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Abstract

Optical network faces increasing challenges with the development of
telecommunication demand. The fiber must carry much more transmission channels with
higher optical power and transmission rate and it causes higher dispersion. At present,
people have proposed some technical solution for this problem, including the dispersion
compensation fiber (DCF), midpoint spectral inversion, dispersion managed transmission,
chirped fiber grating (FBG), and so on. But algorithm with higher compensating
efficiency is still needed. In this paper, we propose a modified algorithm to compensate
the dispersion. With the simulation method, we obtained the characteristics of dispersion
and dispersion slope with the variation of wavelength λ, and some useful conclusion has
been acquired. With the increasing of wavelength λ, dispersion and its slope coefficient
have different variation disciplinarian. From the simulation results, we can verify the
conclusion that it needs to optimize the design of the structure of optical fiber if we want
to compensate the dispersion and dispersion slope simultaneously.
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1. Introduction
With the development of optical devices [1-3] and system technology, optical network
is facing increasing challenges. The fiber will carry much more transmission channels,
higher optical power, higher transmission rate, longer distance. At the same time, pulse
becomes more and more narrow. Higher dispersion [4-6] will cause serious broadening
and distortion and produce intersymbol interference. This will increase the bit error rate of
the receiver and hindered the development of high-speed optical fiber systems. Dispersion
of optical fiber has become the main obstacle in capacity upgrading for optical fiber
system, and how to solve this problem has become a hot research topic.
In optical fiber transmission, signal transmission rates of different frequency are
different, and there will be different time delay  after the same transmission distance,
which will lead to different  . The bigger time delay difference, the more seriously of
the dispersion. The specific performance is that the optical pulse has been broadened in
the transmission process in the optical fiber. So the dispersion is always measured with
the group delay per unit length.
At present, people have proposed some technical solution for this problem, including
the dispersion compensation fiber (DCF), midpoint spectral inversion [7], dispersion
managed transmission [8-9], chirped fiber grating (FBG), and so on.
In this paper, a new compensation algorithm has been proposed. And the main
contribution is the proposition of the new method to compensate for the optical fiber. The
remainder of the paper is organized as the following: compensation methods are listed in
section 2. Modified compensation method is shown in section 3. Simulation and analysis
are given in section 4. And the conclusion is described in section 5.
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2 Dispersion and Compensation Methods
Figure 1 and figure 2 shows a kind of pulse and its broadening characteristics.

Figure 2. Gauss Pulse

Figure1. Gauss Pulse Broadening Induced by Dispersion in Optical Fiber
The basic principle of dispersion compensation for optical fiber transmission is offset
the dispersion by one or more large negative dispersion to compensate the accumulated
dispersion, and then the total amount of dispersion of the system will be decreased. The
most conventional methods of dispersion compensation are: dispersion compensation
fiber (DCF), chirped fiber grating, electronic dispersion compensation technology, and so
on.
(1) Dispersion compensation fiber (DCF) [10-13]
The conventional DCF is the most common technology used in the compensation of
dispersion communication system, and the development is quite mature. DCF is a passive
device with flexible and convenient installation, and it can realize the compensation for
broadband dispersion, first order dispersion, the second order dispersion. It also can be
compatible with standard single mode fiber at 1310nm. If proper control is given to its
mode field diameter and improve welding technology, DCF can obtain small insertion
loss. It is part of the focuses of current research.
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The concept of DCF was first proposed in 1980, successful application of EDFA
(Erbium-doped Optical Fiber Amplifier) in communication system has accelerated the
development of DCF. DCF is also from the matched clad type to multi cladding refractive
index profile. Multi cladding structures can acquire high negative dispersion and negative
dispersion slope. At the same time, it can reduce the bending loss. The quality factor DCF,
which is defined as the ratio of absolute value of dispersion coefficient and attenuation
coefficient, is higher and higher. In order to obtain DCF with large negative dispersion
coefficient, waveguide dispersion must be controlled. There are now a large number of
commercial DCF used in the compensation for dispersion of C band and L band
transmission in G. 652 optical fibers.
In the long distance optical cable transmission system, Dispersion Compensation
Modules (DCM0, which are made up of DCF, are usually configured at each (some)
output end to offset the transmission fiber dispersion. Dispersion compensation
technology, which almost just used a section of DCF, exists in certain aspects the flaw. So,
it promotes some new technologies, such as manageable dispersion compensation module
(M2DCM), and so on.
The basic compensation principle is described as follows. Dispersion and dispersion
slope compensation of transmission fiber can be compensated according to select the
appropriate length of DCF. It should meet the demand of the follows:
(1)
D(S ) L  DC (S ) LC  0
Where, D( S ) , and DC (S ) are dispersion coefficient of optical fiber and DCF at the
working wavelength of S ; L and Le are the corresponding length, respectively
Compensation ability of DCF on the transmission fiber dispersion slope can be
expressed by relative dispersion slope, which can be defined as follows:

