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Abstract— Passive non-magnetic self-interference suppression 

circuits are currently used as first stages of complex full-duplex 

radio systems that allow simultaneous reception and 

transmission within the same channel. This paper introduces the 

upper efficiency limit for such circuitry. It is demonstrated that 

for these devices it is not feasible to have simultaneously high 

efficiency, good transmitter-to-receiver isolation and same 

propagation channel for transmission and reception. More 

specifically, the maximum efficiency for most typical case cannot 

exceed 50% if good isolation is obtained. 

Keywords—full-duplex radio; simultaneous transmission and 

reception (STAR); efficiency; antenna; antenna feed 

I. INTRODUCTION 

Full-duplex radios, also known as Simultaneous Transmit 
and Receive (STAR) system, are attracting significant attention 
due to recent advancements in passive self-interference 
suppression [1]. Historically, transmitters and receivers 
operating within single device in full-duplex mode were 
separated either by bulky magnetic circulators or large antenna 
separation. Both approaches are not implementable within 
miniaturized radio devices, e.g. for Internet of Things or 
wireless sensor applications. 

As part of the effort to realize miniaturized full-duplex 
radios, some attention was given to passive self-interference 
suppression by antenna and antenna feed circuitry [2-4]. This is 
typically the first stage of complex circuitry, which aims to 
reduce self-interference to suitable level by using both 
analogue and digital techniques on subsequent stages. 

This paper outlines basic physical limitations of the antenna 
and linear microwave circuitry for self-interference 
suppression. It is demonstrated that transmission through the 
same propagation channel with good transmitter-to-receiver 
isolation necessitates decreased efficiency of the system, 
regardless of the antennas system used. For most typical cases 

the upper efficiency limit is 50%, which is consistent with 
state-of-the-art passive non-magnetic self-interference 
suppression proposed in the literature [4]. 

II. FULL-DUPLEX VS. MIMO 

In order for the full-duplex radio to operate efficiently, 
transmission and reception need to occur within the same 
channel. This requirement is especially critical for cognitive 
radio applications, where a timely detection of the active 
primary user in the same channel is of key importance. From 
an antenna point of view, it makes a clear distinction between 
Full-duplex and MIMO systems: in the latter antennas are 
designed to use multiple orthogonal channels in order to 
maximize communication throughput. In terms of antenna 
performance, it is usually evaluated by Envelope Correlation 
Coefficient (ECC). 

It is proposed in [4] that the same metric can be beneficial 
to analyse antennas dedicated to full-duplex applications:  
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where PRX is the received radiation pattern and PTX is the 
transmit radiation pattern. Both patterns include polarimetric 
information which is not shown for brevity.  

Since in full-duplex radio one requires transmission and 
reception within the same channel, this is guaranteed when 
ECC = 1. It therefore puts design criteria for MIMO antennas 
on the opposite side to Full-duplex antennas. However, from a 
system perspective, both allow to increase communication 
capacity. 



III. EFFICIENCY 

The requirement of using the same channel for transmission 
and reception has significant consequences for the design of 
passive non-magnetic self-interference suppression circuits. 
Such circuits are usually the first stage to reduce self-
interference that leaks energy from transmitter to receiver. 

In [5] Hallbjorner proposed a formula that - for passive 
linear circuits – binds ECC with S-parameters and efficiencies: 
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where T and R denote efficiency of transmitter and 

receiver antenna and feeds respectively, while loss is 
correlation of losses occurring in the system.  

In order to provide good self-interference suppression, the 
system should exhibit good isolation, i.e. lowest possible SRT. If 
this is satisfied, the first term in (2) equals zero. Both 
efficiencies take values from 0 to 1. Exact measurement of the 

correlation of losses loss is challenging, however its amplitude 
cannot exceed one. Proper operation of full-duplex radio 
requires that transmission and reception occur in the same 

channel, which corresponds to  ECC = 1. Applying those 

values to (2) and assuming perfect isolation (SRT = -∞ dB) and 

same channel for transmission and reception (ECC = 1), we can 
derive the upper limit on the efficiencies of the antenna and 
passive self-interference suppression circuitry: 
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The above limit applies only to the passive non-magnetic 

suppression, which is usually the first stage of the full-duplex 

radio implementation. If T = R the maximum achievable 
efficiency is 50%.  

Since passive suppression is only the first stage of full-
duplex radio systems, one may choose to reduce isolation as it 
can be compensated at later stages. Similarly, for some 
applications one may allow small discrepancy between 

transmit and receive channels, which will results in ECC < 1. 
Efficiency calculated for such cases is shown in Fig 1 for two 

most significant scenarios: loss = -1 (Fig. 1a) and loss = 0 (Fig. 

1b). Calculations assume STT = SRR = -10dB and T = R.  

IV. CONCLUSIONS 

The paper quantifies an upper efficiency limit for antennas 
and passive non-magnetic microwave circuitry used for self-
interference suppression in full-duplex radios. It is 
demonstrated that decreased efficiency is the price that needs 
to be paid for good transmitter-to-receiver isolation if same 
radio channel is used for transmission and reception.  
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Fig. 1. Efficiency as a function of channel correlation and isolation for: a) 

loss = -1; b) loss = 0.  


