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Abstract 
We demonstrate a novel in-line chromatic dispersion 
monitoring scheme for 100Gbit/s RZ-DQPSK signal 
based on delay tap sampling and asymmetry ratio 
evaluation. This scheme can differentiate positive and 
negative residual chromatic dispersion. 
Introduction 
The rapid increase of internet traffics has created the 
need to migrate current predominately 10Gbit/s optical 
transmission systems to 40Gbit/s or 100Gbit/s systems. 
One modulation format often employed in these higher 
speed transmission systems is differential quadrature 
phase shift keying (DQPSK). In such a high speed 
DQPSK based system, the system performance is often 
a strong function of residue chromatic dispersion (CD) 
at the receiver. As a result, an effective CD monitoring 
scheme is very important. Several CD monitoring 
methods have been proposed [1-3]. Such as amplitude 
sampling histogram method and RF pilot tone method. 
Delay tap sampling has been proposed for 
multi-parameter monitoring of OOK system. This 
method uses a delay tap line so that a pair of data could 
be obtained during one sampling process. Because the 
data pair obtained are from the same data pulse or the 
adjacent pulses, they can reflect the pulse shape 
information which has a strong relationship with the 
transmission impairments. However, all these CD 
monitoring schemes mentioned above can not 
differentiate positive and negative residual CD. In this 
paper, we propose a new CD monitoring method based 
on delay tap sampling method. The effectiveness of the 
scheme has been demonstrated through simulation for a 
100Gbit/s DQPSK system and the results show that 
this scheme can be used to differentiate positive and 
negative residual CD 

Simulation Setup and Principle 
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Fig.1 Experimental setup for delay-tap sampling (SMF: single mode 

fiber; EDFA: Erbium doped fiber amplifier) 

The simulation configuration for a 100Gbit/s 
RZ-DQPSK signal residual CD monitoring system is 
shown in Fig.1. The setup includes the 100Gbit/s 
RZ-DQPSK transmitter module, fiber link, optical filter, 
100Gbit/s RZ-DQPSK receiver module, delay tap 
sampling module and data processing module. In the 
delay tap sampling module, the demodulated 
RZ-DQPSK signals are split to two channels and one 
channel is delayed by 1/2 symbol period relative to 
another channel to realize the delay tap sampling 
process. Both channels of sampled signals are 
converted to digital signals. Then, the obtained data 
information is processed in a data processing module. 
The delay tap sampling generates a data pair in a single 
sampling process so that it can reflect the waveform 
distortion caused by impairments in fiber link. 
Asynchronous sampling can be used for delay 
sampling module in our configuration, so trigger signal 
is not needed and this means it can avoid clock 
recovery. Bit rate transparency and modulation format 
transparency can be realized in practice.  

The delay tap plots for back-to-back (BTB) 
transmission with ±16ps/nm, ±24ps/nm and ±32ps/nm 
residual CD are shown in Fig.2 (a), (b), (c), (d), (e), (f) 
and (g) respectively. We can find from Fig.2 that the 
delay-tap plots is symmetric against line y=x as there is 
no residual CD. Delay-tap plots will become 
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asymmetric against line y=x when there is residual 
dispersion and the asymmetric ratio will increase with 
the increase of residual CD. In addition, delay-tap plots 
will flip against line y=x depending on if the residual 
CD is negative or positive. To quantify this, we need to 
find a parameter to define the asymmetry ratio of the 
delay tap plots to represent different residual CD. 

 
(a) 0ps/nm 

    
      (b) 16ps/nm            (c) -16ps/nm 

          
     (d) 24ps/nm              (e) -24ps/nm 

      
    (f) 32ps/nm               (g) -32ps/nm 

Fig. 2 Delay tap plots with different residual CD 

We first find the point ),( 00 yx  in Fig. 1 (f) 

which has the longest distance to the line xy =  
when yx < , followed by computing the distance of 

all the points in the circle with center ),( 00 yx and 

radius of r (r=0.1 was used) 0L  is then used to 

represent the maximal deviation for yx <  through 

computing the average distance of all these points to 

the centre. Similarly, we can obtain the value of 1L  to 

represent the maximal deviation for yx > . We then 

define an asymmetry ratio to represent the symmetry 
deviation of delay-tap plots against the line xy =  as 

Asymmetry_ratio=L1/L0         (1) 

Simulation Results and Discussions 
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Fig. 3 Simulation Result of asymmetry ratio vs. residual CD 

Fig. 3 shows the asymmetry ratio of delay-tap 
plots with different residual CD, which ranges from 0.7 
to 1.3 as the residual CD change from -32ps/nm to 
32ps/nm. We can find from Fig.3 that the asymmetry 
ratio increases with the residual CD monotonously. 
This indicates that this method can be used to measure 
small residual CD and also differentiate the positive 
and negative residual CD. In our simulation, since there 
is no bandwidth limitation components residual CD 
within, ±16ps/nm does not induce obvious degradation 
to the waveform and eye diagram. But in the 
experiment, the degradation of waveform and eye 
diagram induced by ±16ps/nm residual CD is obvious 
and thus asymmetry ratio method can also be used to 
differentiate residual CD within the range of ±16ps/nm.  
Conclusions 
In this paper, we demonstrate a simple CD 
monitoring scheme by evaluating the asymmetry 
ratio of the delay tap plots of 100Gbit/s RZ-DQPSK 
signal. Residual CD of all WDM channels can be 
monitored simultaneously based on this scheme.  
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