RDS 

S
D

(2)

Where, RDS is the relative dispersion slope; S  and D  are dispersion slope and
dispersion coefficient of fiber at a wavelength, respectively. Ideally, when DCF and
optical fiber RDS are equal, full compensation for fiber dispersion slope can be realized.
This is to say that:
(3)
S/D  Sc / D c
Where, S and D are dispersion slope and dispersion coefficient of the optical fiber;
Sc and D c are dispersion slope and dispersion coefficient of DCF;
When DCF is selected, both dispersion coefficient and attenuation coefficient must be
taken into consideration. The Figure of Merit can be defined as follows:

FOM 

Dc

c

(4)

Where, D c and  c are negative dispersion coefficient and attenuation coefficient of
DCF.
(2) Fiber Bragg grating (FBG) dispersion compensation [14-17]
Fiber Bragg grating (FB G) dispersion compensation is proposed in 1982 by F.
Ouellette. The chirped Bragg gratings are used as reflective filter to compensate
dispersion. However, further application is in the development of the manufacturing
process. An advantage of chirped fiber grating compensation method is the device with
miniaturization, compactable structure, low insertion loss and nonlinear effects,
insensitive to the polarization, and so on. It also can be dynamically adjusted by stress or
temperature. Chirped fiber grating is one of the devices to effectively compensate the
dispersion. The principle is as follows: when the pulse cross through the linear chirped
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fiber grating, time delay of light with a short wavelength is longer than that of light with
longer wavelength, and this just plays the role of dispersion equalization to realize the
dispersion compensation. Predominant FBG dispersion compensation module is used in
multi-channel FBG technology. With the development of the new technology, the more
vitality products have been developed with strong adaptability.
Here, we give the basic principle of the FBG. The refractive index can be described as
follows:
(5)
n( z )  no  n( z ) cos(z  ( z ))
Where, n0 is the refractive index of core region with no disturbance;

n(z )

represents the refractive index perturbation;   2 /  0 is a spatial frequency of FBG;

 0 is the period of FBG at the midpoint.
For linear FBG,



z

0

B( z ' )  2z  ( z )

(6)

Where, z is the detuning of propagation constant. Define the local reflective constant
of FBG as follows:

 ( z) 

R( z )
exp( j )
T ( z)

(7)

Then we can get Riccati differential equation:

 '  K ( z )(1   2 )  j2  ' ( z )

(8)
Combined with the response of reflectance spectrum, we can get the reflectance
spectrum characteristics and delay characteristics of linear FBG.
(3) Photonic crystal DCF [18-21]
Photonic crystal fiber (PCF) is a new research field, and it has 3 advantages. Firstly,
single mode transmission can be supported over a wide range of frequencies; Secondly,
area of fiber core can be changed in order to weaken or strengthen the fiber nonlinear
effects; Thirdly, dispersion and dispersion slope can be flexibly designed to provide
broadband dispersion compensation. PCF can bring the wavelength with no dispersion
below 1 m . This is because the PCF is made of the same material, and refractive index
of the core and cladding will not be restricted to the material incompatibility. Besides, the
mechanical and thermal properties of the core and cladding can be completely matched.
Mode characteristics of PCF changed rapidly with the variation of wavelength. It can get
a larger dispersion in a wide wavelength range and realize the anomalous dispersion.
(4) EDC [22-25]
EDC technology has gradually attracted more attention due to its advantages of
miniaturization, low power and low cost. EDC is based on electronic filter technology for
fiber dispersion compensation. It can effectively adjust the received signal waveform
according to sample in an electric field, software optimization and signal recovering to
achieve the effect of dispersion compensation. In actual application, the most common
use is the feed forward equalizer (FFE) and decision feedback equalizer (DFE) in order to
realize the adaptive EDC. EDC is not only cheaper than the optical dispersion
compensation technique, but also used with cheap laser. The EDC modules are generally
located at the receiver of the transceiver and eliminate dispersion according to the
conversion between photo and electric.

