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Abstract—A new formulation for implementing T-junction 

matching networks used in diplexer design is proposed in this 

paper. The investigation exploits the electrical length of 

quarter-wavelength microstrip transmission lines, and the 

guided-wavelength of the lines at one giga-Hertz frequency, in 

achieving the T-junction design formulation. This novel design 

would eradicate the uncertainties associated with frequent 

tuning and optimisation of T-junctions to achieve the desired 

energy distribution in diplexer designs. A prototype diplexer 

for separating the transmit from the receive frequencies within 

the front end of a wireless cellular base station is investigated 

and used to demonstrate the new design method. The prototype 

microwave diplexer with Tx and Rx centre frequencies of 2680 

MHz and 3000 MHz, respectively, have been designed, 

implemented using microstrip, simulated, and presented. The 

simulation results of the circuit model and that of the 

microstrip layout prototype diplexer, demonstrate decent 

agreement with a high isolation of better than 50 dB between 

the transmit (Tx) and the receive (Rx) channels. The in-band 

lowest insertion loss is located at 1.1 dB, with a better than 20 

dB in-band return loss across both the Tx and Rx bands.    

Keywords—microstrip, T-junction, diplexer, filter, resonator, 

hairpin, coupling 

I. INTRODUCTION 

T-junctions have been playing a vital role in the design of 
microwave diplexers for modern wireless communication 
systems. Diplexers are characteristically composed of two 
distinctly designed channel/bandpass filters, connected using 
a 3-port impedance matching circuit/network as shown in 
Fig. 1. Each of the separate bandpass filters are particularly 
designed to function at dissimilar frequency channels that 
match the frequencies of the Tx and the Rx channels of the 
prototype microwave diplexer. The connecting network, i.e., 
the three-port impedance matching circuit/network, is usually 
designed to yield decent transmission in one of the passbands 
and deliver profound impedance in the second passband [1].  

 

Fig. 1. Junction diplexer layout.  

The careful design criteria of the three-port impedance 
matching circuit/network would permit the attainment of the 
anticipated frequency isolation. Referring to [2], it was stated 
that designing a circuit/matching network that can yield a 
decent transmission in one of the passbands and a decent 
attenuation in the second passband is very demanding. The 
frequency performance of a microwave diplexer vastly 
depends on the individual channel/bandpass filters [3], 
together with the connecting circuit/network [4]. This is 
because the combined loss characteristic of the microwave 
diplexer is because of the totality of the different losses 
contributed by each channel/bandpass filter and the matching 
circuit/network [5]. 

T-junction [6]–[9] is one of the popular candidates for 
implementing the 3-port matching circuit/network presented 
in Fig. 1. Some other types of combining networks that have 
been reported in literature include manifolds [10], circulators 
[11], and Y-junctions [12]. This paper investigates a new 
formulation to make circuit matching simple and dependable 
at the diplexer junction. This implies that results can be 
simply replicated by the research community worldwide, by 
merely selecting their design conditions and exploiting the 
proposed formulation.  

II. CIRCUIT MODEL 

The prototype diplexer circuit model is developed from 
two distinctly designed channel filters and a T-junction as 
shown in Fig. 2.  

 

Fig. 2. T-junction diplexer lumped elements circuit model showing 
equal LC resonators components and J-inverters. 

 



The channel filters are designed using the procedure reported 
in [13], [14] with center frequencies that match to those of 
the Tx and the Rx channels of the proposed prototype 
microwave diplexer. The channel filters are designed to have 
a fractional bandwidth (FBW) of 0.03; a channel return loss 
of 20 dB; and a characteristics impedance of 50 Ohms. The 
additional design parameters of the transmit and the receive 
channel/bandpass filters are given in Table I. As shown in 
Fig. 2, T1, T2, T3 are the resonators of the transmit filter, and 
R1, R2, R3 are the resonators of the receive filter. The TL1 
and TL2 shown in Fig. 2 are the quarter-wavelength 
microstrip transmission lines for implementing the T-
junction. The electrical lengths of TL1 and TL2 are 63 and 67 
degrees, respectively as shown Fig. 3. The lumped elements 
circuit model of Fig. 2 was simulated on the commercially 

available Keysight electromagnetic (EM) circuit simulator, 
Advanced Design System (ADS), with the J-inverters 
modelled as capacitors-only networks as reported in [15], 
[16] and shown Fig. 3. An alternative way to conduct the 
circuit simulation on ADS would be by the modelling of the 
J-inverters as inductors-only networks is reported in [3].  

