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Abstract. In this paper we present the design, realization 
and characterization of a microwave duplexer, compact, 
easy to realize and integrate into systems such as ground 
penetrating radars. It is made without the use of ferrite or 
magnet. This device is designed in the S band and made in 
micro-ribbon technology. It consists of a power divider 
and two RF amplifiers, low gain, using a BFR91 bipolar 
transistor. The latter is frequently available and inexpen-
sive. Measurements made on a vector network analyzer 
have shown a low insertion loss with insulation considered 
satisfactory – for low power applications – between the 
transmitter (Tx) and the receiver (Rx) circuits. 
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1. Introduction 
A duplexer (Fig. 1) is an electronic device allowing 

the use of the same antenna for transmitting and receiving 
the signal [1], while respecting the optimal adaptation of 
the antenna for each input. It comprises a transmission 
channel (Tx), a reception channel (Rx) and an antenna 
channel (Tx/Rx). The transmission and reception channels 
(Tx and Rx) are completely isolated. It is therefore a switch 
that connects the transmitter to the antenna and then the 
antenna to the radio receiver. It must prevent the pulses of 
considerable power transmitted by the transmitter from 
damaging or destroying the circuits of the receiver, which 
are calibrated for the processing of signals of very low 
power. Generally a duplexer is used in radar systems and in 
wireless communications systems. There are different types 
of duplexers that operate on different principles, including: 

 Hybrid circle duplexer (ferrite and magnet based). 

 Coaxial resonant cavity or waveguide. 

- with TR (Transmission-Receiving) and ATR (Anti-
Transmission-Receiving) tubes; 

- or with PIN diodes. 

 
Fig. 1.  Synoptic diagram of the duplexer. 

The primary function of TR tubes is to direct the re-
turn echoes to the receiver and to protect it from the trans-
mitted pulse [2–5]. They are usually spark gaps in a par-
tially vacuum tube. An electrical arc can be generated in 
the tube by the ionization of the gas it contains by a suffi-
cient voltage between the electrodes. 

The primary function of the ATR tubes is to cut the 
channel to the transmitter for any pulse moving in the 
transmission line [4], [5]. They are in fact simplified TR 
tubes. They are filled with an inert gas like argon because 
the recovery time is not critical. In addition, an exciting 
agent, such as a maintenance electrode, is not required. The 
fact of not having an active gas and a maintenance elec-
trode makes it possible to obtain a tube having a longer life 
than the tubes TR. 

Figure 1 shows the block diagram of a duplexer. Its 
matrix S is defined below: 
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The problem is that these types of devices sometimes 
exist only among sellers of radio frequency components, 
which exist in their turns only in developed countries. Even 
to acquire these, it takes time to deliver. Moreover, these 
devices do not exist for all frequency ranges. This problem 
prompted us to design and build a duplexer based on an 
element that can exist in all sellers of electronic compo-
nents. This element is the bipolar transistor BFR91 of the 
NPN type. It has a cut-off frequency equal to 6 GHz. It can 
dissipate power up to 300 mW. It has input and output 
impedances equal to 50 . Its theoretical gain, of 
maximum  power transfer, is equal to 5 dB at 2.4 GHz. The 
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Fig. 2.  Synoptic diagram of a GPR radar. 

 
Fig. 3.  Synoptic diagram of the studied duplexer. 

duplexer realized with the help of this transistor presents 
multiple advantages such as low manufacturing cost, sim-
plicity of design and ease of reproducibility. This device 
will subsequently be used in a GPR RADAR [6], [7] appli-
cation operating at 2.4 GHz (Fig. 2). 

2. Description of the Duplexer 
The duplexer is realized in planar technology and its 

working frequency is equal to 2.4 GHz. It is composed of 
two RF amplifiers, based on the bipolar transistor BFR91, 
and a Wilkinson power divider. The transistors used are of 
the NPN type and are of low power. 

This device is realized on a printed circuit that is fre-
quently available and inexpensive. The conductor consti-
tuting it is copper, with a thickness T = 35 μm and a con-
ductivity σ = 59.6  106 S/m. Its dielectric is Teflon glass, 
with a thickness H = 1.5 mm, with a relative permittivity 
εr = 4.32 and having losses modeled by tanδ = 0.02. The 
synoptic diagram of this duplexer is shown in Fig. 3. 