3. Compensation Methods
In order to meet the demands of broadband transmission, compensation for dispersion
slope should be also considered when compensation for dispersion is given. One of the
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methods for dispersion compensation is the dispersion compensation fiber. We will give a
modified method based on the PCF.
We can get the characteristic equation of cladding space filling mode as follows:

1  n2 2
I 2 (wr) 1 wr  n22 
f ( w, u ) 
1  2  g (u )  wr  1  22  g 2 (u ) 



I1 (wr) wr 2  n1 
n12 
 4  n1 

Where,

g (u ) 

1/ 2

 0 (9)

1 J 0 (ur)Y1 (uR)  Y0 (ur) J 1 (uR)
1
 2 2
wr J 1 (ur)Y1 (uR)  Y1 (ur) J 1 (uR) u r

(10)

1  1
1  n22 n12 



 
r 4  u 2 w 2  u 2 w 2 

(11)

f ( w, u ) 

Where, n1 and n2 are refracted index of air and quartz medium. Generally n1 is often
set with a value of 1.0. Take the material dispersion into consideration, n2 is often
calculated by Sellmeier formula. R is determined by the equal area method, and R is set
with the value of 0.525A. The parameters of w and u meet the demand of conditions
described as follows:

w u 
2

2

w2 
u 
2

 2 n22  n12 

 2 neff2
c

c2
 n12

(12)



(13)

2

 2 n22  neff2 

(14)

c2

And then, we can get the principle of effective refractive index with the variation of
optical frequency for cladding mode according to the numerical solution.

neff ( ) 

n22  u 2 ( )c 2

(15)

2

Vector method is used to solve the waveguide mode and dispersion characteristics.
Characteristic equation can be obtained as follows:

n 2   1 J m (U ) 1 K m (W ) 
1  n2
 1
m 2  2  2   12  22   


W  U
W  U J m (U ) W K m (W ) 
U
 n12 J m (U ) n22 K m (W ) 



U  J m (U ) W K m (W ) 

(16)

If set m  1 , then we can get the characteristics function followed by base mode in the
optical fiber.

J 0 (U ) 1 U  n22
  1 
J 1 (U ) U 2  n12
U

2

 1
K 0 (W ) 
  2 

W  K1 (W ) 
 W

 n22
1  2
 n1

2

2

  1
K 0 (W ) 
   2 
  4 F (U ,W )
W  K1 (W ) 
 W

(17)

According to the optics principle of waveguide, coefficient of fiber group velocity
dispersion can be calculated by:

D
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This function includes the material dispersion, waveguide dispersion and profile
dispersion. And then we can get the relationship between fiber dispersion slope D slop
with wavelength variation as follows:

dD
1 dD
 2
(19)
d
 d
Since the dispersion coefficient of fiber D varies with the variation of wavelength. In
Dslop 

order to meet the needs of broadband dispersion compensation, compensation for both
dispersion and dispersion slope coefficients should be process at the same time. Then, the
compensation condition for broadband dispersion can be described as follows:
(20)
D1L1  D2 L2  0

Dslope L1  Dslope2 L2  0

(21)

1

Where L1 D 1 and D slope1 are optical fiber length, dispersion coefficient and dispersion
slope coefficient L 2 D 2 , and D slope2 are compensated optical fiber length, dispersion
coefficient and dispersion slope coefficient. Then, length of compensating fiber for
dispersion should meet the demand of L 2  

D1 L1
. Consider the dispersion coefficient
D2

and dispersion slope coefficient, we can get the follows:

D1
D2

Dslope1
Dslope2

(22)

In order to describe the relationship between D and D slope , a new parameter has been
defined as follows:



D
D slope

(23)

It is used to represent the ability of device to compensate for the dispersion and
dispersion slope. Generally, requirements for dispersion compensation fiber have the
same or close value of  with that of optical fiber needed compensation.

