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Abstract. A miniaturized wideband microstrip Marchand balun is presented in the paper. The balun 

is simulated and optimized in ADS and HFSS to evaluate the characterization. The Balun is 

fabricaded on a double-sided PCB by Rogers’s 5880 material. The results show that, the bandwidth of 

the balun is from 8GHz to 16GHz. The insert loss is within 5dB, and the return loss of the three ports 

is better than -5dB in the bandwidth. The measured amplitude imbalance and phase difference 

between the two balanced output ports are within 1dB and 10° over the whole frequency band. 
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1. Introduction 

With the explosive growth in the wireless communication industry, wideband transceivers have 

gained significant popularity during the past two decades, and they provide the flexibility of operation 

at various frequencies simultaneously [1, 2]. As the differential signal is widely used to get rid of the 

noise and high order harmonics, many circuits require balanced inputs and outputs connections in the 

common used transceiver systems [3]. 

Baluns are widely used in almost all RF front-end wireless communication systems, such as double 

balanced mixers, push-pull amplifiers, frequency doublers and antenna feed networks [4, 5, 6, 

7].They can help to improve the dynamic range of the circuits and achieve higher stability against 

non-ideal grounding. A properly designed balun plays a key role in some types of circuit. In fact, it is 

sometimes the performance of the balun which predominately determines the performance of the 

whole systems. 

As a kind of distributed passive Baluns, Marchand Balun becomes very popular in microwave 

frequency applications because of its ease of implementation and wide bandwidth [8]. In this paper, 

simple theory and design procedure are presented to optimize the miniatured microstrip Marchand 

balun. The balun is first simulated by ADS. The proposed new structure is then simulated by the 

full-wave electromagnetic software Ansys HFSS and validated by the measurement, finally. 

2. The Structure of Marchand Balun 

Marchand balun was raised by Nathan Marchand in 1944 [9]. The equivalent circuit is showed in 

Fig.1, and the balun consists of two identical sections of coupling lines, which are λ/4 long at the 

center of operating frequency. Port1 is the unbalanced input port with λ/2 transmission line long to the 

other open-circuit terminal, and Port2 and Port3 are balanced output ports with λ/4 transmission lines 

long to the two short-circuit terminals respectively. The unbalanced signal from input port to output 

ports passes through λ/4 and 3λ/4 respectively, and the phase difference between the two output 

signals is 180 degree. 

λ/4 λ/4

λ/2
Open

Port1

Port2 Port3  
Fig. 1 The Marchand Balun structure 
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The Marchand balun can be easily realized by microstrip line or stripline. To achieve better 

balance property, a strong coupling is required for both the two coupled line sections, and symmetry 

should also be taken into account. The microstrip coupled lines are used in the proposed Marchand 

balun structure, and the schematic of the balun in ADS is shown in Fig.2. The initial parameters can 

be obtained in virtue of the optimization function, and they will be used to construct the 3D physical 

model in full-wave 3D EM simulator HFSS [10], which is more likely closer to the actual reality.  

 
Fig. 2 The schematic of the Marchand balun in ADS 

For the design and measurement convenience, the impedances in all the balanced and unbalanced 

ports are assumed to be 50Ω. Figure 3 shows the simulation results of the balun in ADS, which can be 

used to evaluate the performance of the balun. The bandwidth of the simulation results is from 9GHz 

to 19GHz. The return loss of the unbalanced port is below -10dB, and the return loss of the balanced 

ports is about -5dB. The basic performance of the Marchand balun can be evaluated from the 

simulation results in ADS, which can be used to optimize the physical dimensions of the 3D structure 

in Ansys HFSS for EM simulation.  
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Fig. 3 The performance of the Balun in ADS 

3. Simulation and Results 

In order to gain the 3D EM simulation results of the balun structure, Ansys HFSS is employed to 

analyze the coupled microstrip line structure. The Marchand balun on a double-sided PCB is designed, 

simulated, fabricated and measured. The physical 3D view of the Marchand Balun is shown in Fig.4. 

