areas, such as 
insertion loss and isolation. Finally, the case study in 
reference [18] presents the problems of low selectivity, large 
size, and undesired harmonics. The Internet of Things (IoT) 
is revolutionizing how devices communicate, necessitating 
advanced RF components that can operate efficiently across 
diverse frequency bands [17, 18]. According to some types 
of microstrip filtering devices can be used for IoT 
applications [19-23]. In this context, the presented microstrip 
4-channel diplexer is designed to meet the growing demands 
of IoT applications. Fig. 1 depicts the proposed quad-band 
microstrip diplexer integrated with IoT Applications. 

 

 
 
FIGURE 1. A block diagram of a quad-band microstrip diplexer 

integrated with IoT Applications. 
 

In light of the other significant limitations, this paper 
introduces a newly designed quad-band microstrip diplexer 
that effectively addresses the shortcomings found in earlier 
works. The proposed diplexer operates across multiple 
resonance frequencies while showcasing significantly lower 
insertion losses compared to existing designs. Additionally, 
it achieves a broad fractional bandwidth at the first channel, 
enhancing its applicability in diverse communication 
environments. The harmonic suppression of this diplexer is 
notably improved, ensuring enhanced signal integrity and 
reducing the potential for interference. Moreover, the 
compact size of the proposed diplexer facilitates its 
integration into contemporary communication systems, 
where space is often a constraint. By overcoming the 
challenges posed by earlier designs, this diplexer represents 
a significant advancement in the field of multi-channel 
microstrip devices, paving the way for more efficient and 
reliable communication systems. 
          
  
II. DESIGN STEPS OF THE QUAD-CHANNEL DIPLEXER 

A novel basic resonator consisting of two pairs of 
coupled lines is exhibited in Fig. 2. Two cells are loaded on 
one side of one of the coupled lines. The impedance of each 
port (P1 and P2) will be 50Ω. The physical lengths of this 
basic structure are expressed by 2l1, 2l2, l3 and l4. In order to 
show how this structure can work, an approximated LC 
equivalent circuit of it is introduced in Fig. 2 (a).  

 
FIGURE 2. Novel proposed basic structure. 

 
The capacitors CA, CB, and Co in the equivalent LC circuit 

are related to the Cell A, Cell B, and open end, respectively. 
Each pair of coupled lines is modeled by 4 inductors and a 
coupling capacitor, which are highlighted in Fig. 3(a). For 
obtaining a more exact equivalent of coupled lines, the 
number of capacitors and inductors will be increased. 
Moreover, in this approximate circuit, we remove the effects 
of bends. Because the equivalents of bends and steps in 
widths are not effective at frequencies lower than 10GHz. 
The inductors L3 and L4 are the equivalents of thin lines with 
physical lengths l3 and l4, respectively. The open-end 
capacitor is very small. Consequently, we can open it. By 
default, the capacitors CA and CB are the equivalents of 
large solid microstrip cells, so that we can assume that they 
are short-circuited.  Based on these assumptions, the LC 
circuit is simplified as indicated in Fig. 3(b). As highlighted 
in this Figure, there is a ∆ connection. To simplify 
mathematical calculations, we used ∆ to Y transformation, 
and the result is shown in Fig. 3 (d). 
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(a) 

 
(b) 

 
(c)  

FIGURE 3. (a) Approximated equivalent circuit of the proposed novel 
basic structure, (b) simplified LC circuit extracted from the approximated 
equivalent circuit of the proposed novel basic structure, (c) ∆-Y transfer. 