2.1 Characterization of the RF Amplifier 

The amplifier used is shown in Fig. 4. It is based on 
a bipolar transistor BFR91 which is mounted as a common 
emitter. The impedances of the input and the output of this 
transistor are equal to 50 . To ensure impedance match-
ing for maximum power transfer, the input and output of 
the transistor have been connected to microstrip lines with 
characteristic impedance ZC = 50 . The latters have 
a track width equal to 2.86 mm. It is calculated by the ADS 
LineCalc tool. The polarization of the transistor takes place 
via a low-pass filter LC circuit which blocks the passage  
of the RF signal to the supply so that it is not disturbed and 

 
Fig. 4.  Electrical diagram of the realized RF amplifier 

(VCC =
 +12 V, RB = 33 kΩ, RC = 220 Ω, C1 = C2 = 

10.4 nF). 

 
Fig. 5.  Topology and design of the RF amplifier. 

 

[S] Parameters Module [dB] Phase [deg] 
S11 –13.4 84 
S21 3.4 56 
S12 –12.7 83 
S22 –12.52 –90 

Tab. 1. Results of measurements of parameters S of the active 
circuit. 

allows the direct current of the power supply to pass to the 
transistor which is polarized. The rest point of the transis-
tor is set by RB and RC, IC0  20 mA. The impedances of the 
connection capacitors C1 = C2 = 10.4 nF are chosen to be 
strictly less than 50  at the working frequency 
f = 2.4 GHz. 

 Stability and Gain: 

Table 1 represents the Sij parameters of the RF ampli-
fier of Fig. 5. These parameters Sij are obtained by meas-
urements on a vector network analyzer (VNA) at the fre-
quency f = 2.4 GHz. 

These parameters S make it possible to calculate the 
Rollet factor K which intervenes in the stability criterion 
[8] 
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with 12212211 SSSS   . (3) 

Since K = 4.294 > 1 and || = 0.119 < 1, we can de-
duce that the active circuit will be unconditionally stable at 
2.4 GHz. The determination of the Rollet factor K is neces-
sary to obtain also the maximum gain at 2.4 GHz. When 
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the amplifier is adapted to input and output, its maximum 
theoretical gain is given by: 

   221
max

12

1 6.82 dB.
S

G K K
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      (4) 

In practice this theoretical gain is not really 
accessible. 

 Input and output impedances: 

They are provided from the value of the reflection 
coefficients e and s by the relation [8]: 
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We find a coefficient of reflection: 

 4 2
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which gives IN 49.88 j4.10Z   . 

Output adaptation: 
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We find a coefficient of reflection: 

 3 2
s 3.13 10 j5.22 10        

which gives:  OUT 50.04 j5.25Z   . 

The impedances of the input and the output of the 
amplifier are almost equal to 50 , which means that they 
do not require any adaptation device. 

 Insulation circuit 

The polarization of the BFR91 transistor takes place 
via a broadband isolation circuit (BP = 1 GHz, see Fig. 7), 
realized in micro-ribbon technology. It is a low pass filter 
that allows the direct current of the power supply to pass to 
the transistor and blocks the passage of the RF signal to the 
power supply so that it is not disturbed. The latter consists 
of distributed elements, a series inductance and a parallel 
capacitor (Fig. 6). 

 
Fig. 6. Topology and design of the insulation circuit. 

The shape of the butterfly capacitor [9], [10] allows it 
to operate in a wide frequency band. It also makes it possi-
ble to reduce its radiation with respect to a capacitor of 
square or rectangular shape. Its length is chosen equal to 
λg/4 and is obtained only by optimization under the ADS 
software since its width is increasing so its characteristic 
impedance and its effective permittivity vary according to 
its length. 

 0
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 .  (10) 

The butterfly capacitor is a planar line which obeys 
the relation (11). Its length is equal to λg/4 and it is open at 
its end. It returns to its input a short circuit for the RF 
signal [11]. 
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The short circuit brought back to the input of the 
capacitor short circuits the output of a line of λg/4 length. 
This line brings back to its input an open circuit for the RF 
signal. 

