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Abstract—This paper presents an efficient theoretical design 
approach of a very compact microstrip diplexer for modern wireless 
communication system applications. The proposed basic resonator 
is made of coupled lines, simple transmission line and a shunt stub. 
The coupled lines and transmission line make a U-shape resonator 
while the shunt stub is loaded inside the U-shape cell to save the size 
significantly, where the overall size of the presented diplexer is only 
0.008 λg2. The configuration of this resonator is analyzed to increase 
intuitive understanding of the structure and easier optimization. 
The first and second resonance frequencies are fo1 = 895 MHz and 
fo2 = 2.2 GHz. Both channels have good properties so that the best 
simulated insertion loss at the first channel (0.075 dB) and the best 
simulated common port return losses at both channels (40.3 dB 
and 31.77 dB) are achieved. The presented diplexer can suppress 
the harmonics acceptably up to 3 GHz (3.3 fo1). Another feature is 
having 31% fractional bandwidth at the first channel.

Index Terms—Compact, Diplexer, Insertion loss, 
Microstrip, Resonator, Return loss.

I. Introduction
Recently, microstrip devices such as diplexers have been 
used widely in modern wireless communication systems. 
Two-channel bandpass-bandpass diplexers can transmit 
signals through two passbands and eliminate undesired 
harmonics. Each channel is used for receiving or sending 
signals from an antenna (Majdi and Mezaal, 2022). 
Several types of microstrip diplexer are introduced in 
(Hussein, Mezaal and Alameri, 2021; Chen, et al., 2021; 
Yahya, Rezaei and Nouri, 2020; Lu, et al., 2020; Su, 
et al., 2020; Tahmasbi, Razaghian and Roshani, 2021; 
Rezaei, et al., 2019; Shirkhar and Roshani, 2021; Zhanga, 

Zhu and Li, 2018; Rezaei, Yahya, Noori and Jamaluddin, 
2019; Dembele, et al., 2019; Yousif and Ezzulddin, 2020; 
Fernandez-Prieto, et al., 2018; Guan, et al., 2019; Guan, et 
al., 2014; Noori and Rezaei, 2017). However, all of them 
occupy large area. Two bandpass filters (BPFs) consisting 
spiral cells and coupled lines are integrated for obtaining 
a microstrip diplexer in (Hussein, Mezaal and Alameri, 
2021). It has some disadvantages such as undesired 
harmonics and high losses at both channels. Three coupled 
lines structures are employed in the layout configuration 
of presented microstrip diplexer in (Chen, et al., 2021). It 
could better suppress harmonics but the problem of high 
losses at both channels is remained. The proposed diplexer 
in (Yahya, Rezaei and Nouri, 2020) could improve the 
simulated insertion losses at both channels while it could 
suppress the harmonics very well. However, it has two 
high common port return losses at both channels. In (Lu, et 
al., 2020), a microstrip diplexer with multiple transmission 
zeroes (TZs) has been designed to operate at 0.755 GHz 
and 1.056 GHz which is suitable for the Global System for 
Mobile Communications (GSM). The introduced diplexer 
in (Su et al., 2020) has large losses at both channels, but 
in (Tahmasbi, Razaghian and Roshani, 2021) the simulated 
insertion losses at both channels are very low. However, the 
proposed structure in (Tahmasbi, Razaghian and Roshani, 
2021) could not obtain low return losses at its upper and 
lower channels. In (Rezaei, et al., 2019), sharpness is 
not good while it could not attenuate the harmonics. In 
(Shirkhar and Roshani, 2021), coupled meandrous structure 
has been employed to improve simulated insertion losses. 
However, it has undesired harmonics. A balanced-to-
balanced microstrip diplexer using a large dual-mode 
resonator with undesired harmonics and high losses has 
been presented in (Zhanga, Zhu and Li, 2018). Two similar 
BPFs with flat channels are integrated in (Dembele, et 
al., 2019) for obtaining a microstrip bandpass-bandpass 
diplexer. In (Yousif and Ezzulddin, 2020), the microstrip 
meandrous closed loops have been utilized to design of a 
diplexer with good measured return losses. The problem of 
high losses has been remained in the presented diplexers in 
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(Fernandez-Prieto, et al., 2018; Guan, et al., 2019; Guan, et 
al., 2014; Noori and Rezaei, 2017).