4 Simulation and Analysis
Three different ways are used to investigate the main factors influencing the dispersion
compensation characteristics of photonic crystal fiber. Parameters of air hole pitch A and
cladding air hole radius r are adjusted to get the aim.

Figure3. Variation Curve of Dispersion Value D with the Wavelength λ
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Figure4. Variation curve of dispersion slope Dslope with the wavelengthλ

Figure 5. Variation Curve of Dispersion value D with the Wavelength λ

Figure6. Variation Curve of Dispersion Slope Dslope with the Wavelengthλ
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Figure7. Variation Curve of Dispersion Value D with the Wavelength λ

Figure 8. Variation Curve of Dispersion Slope Dslope with the Wavelengthλ

Figure9. Variation Curve of κ with Variation of Air Hole Radius
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Figure 10. Variation Curve of κ with Variation Cavitation Pitch A
From the figure 3 and 4, we can see that dispersion coefficient first decreases and then
increases with the increasing wavelength λ. Dslope decreases with the increasing of the
wavelength λ.
Figure 5 and 6 gives the characteristics of dispersion when keep the cladding air
dispersion rate as constant. With the increasing of the wavelength λ, dispersion D and
dispersion slope Dslope decrease gradually.
Figure 7 and 8 shows the characteristics of dispersion when keep the air hole radius as
constant. With the increasing of the wavelength λ, dispersion coefficient increases firstly
and then decrease and variation of dispersion slope coefficient has just the contrary trend.
Figure 9 and 10 shows variation of κ. We can change the structure of the photonic
crystal fiber to change the value of κ in a large range.

5. Conclusion
Optical network faces increasing challenges with the development of
telecommunication technology optical devices and system. The fiber will carry much
more transmission channels with higher optical power and transmission rate. Higher
dispersion causes serious broadening and distortion to lead to bit error. Dispersion of
optical fiber has become the main obstacle.
In this paper, we propose a modified algorithm to compensate for the dispersion. With
the simulation method, we obtained the characteristics of dispersion and dispersion slope
with the variation of wavelength λ, and some useful conclusion has been acquired. From
our simulation results, we can verify the conclusion that it needs to optimize the design of
the structure of optical fiber if we want to compensate for the dispersion and dispersion
slope simultaneously.

References
[1] N. H. Trung, F. Coraline, F. Julien, A. Guy and O. Jean-Louis, “Characterization in intensity and phase of
a passive all-optical device based on saturable absorbers for high bit rate 2R regeneration”, European
Conference on Optical Communication, (2010).
[2] W. Li and W. Zhi, “An advanced semiconductor optical device's simulator implemented by objectoriented programming”, International Conference on Information and Computing Science, ICIC, (2009).

Copyright ⓒ 2015 SERSC

243

International Journal of Future Generation Communication and Networking
Vol. 8, No. 3 (2015)