  )
4

(


xZ .   (12) 

Figure 7 shows the S parameters obtained by simula-
tions on ADS software and by measurements made by 
a VNA - of the isolation circuit of Fig. 6. Figure 7 shows 
that for a direct current the reflections (S11  S22) are 
negligible, of the order of –70 dB, and the transmissions 
(S21  S12) are maximum, of the order of 0 dB. On the other 
hand, for the RF signal at 2.4 GHz, the reflections are 
maximum, equal to –0.53 dB, and the transmissions are 
negligible, equal to –28.8 dB. 

In conclusion, the isolation circuit behaves as an open 
circuit for the RF signal and as a direct current wire. Thus, 
this circuit is used to block the RF signal and let the direct 
current pass through (low pass filter). 

We also note from Fig. 7 that the bandwidth of this 
isolation circuit is equal to 1 GHz. On this band the reflec-
tion coefficients are strictly superior to –3 dB and the 
transmission coefficients are strictly lower than –10 dB. 
We can also say that the bandwidth of the RF amplifier is 
linked to this isolation circuit. 
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Fig. 7.  Sij parameters of the isolation circuit. 

2.2 Characterization of the Wilkinson Power 
Divider 

Figure 8 shows Wilkinson's power divider. The 
Wilkinson divider [11–14] is composed of two quarter 
wave lines and a resistance R = 2Zc = 100 Ω at the end of 
these two lines. The characteristic impedance of the supply 
lines is equal to Zc = 50 Ω. The two quarter-wave lines 
have a characteristic impedance Z΄c such as: 

 
c c 2 70.71Z Z    .  (13) 

Zc = 50 Ω corresponds to a track width equal to 2.86 mm. 
Z΄c = 70.71 Ω corresponds to a track width equal to 
1.49 mm. These track widths are calculated by the ADS 
LineCalc tool. 

All inputs of the Wilkinson power divider are 
adapted, the outputs are symmetrical and isolated from 
each other. The energy entering through the port 1 will be 
divided into two equal parts. The first half will be directed 
to port 2 and the second half to port 3. The two-fold divi-
sion of energy is not an obligation. It may be unevenly 
distributed, but less frequently than an equi-distribution. 

Figure 9 shows the power divider which is realized. 
Its matrix S is defined below: 
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Figure 10 shows S11 = –23.6 dB and S22 = S33 = 
–24.2 dB, for f = 2.4 GHz. This means that the three ports 
of the power divider are well adapted. 

 
Fig. 8.  Wilkinson power divider. 

 
Fig. 9.  The achieved Wilkinson power divider. 

 
Fig. 10.  Variation of the reflection parameters S11 and S22 as 

a function of frequency. 

 
Fig. 11.  Variation of transmission parameters S21 as a function 

of frequency. 
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Fig. 12.  Variation of transmission parameters S32 as a function 

of frequency. 

Figure 11 shows well for f = 2.4 GHz, S21 = S31 =  
–3.38 dB. This means that the energy applied at port 1 will 
be divided into two equal parts on ports 2 and 3. The 
output channels are symmetrical. 

Figure 12 shows for f = 2.4 GHz, S23 = S32 =
 –31 dB. 

This means that ports 2 and 3 are well insulated from one 
another. Since the sensitive circuits of the receiver cannot 
support the power signals generated by the transmitter. 
This isolation is necessary for the separation of the two 
ports (Tx) and (Rx) of the duplexer. 

3. Experimental Characterization of 
the Realized Duplexer 
In this last part of this work, we are interested in the 

integration of all the elements of the duplexer (the two RF 
amplifiers and the Wilkinson divider) on the same PCB. 
All the results presented were found by measurements on 
a vector network analyzer Agilent Technologies E5062A 
and using the Advanced Design System (ADS) software. In 
the different simulations carried out, the parameters Sij of 
the transistor BFR91 (obtained by measurements using 
a VNA) are introduced into the overall calculation, via 
a file whose extension is "s2p". 