While efforts are being made to design a compact microstrip 
bandpass-bandpass diplexer with good performance, it is hard 
to compromise the compact size on account of the design 
features, e.g., low losses, higher harmonics suppression and 
higher fractional bandwidth. The approach presented here is 
an efficient one which first, presents and analyzes a resonator. 
Second, this resonator is used to design two BPFs. Third, 
the BPFs are optimized so as to be integrated to achieve 
an efficient diplexer design. Finally, the proposed diplexer 
design is compared with the previous reported designs in 
terms of losses, size and harmonics, to prove the efficiency 
and better performance of the presented compact design. It 
has the best passbands totally.

II. Resonator Structure
Coupled lines are important parts of bandpass resonators. 

Because they create many capacitors between the lines, where 
both lines show inductance features. However, if we use 
only coupled lines, the dimensions will be very large, while 
we will not get a good frequency response. Hence, usually 
a combination of the other resonators is used alongside the 
coupled lines. Accordingly, we propose the general structure 
shown in Fig. 1 to design the BPFs. As depicted in Fig. 1, it 
consists of coupled lines connected to a simple line loaded 
by a shunt internal resonator. To save the size, we placed 
the simple transmission line in such a way that it forms a 
U-shaped structure next to the coupled lines. The stub is 
loaded inside the U-shape structure to save the overall size 
again.

The impedance of the coupled lines and internal shunt stub 
are assumed to be ZC and ZS, respectively. As presented in 
Fig. 1, the transmission line is divided into two parts with the 
impedances Z1 and Z2. The input impedance that displayed 
from the input port is:
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One way to create a resonance is to have ZS = −Z1 

According to the proposed resonator structure, Z1 is an 
impedance of an inductor. Therefore, the shunt stub must 
be capacitive. The fill square or rectangular cells are good 
choices for the internal stub. A larger internal stub shifts the 
resonance frequency to the lower frequencies. Another way 
to get the resonance frequency is:

 Z Z Z Z Z Z ZS C C( ) ( )1 2 1 2 0      (2)
A method to solve Eq. (2) is by setting reasonable custom 

values for some parameters to find the other values easily. To 
calculate Z1, we can use the following equations (Hong and 
Lancaster, 2001):

  Z jZ lC1 1 1 tan( )  (3.a)
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In Eq. (3), ZC1 and β are the characteristic impedance 
and propagation constant. If we assume that the length of 
the transmission line with the impedance Z1 is l1 = 20 mm 
with a width of W = 0.6 mm on a substrate with the effective 
dielectric constant of ɛre = 1.75 (ɛr = 2.22), Zc1 become near 
105.97Ω. On the other hand, at a target operational frequency 
of fo = 2 GHz, β become near 17.63π. Finally, Z1 = 211.94j 
Ω which is the equivalent of a 16.86 nH inductance. If the 
internal shunt stub is a large square fill cell with 10 mm × 
10 mm dimension, the characteristic impedance of internal 
stub will be ZCS = 17.9 Ω while β = 17.63π. In this case, ZS 
must be calculated from:

  Z
Z

jS
CS

tan( . )0 01
 (3.d)

So ZS = −j28.9 Ω, which is equivalent of a capacitor. If 
we increase the size of internal stub to 20 mm × 20 mm, 
then ZS = −14jΩ. Therefore, by increasing the dimension of 
the shunt stub it will be equal to a large capacitor which can 
shift the resonance frequency to the left. We can set Z2 = 0.5 
and Z1 = 105.97jΩ to find the impedance of coupled lines 
easily. This was a method to solve Eq. (2). We can optimize 
the dimensions to obtain more compact size at our desired 
resonance frequency. Using this analyzed resonator, two 
BPFs can be designed as it is explained in the next section.

III. Design of BPFs
Based on the proposed resonator, two BPFs are designed 

for wireless applications. The first filter (BPF1) is shown in 
Fig. 2 which operates at the higher frequency. This filter is 
composed of coupled lines, simple transmission line and an 
internal shut stub.