Analyzing the equivalent LC circuit using Fig. 3(c) is easier. 
Three impedances in Fig. 3(c) are calculated as follows: 

𝑍𝑍1 = 𝑗𝑗𝑗𝑗𝑗𝑗1 +
1

𝑗𝑗𝑗𝑗𝑗𝑗1
=

1 − 𝜔𝜔2𝐶𝐶1𝐿𝐿1
𝑗𝑗𝑗𝑗𝑗𝑗1

                                                               (1) 

𝑍𝑍2 =
𝑗𝑗𝑗𝑗𝑗𝑗2

1 − 2𝜔𝜔2𝐶𝐶2𝐿𝐿2
                                                                                                    (2) 

𝑍𝑍3 =
𝑗𝑗𝑗𝑗𝑗𝑗2 × 𝑗𝑗𝑗𝑗𝑗𝑗2

2𝑗𝑗𝑗𝑗𝑗𝑗2 + 1
𝑗𝑗𝑗𝑗𝑗𝑗2

= −𝑗𝑗
𝜔𝜔3𝐿𝐿2

2𝐶𝐶2
1 − 2𝜔𝜔2𝐿𝐿2𝐶𝐶2

                                                  (3) 

 
In equations (1)-(3), ω is an angular frequency. Simulation 
results show that C1 and C2 (coupling capacitors) are small 
capacitors, usually in pF or fF. The target angular frequency 
ω should be in GHz, and the inductor L2 is in nH. Hence, the 
impedance Z3 is very high, so we cannot open it. 
Consequently, the equivalent impedance between P1 and P2 
will be obtained as follows: 

𝑍𝑍𝑍𝑍𝑍𝑍 = 𝑗𝑗𝑗𝑗(𝐿𝐿1 + 𝐿𝐿3 + 𝐿𝐿4) + 𝑍𝑍4                                                                        
(4)               

 

Where: 

𝑍𝑍4 =
�2𝑍𝑍2 + 𝑗𝑗𝑗𝑗(2𝐿𝐿2 + 𝐿𝐿1)� × 𝑍𝑍1
2𝑍𝑍2 + 𝑗𝑗𝑗𝑗(2𝐿𝐿2 + 𝐿𝐿1) + 𝑍𝑍1

                                               (5) 

 
If we set the impedances of ports equal to 50Ω, the transfer 
function of the basic structure will be calculated as follows: 
 

𝐻𝐻(𝑗𝑗𝑗𝑗) = (50 + 𝑍𝑍𝑍𝑍𝑍𝑍)/50                                                                   (6) 

For Zeq(ωr) =0, all signals can pass through the ports P1 and 
P2, where ωr is an angular resonance frequency. This 
frequency will be obtained as follows: 

𝑍𝑍𝑍𝑍𝑍𝑍(𝜔𝜔𝑟𝑟) = 0 → 𝑗𝑗𝑗𝑗𝑟𝑟(𝐿𝐿1 + 𝐿𝐿3 + 𝐿𝐿4) + 𝑍𝑍4 = 0
 
→ 

(𝑗𝑗𝑗𝑗𝑟𝑟(𝐿𝐿1 + 𝐿𝐿3 + 𝐿𝐿4)(2𝑍𝑍2 + 𝑗𝑗𝑗𝑗𝑟𝑟(2𝐿𝐿2 + 𝐿𝐿1) + 𝑍𝑍1) + (2𝑍𝑍2

+ 𝑗𝑗𝑗𝑗𝑟𝑟(2𝐿𝐿2 + 𝐿𝐿1)) × 𝑍𝑍1)/(2𝑍𝑍2 + 𝑗𝑗𝑗𝑗𝑟𝑟(2𝐿𝐿2 + 𝐿𝐿1) + 𝑍𝑍1)

= 0                                                                                                           (7)  

After calculating, equation (7) will be changed as follows: 

𝑗𝑗𝑗𝑗𝑟𝑟(2𝑍𝑍2𝐿𝐿1 + 2𝑍𝑍2𝐿𝐿3 + 2𝑍𝑍2𝐿𝐿4 + 2𝑍𝑍1𝐿𝐿2 + 2𝑍𝑍1𝐿𝐿1 + 𝑍𝑍1𝐿𝐿3 +

𝑍𝑍1𝐿𝐿4) + 2𝑍𝑍1𝑍𝑍2 =  𝜔𝜔𝑟𝑟2(𝐿𝐿1 + 𝐿𝐿3 + 𝐿𝐿4)(2𝐿𝐿2 + 𝐿𝐿1)                   (8)  

