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Abstract
The full-duplex scheme has high spectral efficiency because it performs transmission and reception simultaneously
in the same frequency band. However, as using the same frequency band for the transmitter and the receiver, high
isolation characteristics between the transmitter and receiver are required. If isolation characteristics are not
sufficient, a relatively high power transmitting signals leak into the receiver and cause unwanted interferes or
abnormal operations. The circulator is mainly used to increase the isolation between the transmitter and the
receiver. Transmission and reception operations with one antenna using a circulator can cancel out the transmission
leakage signals at the receiver by using a cancellation path between the transmitter and the receiver[1]. Typically,
the RF front-end requires a 60 dB isolation. However, when the circulator is used, the reflected transmitting signals
from the antenna is directly transferred to the receiver according to the return loss characteristic of the antenna.
The reflected signals from the antenna are unneglectable, and the broadband isolation characteristic is degraded
due to the typical narrowband reflection characteristic of the antenna.
This paper presents a return loss equalizer using a non-reciprocal device to improve the isolation characteristics of
full-duplex RF front-end according to the reflection characteristics of antennas. The proposed circuit consists of a
3-dB Wilkinson power divider and two circulators. One terminal of a 3-port circulator is open or short-circuited to
implement a 2-ports non-reciprocal circuit. The output of the Wilkinson power divider is delivered to the antenna
using the respective open and shorted 2-port non-reciprocal circuits. In this case, the forward transmission
characteristics are 180 degrees phase difference with each other, and the reverse transmission has the same
transmission characteristic. As a result, the signals reflected from the antenna after forwarding transmission are
recombined in the Wilkinson power divider through reverse transmission and canceled out each other. In the
receiving process, since only the reverse transmission is performed from the antenna, two received signals are
combined in the Wilkinson power combiner. The more than 20 dB return loss bandwidth of patch antenna is 32
MHz at 2.14 GHz. Proposed circuit has 140 MHz broadband return loss characteristics. Therefore, the proposed
circuit can be used to improve the broadband cancellation characteristics in full-duplex RF front-end.
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