The basic structure of this filter is the same as the analyzed 
resonator in the previous section. The internal stub is a high 
impedance section while two step-impedance feed structures 
are utilized to decrease the losses. The approximated 

Fig. 1. Proposed resonator consisting of coupled lines connected to a 
simple line loaded by a shunt internal resonator.
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dimensions are obtained according to the method explained 
in the Resonator Structure section. Then, we optimized the 
dimensions to get a better frequency response. Tapped line 
feeds are used to control the insertion loss and return loss, 
where the loss control is much easier to adjust.

It is simulated on a RT/Duroid 5880 substrate with 2.22 
dielectric constant, h = 0.7874 mm and 0.0009 loss tangent. 
It is simulated by ADS software.

The resonance frequency of BPF1 is located at 2.2 GHz, 
with 0.23 dB insertion loss while the return loss is 16.1 dB. 
This filter creates two TZs at 1.56 GHz and 2.65 GHz which 
improve the selectivity. The harmonic level is lower than 
14.6 dB above and after the passband up to 3 GHz. The 
dimensions of BPF1 are optimized as presented in Fig. 3a-f. 
Fig. 3a shows S21 and S11 as a function of the physical length 
la. By increasing this length, the operational frequency shifts 
to the lower frequency. As depicted in Fig. 3a, increasing 
the length la will also lead to improve selectivity. However, 
better return loss will be obtained by decreasing la. Fig. 3b 

Fig. 2. (a) Layout of BPF1 (all dimensions are in mm), (b) Frequency 
response of BPF1.

a

b

Fig. 3. Frequency response as a function of (a) la, (b) lb, (c) lc, (d) ld, (e) le and (f) S.

a b
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illustrates the frequency response of BPF1 as a function of 
length lb. Similar to the effect of la, increasing the size of lb 
shifts the resonant frequency to the left. On the other hand, 
decreasing lb will increase the bandwidth. Therefore, it is wise 
to choose an intermediate value of lb. As shown in Fig. 3c, 
we can decrease the physical length lb to improve the return 
loss. However, if we reduce it too much, the frequency 
response will be broken or at least the resonance frequency 
will shift to the right. As presented in Fig. 3d, to improve 
the sharpness of the frequency response, the length ld can be 
reduced. Decreasing the physical length le will corrupt the 
frequency response. This is presented in Fig. 3e. As shown in 
Fig. 3e, by increasing le the losses are decreased significantly. 
The distance between the coupled lines has a significant 
effect on the return loss. This is shown in Fig. 3f, where by 
reducing S, the return loss will be increased.

From the above optimization method, it can be concluded 
that increasing the dimensions will lead to a resonance 
frequency shifted to the left. However, we must be 
careful not to destroy the other features by increasing the 
dimensions. Using the above method, another BPF named as 
BPF2 is designed to operate at lower frequencies. The layout 
configuration of BPF2 and its corresponding frequency 
response are depicted in Fig. 4a and b. As shown in Fig. 4a, 
the coupled lines and shunt stub are used similar to our 
proposed resonator. Here, the shunt stub is a rectangular cell.

Similar to the proposed resonator, BPF2 is composed of a 
pair of coupled lines and a shunt stub. Another rectangular 
stub is connected to the upper line to control the bandwidth. 
The main shunt stub with physical length li is important to 
form the bandwidth. Similar to the BPF1, tapped line feeds 
are used to control the insertion and return losses easily. 
The approximated dimensions can calculate according to the 
explained method in the resonator design.

To optimize the frequency response, the other stubs are 
added. Fig. 4b depicts that BPF2 operates at 870 MHz which 
is suitable for GSM applications.