 
Substituting equations (1) and (2) in (8) results: 
 
2𝐿𝐿1 + 2𝐿𝐿2 + 𝐿𝐿3 + 𝐿𝐿4

𝐶𝐶1
= 

2𝜔𝜔𝑟𝑟2 𝐿𝐿1𝐿𝐿2 + 𝐿𝐿3𝐿𝐿2 + 𝐿𝐿4𝐿𝐿2
1 − 2𝜔𝜔𝑟𝑟2𝐶𝐶2𝐿𝐿2

− 2
1 −𝜔𝜔𝜔𝜔2𝐶𝐶1𝐿𝐿1
1 − 2𝜔𝜔𝜔𝜔2𝐶𝐶2𝐿𝐿2

𝐿𝐿2
𝐶𝐶1 

+𝜔𝜔𝑟𝑟2(4𝐿𝐿1𝐿𝐿2 + 3𝐿𝐿1𝐿𝐿2 + 2𝐿𝐿3𝐿𝐿2 + 2𝐿𝐿3𝐿𝐿1 + 2𝐿𝐿2𝐿𝐿4 + 2𝐿𝐿4𝐿𝐿1)  (9) 

 
If the thickness of lines, and also the space of coupled lines, 
are equal, with a good approximation, coupling capacitors 
are close to each other (C=C1≈C2). Therefore: 
 

(1 −𝜔𝜔𝑟𝑟2𝐶𝐶1𝐿𝐿1)/(1 − 2𝜔𝜔𝑟𝑟2𝐶𝐶2𝐿𝐿2) ≈ 1                                        (10) 

 
Moreover, because of having small coupling capacitors, it 
can be approximated that: 
 
𝐿𝐿1𝐿𝐿2 + 𝐿𝐿3𝐿𝐿2 + 𝐿𝐿4𝐿𝐿2

1 − 2𝜔𝜔𝜔𝜔2𝐶𝐶2𝐿𝐿2
≈ 0                                                                (11) 

 
Now equation (9) is reduced as follows: 
 

This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2025.3627485

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



 

   VOLUME XX, 2017                                                                                                                                                                                                                                                                       4 
 

𝜔𝜔𝑟𝑟 ≈ 

�
2𝐿𝐿1 + 4𝐿𝐿2 + 𝐿𝐿3 + 𝐿𝐿4

(4𝐿𝐿1𝐿𝐿2 + 3𝐿𝐿12 + 2𝐿𝐿3𝐿𝐿2 + 2𝐿𝐿3𝐿𝐿1 + 2𝐿𝐿2𝐿𝐿4 + 2𝐿𝐿4𝐿𝐿1)𝐶𝐶   (12) 

 
According to the last equation, by setting C and the inductors 
in fF and nH, we will reach the target range of resonance 
frequency. For a predetermined target resonance frequency, 
the values of inductors and coupling capacitors will be tuned. 
Only Cells A and B should be large enough. Using the 
proposed basic structure, a novel resonator is proposed and 
depicted in Fig. 4(a). This resonator does not consist of cells 
A and B (shown in Fig. 2). Therefore, its frequency response 
will not be perfect. Fig. 4(b) illustrates the frequency 
response of the proposed resonator. The dimensions of P1 
and P2 terminals are tuned for connecting to 50 Ω 
connectors. These dimensions are obtained based on using a 
substrate of Rogers_RT_Duroid5880 (εr=2.2, h=0.7874mm, 
and tan(δ)=0.0009). This substrate is used for simulating all 
layouts in this work. The simulation results are extracted by 
ADS software (EM simulator with small linear steps). This 
resonator should be upgraded to improve the frequency 
response.  

 
(a) 

 
(b) 

FIGURE 4. Proposed resonator: (a) layout (dimensions are in mm and 
the widths of all thinnest lines are 0.1mm), (b) frequency response. 

 
A compact meandrous cell is added to the proposed 

resonator as shown in Fig. 5(a). The other dimensions are 
exactly equal to the proposed resonator in Fig.4(a). Since we 
need a dual-band bandpass filter, we have to create another 
passband. This additional cell helps to create the second 
channel. The frequency response of this resonator is 
presented in Fig. 5(b).  It can be seen that the meandrous cell 
can help to create the 2nd channel, but it’s not enough.  
 

