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Introduction
In recent years, the digital world has seen the advent of new 

mobile applications with bandwidth- intensive activities. In fact, 
this phenomenal evolution of systems and applications dedicated to 
wireless communication has been a direct consequence of scientific 
and technical advances in this field. In this perspective, improving 
the use of these applications requires a great need for bandwidth. 
In order to optimize the use of bandwidth, multiservice and multi-
standards wireless communication systems represent an attractive 
solution. In fact, realizing a multiservice system requires the use 
of the duplexing function, which allows a transceiver to carry out 
a bidirectional communication. For this purpose, two duplexing 
procedures are commonly used: TDD (Time-Division Duplexing) 
and FDD (frequency-Division Duplexing). Transceivers that use 
FDD duplexing require simultaneous operation of the transmitter and 
receiver that share the same antenna. For that, two separate bandwidths 
are used for transmission and reception. Therefore, it is necessary to 
use a diplexer consisting of two very selective filters one centered on 
the transmission band and the other on the receive band to separate 
the transmission and reception signals. Due to the finite isolation of 
the diplexer, strong leakage of the transmission signal desensitizes the 
receiving path. Thus, the design of this type of circuit is not simple 
and it is necessary to achieve a diplexer with high isolation and low 
insertion loss to ensure proper functioning of the entire system.

Unlike frequency duplexing, time duplexing allows multiple 
signals to be transmitted over a single channel. The transmitter and 
receiver operate almost simultaneously at different points in time. 
Considering all the design constraints already mentioned, several 
efforts have been made by researchers and designers to develop new 
solutions for the design of diplexers with better performances in terms 
of selectivity, loss, size and cost. 

Diplexer Circuits and their Applications
Diplexers are key components in several communication 

systems, including radio transmission, mobile telephony, satellite 
communication systems and broadband wireless communications. 
Diplexers were widely studied in the 1960s by Matthaei et al.1 & 
Wenzel.2 They are very selective components used to combine or 
separate signals with different center frequencies. Generally, the 
diplexers consists of two filters, known as channel filters, and a 
common junction used to combine the two filters in order to form 
the multiport network. These diplexers allow to an antenna to be 
shared simultaneously by a transmitter and a receiver, which operate 

at separate frequency bands with a minimum interaction between the 
transmitted and received signals. As a result, a reduction in terms of 
size and weight is possible thanks to the use of a single antenna.3 The 
diplexer ports are the transmit port the receive port and the antenna 
port. Each diplexer is a combination of two filters. One connected 
to the transmitter, the other connected to the receiver and the third 
port represents the point of connection between the two filters and the 
antenna. The basic principle of a diplexer is to route the signal from 
the antenna to the receive channel and to transmit the signal from 
the transmission channel to the antenna with an isolation between 
the transmission and the reception channels as shown in the Figure 
1. Several approaches are possible to design RF diplexers, however 
three of them are frequently used:4

i. The use of two band-pass filters with different center 
frequencies.

ii. The use of a band-pass filter for one channel and a band-stop 
filter rejecting the same frequency band for the other channel.

iii. The use of two band-stop filters with different center 
frequencies. 

Figure 1 Block diagram of a diplexer.

Comparison between the different 
technologies used to design RF diplexers

The designs of an RF filter or a diplexer require the choice of a 
technology. This technological choice depends on several factors 
such as frequency response requirements, circuit complexity, size, 
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Abstract

In this review paper, we present the recent progress in the design of RF diplexers. It 
is known that diplexers play an important role in many modern telecommunication 
systems. In this context, several types of diplexers have been proposed in literature. 
This review is particularly interested in working principle and diplexers role in 
wireless communication systems. It also discusses the main features of a diplexer and 
a general comparison between the various technologies used to design the diplexer 
circuits.
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cost, handling power, insertion losses, and isolation. Table 1 gives 
the main characteristics of the technologies used to design diplexer 
circuits. In fact, there is two main technologies used to fabricate RF 
diplexers: waveguide and planar. Despite its interesting electrical 
characteristics in terms of high quality factors, selectivity, and low 
insertion losses, waveguides diplexers suffer from many problems 
in terms of weight, cost and reproducibility. Planar diplexers are 
much known for their small size, low cost production, they can be 
fully integrated with surrounding electronics circuits and it is easy 

to reproduce them. However, they suffer from low quality factors, 
poor selectivity and significant insertion losses. For that, the current 
trend tends to miniaturize RF filters and diplexers by defining new 
structures and topologies that are more complex. Therefore, the 
main objective of planar technologies is to improve the propagation 
characteristics of these structures while reducing their size. Besides, 
to overcome such problems many technologies have been proposed in 
literature to enhance the electrical performances such as (HTS, SAW/
BAW, SIW…).

Table 1 Comparison between the different technologies used to design RF diplexers.

Waveguides 
diplexers5,6

Dielectric 
resonators 
diplexers7,8

Planar 
diplexers9,10

Quasi-planar 
diplexers11,12

SAW/BAW 
diplexers13,14

SIW 
diplexers15,16 HTS

Frequency (GHz) 5-100GHz 0.5-100GHz 0.5-100GHz 5-100GHz < 10GHz 0.5-100GHz 0.5-100GHz

Quality factor Very High Very High Low High Moderate High Low

Integrability Difficult Difficult Excellent Moderate Moderate Moderate Excellent

Size Large Large Small Large Small Moderate Small

Power Handling High High Low High Moderate Low Low

Fabrication Cost High High Low High Low Moderate Low

EM Simulation
Electromagnetic 
Simulations 3D

Electromagnetic 
Simulations 3D

Models, 
Electromagnetic 
Simulations 2D 
and 3D

Electromagnetic 
Simulations 3D

Electromagnetic+ 
acoustic 
Simulations

Electromagnetic 
Simulations 3D

Models, 
Electromagnetic 
Simulations 2D 
and 3D

Production Time
Important 
(Tuning)

Important 
(Tuning) Medium

Important 
(Tuning) Low

Important 
(Tuning) Low

Reproducibility
Difficult 
(Manual Tuning)

Difficult 
(Manual Tuning) Excellent

Difficult 
(Tuning) Excellent

Difficult 
(Tuning) Excellent

Conclusion
The realization of a telecommunications system with good 

electrical performance, compact size and low cost is still a challenge 
for designers and researchers.17 In this context, we have shown 
in this review that the use of diplexers in wireless communication 
systems represents an attractive solution for reducing the systems 
size, consumption and manufacturing cost. Therefore, it is necessary 
to provide new solutions to design diplexers in order to satisfy all the 
constraints imposed by the clients. All these criteria can be achieved 
by taking advantage of the possibilities offered by the advances in the 
computer science field and the electromagnetic simulation tools.
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