The passband is from 790 MHz to 950 MHz with 0.57 dB 
insertion loss. The effect of changing BPFs parameters is 
presented in Fig. 5a-d. Fig. 5a and b show that two factors 
can eliminate passband. One of them is decreasing the 
physical length lf and the other one is decreasing the length 
lg. As depicted in Fig. 5a, choosing a neither low nor high 
value of lf is suitable. The length lg has a similar effect so that 
we must choose a middle value of it. Increasing the physical 
lengths lh and li can improve the frequency selectivity. The 
effect of these lengths on the frequency response is presented 
in Fig. 5c and d. Moreover, decreasing these lengths increases 
the losses. Therefore, we can enlarge lh and li insofar as the 
overall size remains compact. By connecting both BPF1 and 
BPF2, a microstrip diplexer is designed, as shown in the next 
section.

IV. Diplexer Structure and Its Simulation Results
A microstrip diplexer usually is composed of two BPFs. 

In some cases, a matching network is used to obtain a good 
performance. However, we connected our both filters without 
any extra matching network that leads to save the size. Our 
proposed diplexer is presented in Fig. 6.

This diplexer is made by direct connection of BPF1 
and BPF2. As shown in Fig. 6, the BPF1 and BPF2 are 
connected to Port3 and Port2, respectively. According 

Fig. 4. (a) Layout configuration of BPF2 where all dimensions are in mm, 
(b) frequency response of BPF2.

a

b

Fig. 5. Frequency response of BPF2 as functions of (a) lf, (b) lg, (c) lh,  
(d) li.

a b

dc
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to the optimization method in the previous section, the 
dimensions are selected so that we have the best frequency 
response. The high impedance part is repeated in both 
filters. However, it is seen once in the proposed diplexer 
structure which leads to save size significantly. The 
overall size of our designed diplexer is 22.9 mm × 25 mm 
(0.09λg × 0.098λg) which is very compact, where λg is the 
guided wavelength on the substrate calculated at the lower 
resonance frequency. The overall size according to the 
second resonance frequency is 0. 22λg-s × 0.24 λg-s, where 
λg-s is the guided wavelength on the substrate calculated at 
the upper resonance frequency.

The frequency response of the proposed diplexer is 
depicted in Fig. 7a and b. Both filters and the proposed 
diplexer are simulated on a RT/Duroid 5880 substrate with 
ɛr = 2.22, h = 0.7874 mm and 0.0009 loss tangent.

The simulation results are extracted by Agilent Advanced 
Design System (ADS) software using the EM simulator. As 
illustrated in Fig. 7a, the first passband is from 735 MHz to 
1005 MHz. The fractional bandwidth (FBW) at this channel is 
31%. Therefore, this channel is wide which is an advantage. 
The resonance frequency of this channel is fo1 = 895 MHz, 

which is suitable for GSM applications. The losses in this 
channel are very low. The simulated insertion and return 
losses are 0.075 dB and 40.3 dB respectively. Fig. 7a shows 
that there is an 80.2 dB TZ at 1.494 GHz which improves the 
sharpness of the first channel. Similar to the lower channel, 
our upper channel has low losses with 0.14 dB insertion loss 
and 31.7 dB return loss. The upper operational frequency is 
fo1 = 2.2 GHz. This passband is from 2.14 GHz to 2.26 GHz 
with 5.45% FBW. S31 has two TZs of 60.6 dB and 55.954 dB 
at 1.564 GHz and 2.683 GHz respectively. As shown in 
Fig. 7, the harmonics are suppressed up to 3 GHz where it 
has the maximum harmonic level 14.6 dB. Fig. 7b depicts 
the isolation between channels which is better than 20.71 dB 
from DC to 3 GHz.

V. Comparison and Discussion
To show the advantages of this work, we compared it with 

the previous diplexers. The comparison results are listed in 
Table I, where IL1, IL2, RL1, and RL2 are insertion loss at 
the first channel, insertion loss at the second channel, return 
loss at the first channel and return loss at the second channel, 
respectively. As shown in Table I, the lowest insertion loss 
at the first channel and the lowest common port return loss 
at both channels are the achievements of this work. Another 
significant advantage of our diplexer is to have the most 
compact size in comparison with the previous diplexers. As 
illustrated in Table I, we could get an acceptable harmonic 
attenuation. Only the introduced diplexer in (Yahya, Rezaei 
and Nouri, 2020) could attenuate better than us. However, it 
has a very large size of 0.037 λg2 with high common port 
return loss at its both channels.