 
(a) 

 
(b) 

 
FIGURE 5. Adding a meandrous cell to the proposed resonator: (a) 
layout (dimensions are in mm and the widths of all thinnest lines are 
0.1mm), (b) frequency response. 

 
Accordingly, a solid large cell is added to the proposed 

resonator (as shown in Fig. 5(a)) and is depicted in Fig. 6(a). 
The frequency response of the proposed layout configuration 
in Fig. 6(a) is exhibited in Fig. 6(b). 
 

   
(a) 

 
(b) 

 
FIGURE 6. Adding a solid large cell to the proposed resonator: (a) 
layout (dimensions are in mm), (b) frequency response. 
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It can be seen in Fig. 6(b) that the second channel can be 
obtained at this level. But the quality of this channel is weak 
yet. Also, the selectivity of the 1st channel is poor. To 
increase the selectivity of the lower channel, we increased 
the length of coupled lines by adding a pair of spiral coupled 
lines. Under this condition, the proposed layout is changed 
as indicated in Fig. 7(a). In this case the frequency response 
is revealed in Fig. 7(b). adding these spiral coupled lines 
could improve the frequency selectivity of the first passband. 
However, to improve both channels we have to add two large 
solid cells (as mentioned in the mathematical analyze).  

 

 
(a) 

 
(b) 

 
FIGURE 7. Adding a pair of spiral coupled lines to the proposed 
resonator: (a) layout (dimensions are in mm and the widths of all 
thinnest lines are 0.1mm), (b) frequency response. 

 
The proposed novel dual-band bandpass filter is obtained 

as its layout and frequency response are clarified in Figs. 8(a) 
and 8(b) respectively. The layout configuration of the dual-
band filter is very compact. All cells are embedded inside the 
main body of the proposed resonator to save the size. As 
displayed in Fig. 8(b), the proposed filter can suppress the 
harmonics to 4GHz. The frequency selectivity is improved 
for both channels and the losses are acceptable. In this step 
we can add the third port named as P3. 

 
(a) 

 
(b) 

 
FIGURE 8. Dual-band bandpass filter: (a) layout (dimensions are in mm 
and the widths of all thinnest lines are 0.1mm), (b) frequency response. 
 

Fig. 9(a) demonstrates a geometrical structure which is 
obtained by adding a pair of coupled lines and P3 to the 
designed dual-band bandpass filter. In this structure, enough 
space for adding other cells is predicted. Also, the coupled 
lines are well structured for saving the overall size. Fig. 9(b) 
depicts the frequency response of the primary 3-port 
network. As shown 3 channels are appeared a channel is 
suppressed due to its location. This channel is stuck between 
channels 2nd and 4th. Also, the quality of two new channels is 
not well. 

   

 
(a) 
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(b) 

 
FIGURE 9. (a) Layout of the primary 3-port microstrip structure 
(dimensions are in mm), (b) the frequency response of primary 3-port 
microstrip structure. 
 

To increase the quality of two new channels two cells are 
added as presented in Fig. 10 (a). These cells have 
capacitance feature as expected from analyzing the basic 
structure. The scattering parameters of this structure are 
shown in Fig. 10 (b). As demonstrated, the bandwidths of 
two new channels are better than previous state. But the third 
channel has not yet appeared. To solve this problem a long 
thin meandrous cell is added to achieve the final quad-band 
diplexer. The final geometrical structure of the proposed 
quad-band diplexer is manifested in Fig. 11, where all 
dimensions are in mm. The not shown sizes are the same as 
previous images and have not changed.  
 

 
(a) 

   
(b) 

 
FIGURE 10. (a) Adding two cells in the layout of the 3-port microstrip 
structure (dimensions are in mm), (b) the frequency response of Fig. 
9(a). 

 

 
 

FIGURE 11. Geometrical layout of the designed quad-band diplexer (all 
dimensions are in mm). 