Figure 14 shows for f = 2.4 GHz, S11 = –12.2 dB, 
S22 = –17.3 dB, S33 = –11.5 dB. This implies that the three 
ports of the duplexer are well-adapted and the reflections at 
these ports are low. 

The found values of the different isolations observed 
in Fig. 15 (S12 = –53 dB, S21 = –22 dB, S13 = –16 dB and 
S32 = –18 dB at f = 2.4 GHz,) are considered satisfactory 
for this application (low power). 

Indeed, for an input power of 300 mW (Tx), the 
return signal (received by the antenna, assumed to be very 
small in front of the transmission signal) could not disturb 
the transmission (S13 = –16 dB). 

 
Fig. 13.  The realized duplexer. 

 
Fig. 14.  Variation of the reflection parameters S11, S22 and S33 

as a function of the frequency. 

Similarly the signal reflected by the receiver (Rx), 
which is characterized by low power, for isolation (S32 = 
–18 dB), does not affect the signal received by the antenna. 

These results show that the isolation between the 
transmit (Tx) and receive (Rx) circuits is considered 
satisfactory for low power applications (S21 = –22 dB). 

 

Fig. 15.  Variation of transmission parameters S12, S21, S13 and 
S32 as a function of the frequency. 
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Fig. 16.  Variation of transmission parameters S13 and S31 as 

a function of frequency. 

 
Fig. 17.  Variation of transmission parameters S32 and S23 as 

a function of frequency. 

 
Fig. 18.  Variation of transmission parameters S21 and S12 as 

a function of frequency. 

The isolation between the transmitter and receiver has 
been assured by the power divider that has an isolation of 
31 dB (see Fig. 12). 

Figure 16 shows that for f = 2.4 GHz, S13 = –16 dB 
and S31 = –0.047 dB, this implies that the transmission is 
only one-way, from port 1 to port 3 (from the transmitter to 
the antenna). This was ensured by the transistor BFR91 
which is a unidirectional component placed in the circuit Tx. 

Figure 17 shows that for f = 2.4 GHz, S32 = –18 dB 
and S23 = –0.2 dB, this implies that the transmission is only 
one-way, from port 3 to port 2 (from the antenna to the 
receiver). This was ensured by the transistor BFR91 which 
is a unidirectional component placed in the circuit Rx. 

The use of two BFR91 transistors in cascades, instead 
of just one, makes it possible to double the values of the 
parameters S13 and S32. 

Figure 18 shows well for f = 2.4 GHz, S21 = –22 dB 
and S12 = –53 dB, which means that ports 1 and 2 are iso-
lated. This prevents the transmitter from transmitting 
power signals to the receiver which contains very sensitive 
circuits. This isolation was ensured by Wilkinson's power 
divider. 

The studied duplexer has been experimentally vali-
dated. Insertion losses, measured at 2.4 GHz are negligible 
(S31 = –0.047 dB between the transmitter and the antenna, 
and S23 = –0.2 dB between the antenna and the receiver). 
Due to an insulation that is considered satisfactory, for low 
power applications. The simulated and measured results 
show a good agreement. 

The noise observed in the various measurement 
curves (Fig. 7, Fig. 11, ...) essentially in high frequency, is 
due, to our opinion, to the different resonance phenomena 
that occur in the circuits made (the discontinuities pro-
duced by the welds as well as those between the supply 
lines and the connectors, the capacitors, the transistors, ...) 
which can have a not negligible effect on the results ob-
tained. These phenomena are often difficult to take into 
account in simulations. 

4. Conclusion 
In this article, we have concentrated our efforts on the 

design and realization of a duplexer in planar technology. 
It integrates available and inexpensive active components. 
This duplexer works in the microwave band. It is easy to 
build and integrate into systems such as radar and wireless 
communications systems. The results we obtained during 
the study of this device, confirm that all its inputs are 
adapted and that the isolation between the circuits of emis-
sion (Tx) and of reception (Rx) is considered satisfactory 
for low power applications. The incoming energy through 
the Tx port will be directed only to the antenna and the 
energy delivered by the antenna will be directed to the 
receiver. Insertion losses are negligible. The power that the 
duplexer can dissipate as well as its sensitivity are deter-
mined by the RF transistors used. 
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