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Abstract- A sixth order high isolation diplexer with
Chebyshev channel filter characteristics is
presented. The diplexer is proposed for isolating
the transmit (Tx) and the receive (Rx) frequencies
within the front end of a cellular base station. A
novel formulation for achieving the T-junction
used in distributing energy between the Tx and Rx
channels is proposed. The formulation is based on
the electrical length of transmission lines, and the
guided-wavelength of the lines at one giga-Hertz
frequency. The proposed formulation would help
design engineers eliminate the uncertainties
associated with repeated tuning and optimisation
of T-junctions to achieve the desired energy
distribution in diplexer designs. A test diplexer
with Tx and Rx frequencies of 2.6 GHz and 3.0
GHz, respectively, have been designed, simulated,
and presented. The design implementation is based
on Rogers RT/Duroid 6010LM substrate with a
10.7 dielectric constant and 1.27 mm thickness. The
circuit model and microstrip layout results of the
diplexer show good agreement with a high isolation
of better than 50 dB between the Tx and the Rx
channels. The in-band minimum insertion loss is
better than 1.1 dB, with a greater than 20 dB in-
band return loss across both the Tx and the Rx
bands.

Index Terms- diplexer, filter, coupling, resonator,
hairpin, microstrip, T-junction.

I. INTRODUCTION

Modern radio frequency (RF) front end of
cellular base-stations require various components
to ensure adequate functionality as shown in
Fig.1 [1]. The diplexer in Fig.1 is very essential
as it plays an important role in reducing the size,
weight, and even cost of operating a cellular
base-station. This is because a diplexer makes it
possible for the use of a single transmission line

component and a single antenna device to both
transmit and receive signals simultaneously. This
benefit of the diplexer has led to a growing
interest in its design as a way of improving the
performance of modern communication systems.
A very good practical application of diplexers in
satellite communication systems is in space
crafts, where the mass and volume of the space
craft can be considerably reduced as a diplexer is
used to transmit and receive signals through a
single antenna [2].

Diplexers, as the simplest form of multiplexers,
are generally used for either splitting a wide
frequency band into two narrow sub-bands, or for
combining two narrow sub-bands into a single
wide-band frequency [3]. As a frequency
selective device, a diplexer connects two
different networks (e.g. channel filters) with
varied operating frequencies to a single port
device (e.g. antenna port). As shown in Fig.1, the
diplexer is an important component in the entire
communication system. It is composed of two
bandpass (or channel) filters and a power
divider/combiner. The Tx and the Rx filters
respectively allows for the transmission and the
reception of signals through the single antenna.
The Tx filter is designed to have high power
handling capability due to the relatively high-
power signals generated at the transmitter. The
Rx filter, however, is designed to handle very
weak signals from the receiver, hence, no power
handling consideration is needed at the RXx
channel. One characteristic that must be in the
forefront when designing a diplexer is the
isolation between the Tx and the Rx channels. A
poor isolation between the Tx and the Rx
channels would lead to a large amount of power
being deflected towards an undesired direction
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during the diplexer operation. For example,
transmit signals to receive path and vice versa
[1]. The selectivity of the transmit and the
receive channels of a diplexer is another vital
design criterion that should be put into
consideration.
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Fig.1. RF front end of a cellular base-station.

Diplexers are typically made up of two separately
designed channel filters with a three-port
impedance matching network as shown in Fig.2.
The two channel filters are distinctly designed to
operate at different frequencies that relate to the
frequencies of the Tx and the Rx channels of the
diplexer. The combining network, i.e. the 3-port
impedance matching network, is normally
designed to produce good transmission in one
passband and exhibit high impedance in the other
passband [4]. This rigorous design condition of
the 3-port impedance matching network is to
enable the attainment of the desired channel
isolation. According to [5], designing a matching
network that can produce a good transmission in
one passband and a good attenuation in the other
passband is very challenging. The performance
of a diplexer will highly depend on the channel
filters, as well as the three-port matching network
[6]. This is because the overall losses
experienced in the diplexer are due to the sum of
all the individual losses contributed by the
channel filters and the combining network [7].

Tx Filter ——e Port2
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Portl1 &—— Matching
Network
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Fig.2.  Diplexer architecture.

Different techniques have been investigated and
reported for the design of diplexers. One
interesting thing about the various methods is
that different authors have reported different
ways of matching and distributing energy
between the Tx and the Rx channels of the
reported diplexers. Some of the matching
networks and energy distribution devices that
have been reported include manifolds [8],
circulators [9], T-junctions [10], Y-junctions
[11], and common resonators [12]. Some authors
have recently reported diplexers without external
matching networks [13]. Various transmission
line technologies, including planar and non-
planar, have been employed in the
implementation of diplexers. Some popular
examples include waveguide [14], substrate
integrated waveguide [15], coplanar waveguide
[16], microstrip [17], and stripline [18].