III. RESULTS AND DISCUSSION 

The scattering parameters, both simulated and measured, 
for the designed quad-band diplexer are illustrated in Figs. 
12 (a), (b) and (c). As shown in Fig. 12 (a) and (b), the 
diplexer exhibits four distinct passbands corresponding to 
resonance frequencies of 700 MHz (from 548 to 873 MHz), 
1.397 GHz (from 1.365 to 1.441 GHz), 2.366 GHz (from 2.3 
to 2.388 GHz), and 2.902 GHz (from 2.789 to 3.014 GHz). 
The simulated insertion losses at these resonance frequencies 
are recorded as 0.52 dB for the first band, 0.14 dB for the 
second, 0.33 dB for the third, and 0.15 dB for the fourth. 
These values indicate efficient signal transmission across the 
specified frequency ranges. In addition, Fig. 12 (c) presents 
a close-up view of the return loss at the common port for the 
first through fourth channels, which measures 10.2 dB, 25.6 
dB, 21.8 dB, and 21.3 dB, respectively. These return loss 
values signify good impedance matching and reflectivity, 
essential for optimal performance in communication 
systems. The isolation between channels is notably greater 
than -19.19 dB, which is advantageous for minimizing 
interference between the channels and ensuring signal 
integrity. Moreover, the harmonics are suppressed up to 5 
GHz which verify that from 1st to 6th harmonics are 
attenuated. It is important to note that the simulated losses 
are slightly more favorable than the measured results due to 
inherent connector and copper losses. The measurements 
were conducted using a ZNB40 vector network analyzer, 
ensuring accuracy in the assessment of the diplexer's 
performance. The overall dimensions of the proposed 
diplexer are 16.3 mm × 17.7 mm, which corresponds to 
0.051λg × 0.055λg, where λg is calculated at the first 
resonance frequency of the diplexer. The design of this quad-
band diplexer not only demonstrates effective frequency 
separation but also highlights its potential applications in 
modern communication systems, particularly in scenarios 
requiring multi-band operation. The performance metrics 
achieved indicate that this diplexer can be a valuable 
component in enhancing the efficiency and reliability of 
wireless communication networks. For verifying the 
advantages of this multi-channel diplexer, we compared it 
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with the other microstrip diplexers. The comparison results 
are expressed in Table1, where the parameters F, IL, and HS 
are the resonance frequency, insertion loss and harmonic 
suppression respectively. Also, the indexes 1, 2, 3 and 4 are 
related to the 1st, 2nd, 3rd and 4th channel respectively.  

 
(a) 

 
(b) 

 
(c) 

 
FIGURE 12. Simulated and measured: (a) wide-band view S11, S21, S31, 
S23, (b) close up view of S21 and S31, (b) close up view of S11 and S23 
(Dotted: Measurements & Solid: Simulations). 

 
 
 
 
 

TABLE I. COMPARISON OF THIS DIPLEXER WITH THE OTHER 
QUAD-CHANNEL DIPLEXERS. 

Refs. F1, F2, F3, F4 (GHz) Fractional Bandwidths Size 
(λg2) IL1, IL2, IL3, IL4 (dB) HS 

This  0.7, 1.39, 2.36, 2.9 47%, 5.4%, 3.7%, 7.7% 0.0028 
0.52, 0.14, 0.33, 0.15 7.14 F1 

