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Abstract  A method for online dispersion monitoring by adding a single in-band subcarrier tone is 

introduced. According to the theoretical analysis, the dispersion monitor and measurement range are 
determined by the specific frequency of the subcarrier tone. By using simulation tools, figures about 
relationship between power of subcarrier tone and transmission distance in ideal condition are shown. 
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Optic-Fiber Dispersion mainly limits high bit rate 
and long-haul optical transmission systems. Many 
reasons bring the optic fiber dispersion, such as 
material dispersion, waveguide dispersion and 
polarized mode dispersion, and temperature variety [1~3]. 
With optical network developing, any change in route 
lengths will produce a different accumulation of 
dispersion. When the system is working, it is necessary 
to make a tunable dispersion compensation scenario 
which can monitor the actual data signal. So a flexible 
and effective dispersion online monitoring system can 
be proved beneficial.  

Now, the solutions of chromatic dispersion have 
been applied to the fixed compensation. These 
methods of dispersion monitoring can be achieved by 
actually electronic measurements, including 
eye-opening penalty, Q-factor, bit-error rate (BER), 
etc.[4~7]. However, these methods require electronic 
techniques that are fairly difficult to implement for 
higher data rates. So emerging technique is needed[8]. 

1  Theoretical Analysis 

Dispersion causes periodic power fading of a RF 
subcarrier tone after detection by a square law  
detector. Because that frequency-dependent disper-sion 
produces a deleterious time delay between the 
transmitted sidebands, it causes serious RF power 

fading. The phenomena can be used in real-time 
dispersion monitoring. Fig.1 shows the basic principle 
of RF fading of a subcarrier tone within the data band. 
The tone has a narrow spectral line-width that is less 
than a few megahertz. Since the tone is within the 
frequency band of the data, it experiences as the same 
dispersion as the data and can be used as a dispersion 
sensor. However, a phase difference will accumulate 
during transmission between the two sidebands as a 
result of the frequency-dependent fiber chromatic 
dispersion.  
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Fig1.  Principle of RF tone fading, and RF tone within  

          data band fades due to dispersion. 

Chirp parameter and small signal analysis: 
Light chirping is a parasitic property of 

intensity-modulated light. It originates in light emitters 
that produce a phase to shift the intensity. The electric 
field of the light wave is written as 

)](jexp[ IIE φ=              (1) 
where I is the light intensity and )(Iφ the phase of the 
electric field. For external modulator, such as 
directional coupler type, Mach-Zehnder type and 
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reflection type, the chip parameterα relates to how 
phase varies with intensity[9]
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note that the definition assumes small-signal 
conditions. α also depends on I, through bias voltage 
or bias current. According to Eq. (2), the electric field 
of the light wave is rewritten as 

2
j1 α+

= IE                  (3) 

which shows that the chirp parameter and the average 
dispersion of the dispersive medium can be found from 
the resonance frequencies. To do so, we perform a 
small-signal analysis of Eqs. (1) and (2). Assume 

0 (1 cos(2 ))scI I m f t= + π   m<<1       (4) 
where m is the modulation depth and f is the 
modulation frequency of light intensity. At first, we 
can spread out the Eq. (3) with Taylor's Series, and 
then assume to be equal to zero, so the series is 
approximately the series of exponential function 

0t

20 0
0 0 0 0

( ) ( )( ) ( ) ( ) ( )
1! 2!

E t E tE t E t t t t t
′ ′′

= + − + − +L  (5) 

    The electric field of the corresponding light wave 
is a periodic function of time and can thus be 
developed into a Fourier series as follows 

0exp( j ) exp( j2 )p
p

E t Aω
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=−∞
= ∑ scf tπ       (6) 

where 0ω  is the light carrier. Eq. (1) can be 
developed into a Fourier series by using Eq. (2) and (3). 
Developing E into an m power series yields the first 
three Fourier coefficients when restricted to the first 
power of m 
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which are the components of the electric field spectra 
for light wave at the output of the light emitter. 

Each component propagates in the dispersive 
medium with slightly different velocities. When 
different frequency transmits in the optic fiber, it will 
produce the different accumulating phase shift. we 
define the propagation constant as 
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β ω β β ω ω β ω ω′ ′′= + − + − +L   (8) 

in general, β ′′ (Note: 2 / 2D cλ− π ) will lead into 

detecting distortion[2]. D is the dispersion coefficient. 
So the propagation constant is  

2 2 2

0
2 sc

p
g

Dp fpf
v c

λ
β β±

ππ
= ± −        (9) 

where is the group velocity. The electric field of 
the light wave after the dispersive medium is 

gv

0exp( j ) exp j(2 )p sc
p

E t A f tω β
+∞

=−∞
= π∑ p L−    (10) 

where L is the optical fiber length of dispersion 
coefficient D. From the electric field spectra, one can 
find the component at frequency fsc of the light 
intensity by 
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                      (11) 
where a is the attenuation coefficient of optic fiber, and 
a constant being assumed. Substituting Eqs. (7) and (9) 
into Eq. (11) yields the frequency response which is 
measured by the set-up described above 
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We assume to use the Mach-Zehnder Modulator in 
system. So the chirp coefficient is zero [10], and we can 
simplify Eq. (12), as 
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2  Numerical Example 
We could know a built optic-fiber transmission 

system in which the optic-fiber distance, carrier 
wavelength, and optic-fiber parameters would be 
determined. So we only discuss the relation between 
the frequency of subcarrier tone and transmission 
distance. According to numerical calculating, we 
figure out the relationship between Ifsc and 
transmission distance when the frequency of tone is 8.3 
GHz. 

We use system model to plot Fig.2, and build a 
schematic in PTDS .  [11]

In PTDS，we design an optical transmission 
system in which the bit rate is 10 Gbit/s and the tone 
frequency is 8.3 GHz. Fig.3 shows frequency spectrum 
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at 8.28 GHz, and its amplitude is about 9.5 dBm.   

Laser E/O

Data RF ToneMultiplier

OF+OA

Receiver BPF

Signal Processing

Control
Signal

Fig.2  Setup used for dispersion monitoring using inband tone  

       as dispersion sensor 

 

11

0

−10

−20

−30

−40

−49

f /GHz
5       6        7        8       9       10

P/
dB

m

 
Fig. 3  Frequency Spectrum of RF Tone at 8.3 GH 

Fig.4 shows frequency spectrum of the data signal 
before and after added RF tone. We can find out that 
they are different near 8 GHz. 
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(a) Before added RF tone 
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(b) After added RF tone 

Fig. 4  Frequency spectrum of data signal 

    At the same time, we use Matlab  and calculate 
to get that 

TM

Fig.5 a is a result in ideal conditions but not 
fiber amplifier. We find out that Ifsc  would be changed 
periodically by transmission distance.In addition, we 
applied some advanced functions of PTDS. We got 
Fig.5b which figures out the power of subcarrier tone 
variation and fiber length from 1 km to 300 km.  
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 (a) In ideal condition  
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 (b) Using PTDS  to simulateTM

Fig. 5  Relationship between Transmission  

Distance and power of IfSC

3  Conclusions 

According to the numerical calculation and 
simulation result, Eq. (13) is valid to instruct system 
design. In addition, Fig.5a is different from Fig.5b, 
since system model includes nonlinear devices. And 
system noise makes distinct specification of cosine 
curve hazily. The dispersion monitor and measurement 
range are dependent on the specific frequency of the 
subcarrier tone. This technique is applicable to 
real-time dispersion monitoring and controlling of 150 
km optical transmission system at this period. 

        (Continued on page 36) 
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