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Abstract: A photonic approach based on phase modulation and optical sideband filtering for 
cancelling the RF self-interference in full-duplex communication system is proposed and 
experimentally demonstrated with good cancellation performance. 
OCIS codes: (060.2330) Fiber optics communications; (120.5060) Phase modulation; (130.7408) Wavelength filtering 
devices;  

1. Introduction

Compared with the time division duplex and the frequency division duplex, the full duplex  operation transmits and 
receives simultaneously in the same frequency band, which improves the spectral efficiency and enhances the 
throughput greatly. Therefore the full-duplex technique has broad applications in the fifth generation (5G) wireless 
communication and new satellite communication [1]. It has attracted more and more attention not only in academic 
community but also in industry [2]. However, due to the collocation of the transmitting and receiving antennas in the 
full-duplex system, the high power transmitted signal will interfere with the in-band weak received signal, which is 
known as RF self-interference. The conventional methods, such as notch filters or narrow bandpass filters cannot 
resolve this problem because the same frequency band is used for both transmitter and receiver. In the past few years 
electronic self-interference cancellation (SIC) methods including the RF cancellation and digital cancellation have 
been developed to remove the RF self-interference [3]. However, these methods always suffer from narrow 
bandwidth and low precision time delay 

To overcome the limitations in electronic SIC systems, we propose and demonstrate experimentally a novel 
approach for photonic RF SIC by using phase modulation and optical sideband filtering. In the photonic SIC system, 
the left sideband of the received RF phase-modulated signal and the right sideband of tapped RF phase-modulated 
signal are filtered out by a single optical filter. Due to the inherent out-of-phase property between the right and left 
sidebands of the filtered phase-modulated signals, the RF SIC is realized during the O/E conversion upon the PD by 
tuning the amplitude and delay time of the phase-modulated signal in the optical domain. Compared with the 
previous Mach-Zehnder modulator (MZM) based schemes [5]-[6], this approach avoids the complicated DC bias 
voltage control devices. It also has the capability for operating on the higher frequency range and wider bandwidth, 
compared with the direct modulation schemes [7]-[9]. The operation principle of the proposed scheme is analyzed 
and the feasibility is demonstrated experimentally.  

2. System structure and operation principle

The schematic of the proposed optical RF SIC system is shown in Fig. 1. Two lasers with different wavelengths of 
Ȝ1 and Ȝ2 are sent to two phase modulators PM1 and PM2, respectively. The received RF signal s(t)+i(t) from the 
receiver antenna, where s(t) is signal of interest and i(t) is interference signal, is modulated on the light wave of Ȝ1 
via PM1. The tapped RF signal r(t) from the transmitter (Tx), as the reference signal, is modulated on the light wave 
of Ȝ2 via PM2. Through a VOA and a TODL, the phase-modulated signal in the lower path is combined with the 
phase-modulated signal in the upper path via a 3dB optical coupler (OC) and fed to an optical filter (OF). After 
being filtered by the OF, the optical signals are input to the photo detector (PD).  

Due to the inherent property of phase modulation, the left and right sidebands of phase-modulated signal are 
out of phase as shown the spectra at point A and B in Fig. 1. The phase-modulated optical signals in the upper path 
and the lower path before the OF can be expressed as 
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where E1, E2 , fC1 and fC2 are the amplitude and frequency of the light waves from the two lasers; Į is the power 
attenuation coefficient of the VOA; Ĳ is the delay time of the TODL; Vʌ1 and Vʌ2 are the half-wave voltage of PM1 
and PM2, respectively; Vi and Vr are the amplitude of the interference signal and reference signal; fRF is the 
frequency of the RF signal. For simplicity, the signal of interest is not included in Eq. (1), which doesn’t affect the 
validity of the deduction. By using the Jacobi–Anger expansions, Eqs. (1) and (2) can be expressed as 
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where J0, J1 are the 0 and 1st-order Bessel function of the first kind. When deriving Eq. (3) and (4), only the 0- and 
±1st-order components are considered. The left sideband of the received RF modulated optical signal in the upper 
path and the right sideband of the tapped RF modulated optical signal in the lower path are filtered out by the OF. 
As shown the spectrum at point C in Fig. 1, the single sideband with carrier (SSB+C) optical signals are obtained 
and can be expressed as 
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The RF signals are recovered by the O/E conversion from the SSB+C optical signals upon the PD, and can be 
expressed as 
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where A1= 2ȡE2
1J0(m1)J1(m1) , A2= 2ȡĮE2

2J0(m2)J1(m2) , ȡ is the responsivity of the PD.  

As can be seen from Eqs. (7) and (8), when A1=A2, t=t’+Ĳ are realized by properly tuning the power attenuation 
coefficient Į of the VOA and the time delay Ĳ of the TODL, the recovered reference signal Iac2 cancels the recovered 
interference signal Iac1. The signal of interest is therefore obtained 
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Figure 1. (a) The structure of the proposed optical RF SIC system. (b) The spectra of the phase-modulated optical signals before (A and B) and 
after (C) the OF.  PM, phase modulator; VOA, variable optical attenuator; TODL, tunable optical delay line; OC, optical coupler; OF, optical 

filter; PD, photodetector; Tx, transmitter.  

3.  Experimental results and analysis 
With the established experimental setup, the feasibility of the proposed photonic RF SIC appraoch is 

demonstrated.  The RF signal from a signal generator (SG1, Agilent E8257D) is used as the signal of interest s(t). 
The RF signal from a second signal generator (SG2, Agilent E8267D) is split to two parts by an electronic 3dB 
splitter. One part is input to PM2 as the reference signal r(t) and the other part is used as the interference signal i(t). 
Figure 2(a) and 2(b) show the optical spectra of the phase-modulated signals (fRF=10 GHz) before and after the 
optical filter (OF), respectively. It can be seen that the single sideband with carrier (SSB+C) signals have been 



achieved by the OF. Therefore, the RF signals can be recovered by the O/E conversion from the SSB+C optical 
signals upon the PD.  
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Figure 2. The optical spectra of the phase-modulated signals (a) before and (b) after the optical filter 

In order to investigate the cancellation performance for RF signal with a certain bandwidth, the arbitrary (ARB) 
signal with a bandwidth of 20 MHz is modulated on the RF signal from SG2. A 10 GHz single tone signal with a 
power of -40 dBm from SG1 is used as the signal of interest. With the laser source of Ȝ2 being turned off, a strong 
interference signal is observed in the electrical spectrum as shown the red/dash curve in Figure 3(a). Then, by tuning 
on the laser source of Ȝ2, the 20 MHz bandwidth interference signal is suppressed greatly with a cancellation depth 
as high as 34 dB and the desired 10 GHz signal is maintained, as shown the blue/solid curve in Figure 3(a). The 
cancellation performance for bandwidth of 50 MHz and 100 MHz are also investigated and the results are shown in 
Figure 3(b) and 3(c), with cancellation depth of 30 dB and 25 dB, respectively, illustrating the capability of the RF 
SIC for wider bandwidth. 
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Figure 3. The output RF spectra of an interference signal bandwidth of (a) 20MHz, (b) 50MHz and (c) 100 MHz with and without cancellation. 
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