In the comparison table, the data of these works: (Hussein, 
Mezaal and Alameri, 2021), (Yahya, Rezaei and Nouri, 
2020), (Tahmasbi, Razaghian and Roshani, 2021), (Rezaei, 
et al., 2019), (Shirkhar and Roshani, 2021), (Rezaei, 
et al., 2019), (Fernandez-Prieto, et al., 2018), and (Noori 
and Rezaei, 2017) are based on simulation results and the 
others are based on the measured results. As shown in Table 
I, our diplexer has low loss, compact size, good harmonic 
attenuation, and reasonable isolation.Fig. 6. Layout of the proposed diplexer where all dimensions are in mm.

Fig. 7. Frequency response of the proposed diplexer (a) transfer parameters and common port return loss, (b) isolation between channels.

a b
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VI. Conclusion
A microstrip diplexer, composed of two BPFs, is introduced in 
this work. The resonance frequency of the filters and diplexer 
make them suitable for modern wireless communication 
networks. First, a resonator, and then, two BPFs were proposed 
and optimized. Finally, by connecting the BPFs without 
any extra matching circuit a high performance diplexer was 
introduced. Both passbands presented good features. The 
comparison results of the proposed new design approach 
with the previously reported designs showed that the lowest 
insertion loss at the lower channel and the lowest return losses 
at both channels are obtained while our diplexer has the most 
compact size. Meanwhile, the other parameters such as FBW 
at the first channel (31%) and harmonic attenuation were good. 
The isolation and FBW at the upper band were acceptable.
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Table I
Comparison between this Work and the Previously Reported Diplexers

References Common port insertion 
losses: IL1, IL2 (dB)

Common port return 
losses: RL1, RL2 (dB)

fo1, fo2 (GHz) Size (λg2) Last suppressed 
harmonic

Isolation (dB)

Our Diplexer 0.075, 0.14 40.3, 31.77 0.895, 2.2 0.008 3.3 fo1 20.7
(Hussein, Mezaal and Alameri, 2021) 4.2, 3.3 32, 31 1.85, 2.5 0.096 1.6 fo1 31
(Chen et al., 2021) 4.4, 4.6 Better than 15 1.41, 2.02 0.098 3 fo1 29
(Yahya, Rezaei and Nouri, 2020) 0.12, 0.18 21, 17 3.5, 5 0.037 12 fo1 20
(Lu, et al., 2020) 0.8, 1.1 --- 0.755, 1.056 0.040 2.1 fo1 24
(Su, et al., 2020) 2.62, 2.34 --- 9.55, 10.61 3.56 2.1 fo1 45
(Tahmasbi, Razaghian and Roshani, 2021) 0.05, 0.08 26.9, 23.5 1.5, 2.1 0.030 3.3 fo1 19
(Rezaei, et al., 2019) 0.36, 0.44 23.7, 23.7 2.88, 3.29 0.028 1.2 fo1 23
(Shirkhar and Roshani, 2021) Better than 0.5 20, 25 1.7, 2.1 0.061 1.4 fo1 40
(Zhanga, Zhu and Li, 2018) 1.06, 1.09 Better than 17 2.2, 2.63 0.207 1.8 fo1 38
(Rezaei, et al., 2019) 0.10, 0.16 33, 22 1.6, 2.1 0.054 2.1 fo1 22
(Dembele, et al., 2019) 1.8, 1.9 10, 10 8.3, 10 0.071 2.4 fo1 26.6
(Yousif and Ezzulddin, 2020) 0.5, 2 16, 25 2.6, 6 0.22* 3 fo1 23
(Fernandez-Prieto, et al., 2018) 1.15, 1.54 Near 30 2.49, 2.97 0.218 4 fo1 30
(Guan, et al., 2019) 1.15, 1.5 Better than 17.7 0.99, 1.46 0.097 2.5 fo1 40
(Guan, et al., 2014) 1.2, 1.5 Near 20 1.95, 2.14 0.136 1.2 fo1 35
(Noori and Rezaei, 2017) 0.2, 0.4 15, 11 2.36, 4 0.089 3.3 fo1 19.8
*Approximate