The microstrip connected with the unbalanced port is bended to achieve a miniature structure. It is 

established by a double-sided PCB technology with the specific material parameters as listed: the 

relative permittivity of Rogers’s material is 2.2 with the thickness of 0.254mm. The metal conductor 

is gold and its thickness is about 18μm. The surface gold geometry of the Rogers material is the 

Marchand Balun, the backside of the material is all ground. The vias are used to connect the ground 

between the front side and the back side. The bondwires are used to connect the microstrip lines as 

shown in the picture. 
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Fig. 4 The 3D schematic view of the Marchand Balun structure in HFSS 

The lumped ports are used to excite the three ports of the geometric model. The optimization is 

performed to get the best performance of the balun in the HFSS, and the initial values are parameters 

simulated in the ADS before. The coupling effects between the microstrip lines, the horizontal space, 

vertical gap, vias and bondwires etc in the 3D geometry can be simulated accurately in the HFSS EM  

simulator. The fabricated Marchand balun on Rogers material is shown in Fig. 5. The ports are all 

connected with a section of 50Ω microstrip line for measurement convenience. 

 
Fig. 5 The photo of the fabricated Marchand balun 

The measurement was carried out on an N5242A vector network analyzer. As a wideband 

three-port lossless network, the Marchand baluns cannot be matched simultaneously at all ports, as 

shown in Fig. 6, the return loss of the balanced ports is below -5dB, and the return loss of the 

unbalanced port is below -10dB. The insertion loss of the simulation is less than 4 dB from 8GHz to 

18GHz, while the one of measurment is less than 5dB from 7GHz to 17GHz, as shown in Fig. 7.  

 
Fig. 6 The return loss between the simulated results of HFSS (the symbol "-" is port2 and the sybmol 

"|" is port1) and the measurement (the symbol "x" is port2 and the sybmol "o" is port1) 
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Fig. 7 The insertion loss between the simulated results of HFSS (the symbol "o" ) and the 

measurement (the symbol "x" ) 

In Figs. 8, it is shown that the simulated and measured results of the amplitude imbalance and 

phase difference about the microstip Marchand balun. The amplitude imbalance between port2 and 

port3 is less than 1 dB, and the phase difference between the two ports is less than 10°.   

Compared to the simulated results, the frequency range of the banlun in measured ones is a little 

shifted to the lower frequency. On one side, the discrepancies between simulation and measurement 

may mainly come from the fabrication tolerances, on the other side, the influence of parasitic 

parameters and the environment can also be accounted for the difference. It can be obtained very good 

agreement if the whole structure is fabricated in a closed cavity. To some extent, the measured results 

agree well with the simulated ones, the simulation results of the HFSS  can give the best predictions of 

the PCB fabrication sturcture. 

   
Fig. 8 The amplitude imbalance and phase difference between the simulated results of HFSS (the 

symbol "o") and the measurement (the symbol "x") 

A wideband Marchand balun was designed and simulated by the full-wave 3D electromagnetic 

software HFSS. It was fabricated in Rogers 5880 doubled-sided PCB material. The measurement 

results show that the balun achieves low insertion loss and good balance in the frequency band from 6 

GHz to 16 GHz. It is proved that Ansys HFSS can give the best performance predictions in the 3D 

microstrip structure. 

4. Summary 

A miniaturized microstrip Marchand balun fabricated on the Rogers 5880 substrate was designed 

in the paper. The design was simulated by the full-wave electromagnetic software Ansys HFSS and 

verified by the measurement. The insertion loss of the balun is about -5dB around the frequency band, 

and the measured amplitude imbalance and phase difference between the two balanced ports are 

within 1dB and 10º in the operating frequency band. A reasonably good agreement has been achieved 

between the simulation and measurement results. 
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