[5] 2.14, 2.4, 3.8, 4.5 6.5%, 6%, 4%, 4.3%, --- 
2.10, 2.82, 1.95, 2.6 2.5 F1 

[6] 1.68, 1.9, 3.9, 4.43 Very Narrow 0.051 
0.68, 0.57, 0.71, 0.5 3.7 F1 

[7] 1.7, 1.9, 3.3, 3.6 Very Narrow 0.0233 
0.53, 0.55, 0.78, 0.87 3.5 F1 

[8] 1.85, 2.45, 2.1, 3.5 5.4%, 4%, 4.6%, 5.7% 0.07 
1.7, 1.2, 2.3, 0.65 2.7 F1 

[9] 1.67, 2.5, 3.4, 4.5 Very Narrow 0.029 
0.5, 0.38, 0.53, 0.58 4.8 F1 

[10] 0.9, 1.2, 1.5, 1.8 7.2%, 5%, 7.3%, 4.1% 0.049 
1.36,1.5, 1.3, 1.6 3.05 F1 

[11] 2.45, 3.5, 4.2, 5.2 12.5%, 7.2%, 6.4%, 5% 0.897 
0.22, 0.3, 1.3, 2.12 2.45 F1 

 [12] 2.07,2.3, 3.9, 4.49 Very Narrow 0.025 
0.59, 0.41,0.45, 0.73 3.6 F1 

[13] 1.65, 2.5, 4.65, 6.9 Undesired channels --- 
--- 4.2 F1 

[14] 1.08, 1.17, 2, 2.18 13.8%, 15.2%, 9%, 6.1% --- 
1.18, 1.24, 1.24, 1.37 4.6 F1 

[15] 2.15, 2.7, 3.6, 5.05 8.1%, 5.8%, 3.06%, 4.3% 0.0926 
0.81, 1.43, 1.32, 0.9 2.5 F1 

[16] 3.5, 4, 5.7, 6.3 5.2%, 5%, 6.2%, 5.3% 0.01 
0.8, 0.8, 0.5, 0.9 2F1 

 
 
The proposed diplexer stands out with resonance 

frequencies of 0.7 GHz, 1.39 GHz, 2.36 GHz, and 2.9 GHz, 
which are strategically positioned to cater to a wide range of 
communication applications. The insertion losses at these 
frequencies are remarkably low. These values indicate 
efficient signal transmission, particularly when compared to 
other diplexers in the table, which generally exhibit higher 
insertion losses. For instance, the diplexer referenced in [5] 
has insertion losses ranging up to 2.82 dB, significantly 
higher than those of the proposed design. Moreover, the 
fractional bandwidths of the proposed diplexer are 
noteworthy. It achieves a fractional bandwidth of 47% at the 
first channel, which is substantially higher than many of the 
alternatives listed, such as those from references [6] and [7], 
where the bandwidths are categorized as "Very Narrow." 
This broad bandwidth allows for more flexible and efficient 
channel utilization, making the diplexer suitable for 
applications requiring robust performance across varying 
bandwidths. In terms of harmonic suppression, the diplexer 
demonstrates a harmonic suppression level of 7.14 at the first 
resonance frequency (F1), which is competitive when 
compared to other designs. For example, the diplexer from 
reference [6] achieves a harmonic suppression of 3.7 at F1, 
indicating that the proposed diplexer may provide better 
performance in minimizing unwanted harmonic signals, thus 
enhancing overall signal integrity. Finally, the compact size 
of the proposed diplexer, measuring only 0.0028 λg², further 
emphasizes its advantages. This small footprint is 
advantageous for integration into modern communication 
systems where space is at a premium. In contrast, several 
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other diplexers in the table have larger sizes, which could be 
limiting in certain applications. Finally, two photographs of 
the manufactured quad-channel diplexer are depicted in Fig. 
13. 

 

 
 

 
 

FIGURE 13. Photos of fabricated diplexer. 

 

IV. APPROPRIATENESS OF THE MICROSTRIP 4-
CHANNEL DIPLEXER FOR IOT APPLICATIONS 

The microstrip 4-channel diplexer designed with 
resonance frequencies of 700 MHz, 1.39 GHz, 2.36 GHz, 
and 2.9 GHz, along with fractional bandwidths (FBWs) of 
47%, 5.4%, 3.7%, and 7.7%, respectively, presents a 
compelling case for its application in the Internet of Things 
(IoT) landscape. The following discussion outlines the 

reasons this diplexer can be deemed appropriate for IoT 
applications. 
 
