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Abstract: Low-complexity transceivers offering high spectral efficiency and dispersion tolerance 

will be required for short-haul links operating at 100 Gb/s per wavelength and beyond. Recent 

developments in self-coherent transceivers are described and future research directions suggested. 
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1. Introduction 

Ongoing research focuses on developing optical transceiver technologies suitable for the short-reach fiber links 

(typically  80 km) used in metro and access networks, and interconnecting data center clusters. The simplest 

approach, intensity modulation with direct detection (IM/DD), offers limited information spectral density and suffers 

from penalties due to the chromatic dispersion of the fiber. Increased dispersion tolerance and ISD can be achieved 

using dual-polarization quadrature amplitude modulation (DP-QAM) with intradyne detection, however, at 

increased cost. An intermediate solution is the self-coherent approach, which offers some of the advantages of the 

coherent approach, but with reduced complexity and potentially lower cost. 

In this paper, this technology is reviewed, with some recent advances described, focusing on systems with low 

hardware complexity (single-polarization systems, with dual-drive Mach-Zehnder modulator-based transmitters and 

single photodetector receivers). 

2.  SSB modulation 

In self-coherent systems, an optical pilot tone is transmitted through the fiber together with the signal. Typically, the 

pilot tone is separated in frequency from the upper or lower edge of the signal spectrum, and acts as the phase 

reference at the receiver, allowing the amplitude and phase modulation of the signal to be detected through the 

beating between signal and pilot tone in the photodiode (i.e. heterodyne detection). Such signaling is also referred to 

as single-sideband (SSB) modulation, in which case the pilot tone is referred to as the optical carrier. This approach 

avoids the frequency-dependent fading that occurs with double sideband signals, caused by the chromatic dispersion 

of the transmission fiber. Electronic dispersion compensation (EDC) can be performed at the receiver, or, in the case 

of orthogonal frequency division multiplexing (OFDM), a cyclic prefix can be used to achieve dispersion tolerance. 

Key challenges are the generation of the signal and pilot tone, and the removal of the signal-signal beating terms 

which are generated during the photodetection. 

Fig. 1 shows three different transmitter configurations that have been used to generate SSB signals. In the first (Fig. 

1(a)), the signal is generated using a Cartesian IQ modulator, and the optical carrier is generated separately using a 

second IQ modulator, driven by sinusoidal signals with a 90 phase difference, to shift the laser output to the 

required frequency, at one side of the signal spectrum [1]. The signal and optical carrier are combined using a 

coupler before transmission. The second approach, shown in Fig. 1(b), makes use of a single Cartesian IQ 

modulator, which is used to simultaneously generate the signal and optical carrier. This has a lower complexity, 

though has the drawback of limiting the voltage swing that can be used for the signal modulation drive waveform, 

particularly in the case of signals with large carrier-to-signal power ratios (CSPR). The third approach (Fig. 1(c)) 

makes use of a single dual-drive Mach Zehnder modular (DD-MZM). This offers the lowest complexity, though has 

the drawback that the optical signal bandwidth is limited to approximately half that with the IQ modulator, for a 

given electrical bandwidth. Despite this limitation, it is a promising approach for compact, low-cost integrated 

transmitters. 

Surprisingly few experiments on multi-gigabit/s SSB signal generation using DD-MZMs have been reported. In [2], 

a 10 Gb/s SSB-NRZ signal was transmitted over 320 km of standard SMF and electronic dispersion compensation 

was performed at the receiver. This experiment used analog electronics for the Hilbert filtering in the transmitter and 

the EDC. With the subsequent advances in D/A and A/D converter and DSP technologies, it was proposed to 

implement this scheme using digital signal processing [3]. In [4], a DD-MZM was used to generate and transmit  



25 Gb/s SSB-Nyquist-pulse-shaped 16-QAM signals over 500 km of uncompensated standard SMF. In [5], 

throughputs of 110 and 105 Gb/s were achieved over 40 and 80 km, respectively, using SSB discrete multitone 

(DMT) generated with a single DD-MZM, and a throughput of 180 Gb/s over 13 km was reported in [6], using SSB-

duobinary-PAM-4. A summary of these experimental results is plotted in Fig. 2. 
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Fig. 1 SSB transmitter designs, using: (a) two IQ modulators, for data modulation and optical carrier generation, (b) a single 

IQ modulator for signal and carrier generation (with carrier frequency shifted), and (c) a dual-drive Mach-Zehnder modulator for 

signal and carrier generation (with optical carrier not frequency-shifted). xr and xi – real and imaginary parts of the signal, 

respectively.  

 

3.  Receiver linearization DSP 

Along with the signal generation, the linearization of the receiver also presents a challenge. Unless a large 

carrier-to-signal power ratio is used (which increases the required launch power, resulting in increased distortion due 

to fiber nonlinearity, and also increases signal-ASE beating noise), unwanted signal-signal beating terms need to be 
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removed. A number of DSP-based approaches have been proposed, the most effective of which is the Kramers-

Kronig (KK) algorithm [1,7,8]. 

To date, the use of a DD-MZM-based transmitter for SSB signal generation, combined with receiver 

linearization DSP, such as the KK algorithm, has not been demonstrated, but is one approach which can potentially 

achieve low complexity, high performance self-coherent transmission systems, with high spectral efficiency and 

dispersion tolerance. It may be possible to exceed the performance previously achieved, plotted in Fig. 2. Such low-

complexity systems would be attractive for future metro and access networks and inter-data center links.  
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Fig. 2 Experimental results (throughput per wavelength versus transmission distance) reported for dual-drive Mach-Zehnder 

modulator-based single-sideband self-coherent systems. 
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