The diplexer reported in this paper is based on a
T-junction matching network and the microstrip
transmission line for implementation. The
originality and contribution of the work proposed
here is that while the previously reported junction
diplexers [10,12,19] rely on tuning and
optimisation techniques to achieve matching at
the junction, this paper proposes a novel
formulation to make matching simple and
reliable. This means that results can be easily
reproduced by any researcher or design engineer
worldwide by simply choosing their design
specifications and utilising the proposed
formulation. The proposed diplexer also exhibits
very good isolation between the Tx and the Rx
channels which is very encouraging.

Il. CIRCUIT MODEL

The diplexer circuit model is formed from two
separately designed channel filters and a T-
junction as shown in Fig.3. The two channel
filters are designed using the technique reported
in [20], [21] with centre frequencies that
correspond to those of the Tx and the Rx bands
of the proposed diplexer. Each filter is designed
to have a fractional bandwidth of 0.03; a



passband return loss of 20 dB; and a
characteristics impedance of 50 Ohms. Other
design parameters of the channel filters are given
in Table 1. From Fig.3, T1, T2, T3 and R1, R2,
R3 are the resonators of the Tx and the RXx filters,
respectively. TL: and TL, are the transmission
lines for implementing the T-junction. The
electrical lengths of TL; and TL. are 63 and 67
degrees, respectively.

The circuit model of Fig.3 was simulated using
the Advanced Design System (ADS) circuit
simulator, with the J-inverters modelled as pi-
networks of capacitors as reported in [22]. The
simulation results of the diplexer circuit model

are presented in Fig.4 and show that the Tx and
the Rx channels are centred at 2.6 GHz and 3.0
GHz, respectively; the isolation between the Tx
and the Rx channels is better than 50 dB; the in-
band return loss for both channels is greater than
20 dB; and the insertion loss is zero (i.e. ideal
circuit condition).

Table 1: Channel filters design parameters.

Filter fo, GHz L, nH C, pF J01 Joz
TX 2.6 0.1078 34.7529 | 0.02 | 0.0176
Rx 3.0 0.0934 | 30.1192 | 0.02 | 0.0176

T-junction Tx channel filter
T1 T2 T3
i Jo1 Jiz Jio Jo1
C L L C L Zo
v v v v
Zo R1 R2 R3
' Jo1 J12 Jio Jo1
C L L C L Zo
v v v v

Rx channel filter

Fig.3.

Diplexer circuit model showing identical LC resonators and J-inverters.
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Simulation results of the diplexer circuit model.

1. MICROSTRIP LAYOUT

The microstrip layout implementation of the
diplexer circuit is shown in Fig.5. The original
idea behind the diplexer layout is based on the
formulation used to design the T-junction
section. The formulation is given in Equation (1),
where EL is the electrical length of the given
transmission line, Ag is the guided-wavelength at
one giga-Hertz frequency. The diplexer layout
implementation is based on Rogers RT/Duroid
6010LM substrate with a relative dielectric
constant & = 10.7, a thickness h = 1.27 mm and a
loss tangent tan 6 = 0.0023.

The physical dimensions were determined using
the ADS Momentum full-wave electromagnetic
simulator. The Microstrip layout implementation
results are presented in Fig.6 and show that the
results closely match the circuit model results.
However, an isolation of better than 42 dB is
achieved when compared to the 50 dB isolation
attained in the circuit model results of Fig.4.
Unlike the circuit model design that is lossless,

the microstrip layout implementation includes
both conductor and dielectric losses. The loss
tangent of the dielectric materials was kept at
0.0023, while the copper conductivity used for
the simulation was maintained at 5.8 x 107 S/m,
with a thickness of 35 micron for both the top
and bottom metals of the microstrip line. Hence,
an insertion loss of better than 1.1 dB is
achieved, which is very encouraging.
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Fig.5. Microstrip layout of the diplexer cir::uit with
all dimensions in mm.
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Fig.6.  Microstrip layout results of the diplexer circuit.

IV. RESULTS COMPARISON

for easy comparison. The results show good
agreement and proves that the design technique is
not only simple but also reliable.

The diplexer circuit model and microstrip layout
implementation results are co-presented in Fig.7
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V. CONCLUSION

A 6th order (6-pole) T-junction diplexer has been
proposed, designed, and implemented using the
microstrip transmission line technology. The
circuit model and microstrip layout results show
good agreement; with centre frequencies of 2.6
GHz at the Tx band and 3.0 GHz at the Rx band.
A performance comparison with some published
works [23]-[26] is presented in Table 2.

Table 2: Comparison between &)ro osed diplexer and
re

some recently publishe ated works.

Ref. f./f, Iso.? RLP Selectivity
GHz dB dB

[23] 1.8/2.4 >18.2 - Low
[24] | 2.45/2.98 | >27.2 >15.3 Medium
[25] 1.0/1.15 ; >20.0 Low
[26] | 1.73/2.25 | >35.9 >15.0 Medium
This 2.6/3.0 >41.6 >20.0 High
work

* Isolation, ™ return loss

1
28
frequency, GHz

(b)
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- = Microstrip Layout: 523
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Results comparison. (a) Insertion and return losses. (b) Isolation between Tx and Rx.
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