TABLE I.  CHANNEL FILTER LUMPED ELEMENTS CIRCUIT MODEL 

DESIGN PARAMETERS. 

Filter f0  

(MHz) 

L  

(nH) 

C 

(pF) 

J01 J02 

Tx 2600 0.1078 34.7529 0.02 0.0176 

Rx 3000 0.0934 30.1192 0.02 0.0176 

 

 

 

Fig. 3. T-junction diplexer circuit with J-inverters modelled as capacitor-only network.

 

III. MICROSTRIP LAYOUT 

The microstrip layout implementation for the prototype 
microwave diplexer is captured in Fig. 4. The originality in 
the microwave diplexer layout design is traced to the 
formulation used to design the T-junction matching network. 
The formulation is specified in Equation (1), where EL 
denotes the electrical length for the microstrip quarter-
wavelength microstrip line (ML), λg is the guided-
wavelength for the ML at one giga-Hertz frequency. The 90o 
in the numerator of Equation (1) indicates the phase shift that 
occurs in the quarter-wavelength microstrip line. The 
diplexer layout operation is based on the Rogers RT/Duroid 
6010LM substrate of relative dielectric constant, ɛr = 10.7; 
thickness, h = 1.27 mm; and loss tangent, tan δ = 0.0023. The 
simulated dimensions of the diplexer were determined using 
the ADS Momentum full-wave electromagnetic simulator. 

 

𝑇𝐿(𝑚𝑚) =
(𝐸𝐿+90𝑜)

360𝑜
𝜆𝑔                    (1) 

 
Fig. 4. Microstrip layout of the T-junction diplexer circuit with all 

dimensions in mm. 

 



IV. RESULTS AND DISCUSSION 

The prototype microwave diplexer lumped elements 
circuit model, together with the microstrip diplexer layout 
operation frequency responses are co-presented in Fig. 5 for 
clear comparison.   

 

(a) 

 

(b) 

Fig. 5. T-junction diplexer results comparison. (a) Insertion and 
return losses. (b) Isolation between Tx and Rx. 

 The simulated frequency responses of the T-junction 
prototype microwave diplexer lumped elements circuit model 
in Fig. 5 show that the transmit (Tx) and the receive (Rx) 
bands are centered at 2600 MHz and 3000 MHz, 
respectively, as required. The frequency bands isolation 
between the two filter channels is improved to around 50 dB; 
the in-band frequency return loss (RL) for both channels is 
better than 20 dB; and the insertion loss is zero (which is an 
ideal circuit condition). 

 The microstrip implementation responses of the T-
junction prototype microwave diplexer are also captured in 
Fig. 5 and show that the results closely match the circuit 
model results. However, the frequency isolation between the 
filter bands achieved here is about 42 dB. This has a variation 
of just 8 dB when compared to the 50 dB isolation attained in 
the circuit model results. An insertion loss of about 1.1 dB is 
achieved from the microstrip layout. The variation in 
isolation and insertion loss are because the microstrip 
diplexer layout implementation includes both the conductor 
and the dielectric losses parameters. This is unlike the ideal 
circuit model. The loss tangent parameter of the dielectric 
materials considered and maintained at 0.0023. The copper 

conductivity, on the other hand, was maintained at 5.8 x 107 
S/m. The thickness of the copper conductor was maintained 
at 35 microns for the microstrip transmission line. 

V. CONCLUSION 

A T-junction designed purely based on a new formulation 
has been utilized in the implementation of a sixth-order 
diplexer. The prototype T-junction diplexer has been 
proposed, investigated, designed, and realized using the 
microstrip line method. The lumped elements diplexer circuit 
model and prototype microstrip diplexer layout frequency 
responses demonstrate decent agreement; with centre 
frequencies of 2.6 GHz (2600 MHz) at the Tx band and 3.0 
GHz (3000 MHz) at the Rx band. A performance comparison 
with some recently published works [17]–[20] is presented in 
Table II. 

TABLE II.  COMPARISON OF THE FRIQUENCY RESPONSES OF THE 

PROPOSED PROTOTYPE DIPLEXER WITH SOME RELATED RECENTLY 

PUBLISHED WORKS. 

Ref. f1/f2  

(GHz) 

Iso.a  

(nH) 

RLb 

(pF) 

Selectivity 

[17] 1.8/2.4 >18.2 - Low 

[18] 2.45/2.98 >27.2 >15.3 Medium 

[19] 1.0/1.15 - >20.0 Low 

[20] 1.73/2.25 >35.9 >15.0 Medium 

This 

work 

2.6/3.0 >41.6 >20.0 High 

a. Isolation, b. return loss 
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