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Abstract: We demonstrate heterodyne detection of 10-Gb/s signals, and subsequent linear 
compensation of fiber chromatic dispersion in the microwave domain.  We achieve 375-km 
transmission (with 2-dB penalty) over standard single-mode fiber using duobinary modulation and 
a single passive microwave dispersion-compensating element. 
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1. Introduction 

Recently, there has been intense interest in extending the reach of 10-Gb/s transmission systems without the use of 
dispersion-compensating fiber (DCF) or other optical elements.  One technique is the use of advanced dispersion-
tolerant modulation formats such as duobinary [1,2].  Another technique is to apply maximum-likelihood sequence 
estimation (MLSE) and other digital electronic signal-processing techniques after square-law detection in the 
receiver [3,4].  Typically, at the forward-error-correction (FEC) rate of 10.7 Gb/s, 200 km of standard single-mode 
fiber (SSMF) can be bridged using a combination of these methods.  More recently, pre-distortion of the transmitted 
waveform through signal processing techniques has been proposed to compensate the effects of fiber dispersion [5].  
By adjusting the pre-distortion, it is possible to accommodate varying amounts of dispersion.  However, if this 
process is to be automated, it has the disadvantage of requiring knowledge of the channel (dispersion in the fiber 
path) at the transmitter.  This information may have to be fed back to the transmitter from the receiver.  Moreover, 
finite laser linewidths may act unfavorably on this technique [5].  A receiver-only dispersion-compensation 
approach avoids these problems. 

In this paper we report a simple linear dispersion-compensation strategy that is applied at the receiver, and can 
be combined with receive-side digital signal-processing techniques.  We use heterodyne detection to translate the 
optical spectrum into the microwave regime.  A passive, linear dispersive element is then used to compensate for 
fiber dispersion.  Coherent detection was vigorously studied over a decade ago [6].  At that time, compensation in 
the microwave domain of a small chromatic dispersion penalty in a 4-Gb/s frequency-shift-keyed (FSK) 
transmission system was demonstrated [7].  However, with the arrival of optical amplifiers and DCF, work in this 
area was largely abandoned.  Presently, advances in laser stability, electronic amplifiers, and microwave devices and 
materials make coherent detection of high-speed optical signals much more practical.  Simultaneously, there has 
developed a desire to compensate chromatic dispersion without the cost and disruption of DCF installation, as well 
as a need to accommodate variations in chromatic dispersion of the disjoint paths within optical networks.  The 
technique reported here is well suited to these tasks.  Heterodyne detection can be applied to various modulation 
formats [6].  Here we demonstrate coherent detection and dispersion compensation of both non-return-to-zero 
(NRZ) and duobinary signals after transmission through SSMF.  Using a fixed dispersive microstripline, the 
dispersion of 220 km of fiber (3750 ps/nm) is compensated.  This allows 170- to 270-km NRZ transmission with 
≤ 2-dB penalty, while the duobinary format provides an impressive 100- to 375-km transmission range.  By 
combining duobinary transmission and a coarse, stepwise compensation approach, it is possible to accommodate a 
wide range of dispersion values. 

2. Transmission Experiment 

In order to explore the performance of coherent detection, a 10.7-Gb/s (FEC rate) transmission system was 
assembled, as shown in Fig. 1.  The transmitter employed an x-cut, nominally chirp-free LiNbO3 Mach-Zehnder 
modulator, and was driven by a 10.7-Gb/s NRZ electrical pseudo-random bit stream (PRBS) of length 223 – 1.  To 
obtain NRZ optical modulation, the modulator was biased at quadrature and the peak-to-peak electrical drive voltage 
was set to Vπ.  To obtain the duobinary format, the modulator was biased at a null, a 3.0-GHz electrical filter was 
added in the drive-signal path, and the peak-to-peak electrical drive voltage was increased to 2 Vπ.  The optical 
signal source was a distributed-feedback (DFB) laser operating at a wavelength of 1551.72 nm (193.2 THz). 
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Fig. 1. Experimental layout. 
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Figure 4.  Back-to-back sensitivity as a function of IF. 
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Figure 3. Electrical IF NRZ and duobinary spectra. 
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the inset.  Note that the coherently detected eye appears more low-pass filtered, due to the limited bandwidth (DC-8 
GHz) at the output port of the microwave mixer. 

We next conducted NRZ transmission experiments.  Using direct detection, a 2-dB dispersion penalty was 
reached at less than 60 km, as shown in Fig. 6.  Using coherent detection and electrical dispersion compensation, 
distances of approximately 170-270 km could be bridged with ≤ 2-dB penalty relative to the performance at the 
optimum distance of 220 km.  Also shown in Fig. 6 are results for direct detection and coherent detection of a 
duobinary signal.  Direct detection demonstrates the well-known robustness against dispersion.  Similarly, coherent 
detection and electrical dispersion compensation of the duobinary signal exhibits a wide tolerance to dispersion.  
Distances of 100-375 km (dispersion of 1720-6450 ps/nm) could be bridged with ≤ 2-dB penalty.  By using the 
duobinary format with coherent detection, it is possible to cover a large range of fiber dispersion values by choosing, 
or automatically switching, among a few passive microwave compensators. 

3. Conclusion 

We have demonstrated the use of coherent detection to allow linear compensation of fiber chromatic dispersion in 
the microwave regime.  Using a single passive element, we compensated the dispersion of 220 km of standard 
single-mode fiber, allowing us to achieve 10.7-Gb/s, 170- to 270-km NRZ transmission, and 100- to 375-km 
duobinary transmission with ≤ 2-dB penalty.  This technique is applicable to other modulation formats, and can 
easily be extended to higher values of dispersion by shifting the dispersion-penalty curve to higher values, in 
complete analogy to transmit-side pre-distortion.  Duobinary signaling combined with this electrical dispersion 
compensation is especially significant, as a small selection of simple, low-cost, and passive microwave 
compensators can cover a wide range of dispersion, without the need for high-speed digital signal processing. 
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Figure 5. NRZ back-to-back performance.  Insets: Eye diagrams. 

8

10

12

14

16

0 50 100 150 200 250 300 350 400

Distance (km)

O
SN

R
 fo

r B
ER

=1
e-

3

Figure 6. Transmission performance for NRZ (circles) and 
duobinary (squares). Open markers: direct detection. Solid 
markers: coherent detection with dispersion compensation. 
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