Justification for IoT Suitability: 

1-Diverse Frequency Spectrum: 
700 MHz Band: This frequency is particularly valuable for 
low-power wide-area networks (LPWAN), which are 
essential for long-range communication in IoT applications. 
It supports devices that require minimal power consumption 
while maintaining reliable connectivity over large distances. 
Use cases include smart agriculture, remote environmental 
monitoring, and utility metering. 
1.39 GHz Band: This frequency is commonly associated 
with various wireless communication standards.  
2.36 GHz Band: With an FBW of 3.7%, this frequency 
supports emerging technologies, including aspects of 5G, 
allowing for high-speed data transfer and enhanced 
connectivity for smart devices and applications. 
2.9 GHz Band: This frequency, with an FBW of 7.7%, is 
well-suited for high-speed data transfer and short-range 
applications. It is ideal for scenarios such as video streaming, 
augmented reality, and connected home devices, where high 
data rates are essential for functionality.  
 
2-Fractional Bandwidths (FBWs): 
700 MHz Band: FBW of 47% is appropriate for LPWAN 
applications. 
1.39 GHz Band: FBW of 5.4% is noted, and this frequency 
is often used for various wireless communication standards, 
though not specifically for 5G. 
2.36 GHz Band: FBW of 3.7% is suitable for supporting 
aspects of 5G technologies. 
2.9 GHz Band: FBW of 7.7% is well-suited for high-speed 
data applications, including video streaming. 
 
3-Diverse Frequency Spectrum:  
The explanation of how each frequency band supports 
different IoT applications aligns with common uses in the 
industry, such as: 
700 MHz for long-range, low-power applications (LPWAN). 
1.39 GHz for general smart device connectivity. 
2.36 GHz for emerging 5G technologies. 
2.9 GHz for high-speed, short-range applications. 
 
4-Multi-Channel Functionality:  
The diplexer's ability to operate across multiple channels 
allows for simultaneous communication, which is vital in 
IoT environments where multiple devices need to transmit 
and receive data concurrently. This feature enhances the 
overall efficiency of the network, reducing latency and 
improving user experience. 
 
5-Energy Efficiency:  
The low insertion losses across the diplexer's frequency 
bands ensure that power consumption is minimized, which is 
crucial for battery-operated IoT devices. This efficiency 
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aligns with the growing demand for sustainable and energy-
conscious technologies in the IoT sector. 
 
6-Compact Design:  
The compact nature of the diplexer makes it suitable for 
integration in space-constrained environments, such as 
wearable devices, smart sensors, and embedded systems. 
This adaptability is crucial as IoT devices continue to shrink 
in size while increasing in functionality. 
 
7-Support for Emerging Technologies:  
The inclusion of bands that align with future wireless 
standards, particularly in the higher frequency ranges, 
positions this diplexer as a forward-looking solution that can 
accommodate the evolving requirements of IoT applications. 
 
   Finally, the microstrip 4-channel diplexer is well-suited for 
IoT applications due to its diverse operating frequencies, 
robust multi-channel capabilities, energy efficiency, and 
compact design. Its ability to support both long-range and 
high-speed communication makes it a versatile component 
in the rapidly expanding IoT ecosystem, enabling 
applications across various sectors such as smart cities, 
healthcare, and industrial automation. This diplexer 
represents a significant advancement in enhancing 
connectivity and performance in modern wireless 
communication systems. 
 

V. CONCLUSION 

The proposed quad-band microstrip diplexer represents a 
substantial advancement in the field of multi-channel 
devices, effectively overcoming the limitations of earlier 
designs. Meanwhile, it is suitable for the Internet of Things.  
By achieving low insertion losses, broad fractional 
bandwidths, and improved harmonic suppression, this 
diplexer enhances signal integrity and minimizes 
interference, making it suitable for a wide range of 
communication applications. This structure is analyzed 
mathematically to find the novel basic structure behavior and 
easy optimization. The innovative design, characterized by 
its compact size, positions it as a valuable component in 
modern communication systems where space and 
performance are critical. The results from simulations and 
measurements confirm the diplexer's exceptional 
performance. Future work will focus on further optimizing 
the design and exploring its applications in emerging 
communication technologies, ensuring that it meets the 
evolving demands of the industry. 
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