[3] W. S. Fegadolli, F. Liang, M.-U-R. Muhammad, J. E. B. Oliveira, V. R. Almeida and Scherer, “Axel
Experimental demonstration of a reconfigurable silicon thermo-optical device based on spectral tuning
of ring resonators for optical signal processing”, Optics Express, vol.22, no.3, (2014), pp.3425-3431.
[4] Z. Jilin, W. Rong, P. Tao, L. Lin, F. Tao, S. Yang, L. Ling, Y. Qian and C. Xiangfei, “Dispersioncompensating en/decoder for a time-spreading/wavelength-hopping optical code-division multiplexing
(OCDM) system”, Optica Applicata, vol.43, no.3, (2013), pp.485-495.
[5] Y. Shi, “Research on the dispersion problem in high speed optical communication systems”, 2011 2nd
International Conference on Artificial Intelligence, Management Science and Electronic Commerce,
AIMSEC 2011 - Proceedings, (2011).
[6] C. Chao-Liang, G. Wan-Rong and B. Hai-Yi, “A method to improve precision and sensitivity of
dispersion compensation in Fourier domain optical coherence tomography”, Acta Photonica Sinica,
vol.43, no.2, (2014).
[7] R. I. Laming, D. J. Richardson, D. Taverner, D. N. Payne, “Transmission of 6 ps linear pulses over 50 km
of standard fiber using midpoint spectral inversion to eliminate dispersion”, Journal of Quantum
Electronics, vol.30, no.9, (1994), pp.2114-2119.
[8] A. Royset, S. Y. Set, I. A. Goncharenko and R. I. Laming, “Linear and non-linear dispersion
compensation at ultra-high data rates using mid point spectral inversion”, IEE Colloquium (Digest),
vol.110, (1995), pp.11/1-11/5.
[9] X. Cen, L. Xiang, S. Chandrasekhar, N. K. Fontaine, Z. Likai and G. Li, “Multi-channel nonlinearity
compensation of 128-Gb/s PDM-QPSK signals in dispersion-managed transmission using dispersionfolded digital backward propagation”, Optics InfoBase Conference Papers, Optical Fiber
Communication Conference, (2014).
[10] L. Hsiu-Sheng and L. Po-Chou, “High raman gain of dispersion compensation fiber using RZ-DPSK
format for long-haul DWDM transmission system”, Microwave and Optical Technology Letters, vol.52,
no.11, (2010), pp.2548-2551.
[11] D. Bizhi, Z. Zaixuan, L. Laixiao, X. Haifeng, G. Dan, L. Honglina, W. Jianfeng, L. Chenxia, L. Tiao, I. S.
Kim, “Study and manufacture of gain flattened S-band distributed dispersion compensation fiber Raman
amplifier”, Proceedings of SPIE - The International Society for Optical Engineering, (2006); pp.6027 I.
[12] S. Hao, Y. Shen, Z. Jing, R. Qiangzhou, L. Lei, X. Qinfang, X. Guanghua, F. Dingyi, D. Yanying, F.
Zhongyao, Q. Xueguang and H. Manli, “Temperature and refractive index sensing characteristics of an
MZI-based multimode fiber-dispersion compensation fiber-multimode fiber structure”, Optical Fiber
Technology, vol.18, no.6, (2012), pp. 425-429.
[13] J. Nagesh and J. Vijay, “Dispersion compensation fiber using square hole PCF”, ICCSP 2011 - 2011
International Conference on Communications and Signal Processing, (2011).
[14] O. Philip, P. Alan and N. Pawe, “Interferometric time division FBG interrogator and multiplexer
with static, dynamic, and absolute wavelength measurement capabilities,” Proceedings of SPIE The International Society for Optical Engineering, (2012).
[15] Y. Yanzi, W. Jihui, L. Han, S. Jiuxiao and J. Yundong, “Preparation of OMMT/EA hybrid coating with
high temperature resistance for FBG sensors”, Acta Materiae Compositae Sinica, vol.30, no.1, (2013),
pp.62-66.
[16] Q. Chuan, Z. Jianlin, J. Biqiang, R. Abdul, W. Donghui and Y. Dexing, “FBG interrogation method
based on wavelength-swept laser”, Proceedings of SPIE - The International Society for Optical
Engineering, (2013).
[17] M. Sunish, S. Yuliya, R. Ginu and F. Gerald, “Discretely tunable ferroelectric liquid crystal filter for
demodulation of multiple FBG sensors”, Proceedings of SPIE - The International Society for Optical
Engineering, (2008).
[18] W. Jingyuan, J. Chun, H. Weisheng, G. Mingyi and R. Hongliang, “Dispersion property of triplecladding photonic crystal fiber”, Proceedings of SPIE - The International Society for Optical
Engineering, (2005).
[19] C. Jianhua, L. Chuanqi and W. Xuhua, “Analysis of dispersion characteristic in photonic crystal fibers
based on FDTD method”, Chinese Journal of Lasers, vol.35, no. 2, (2008), pp.124-127.
[20] C. Zilun, X. Xiaoming, Z. Wenjing, H. Jing and J. Zongfu, “Low-loss fusion splicing photonic crystal
fibers and double cladding fibers by controlled hole collapse and tapering”, Journal of Lightwave
Technology, vol.29, no.24, (2011), pp.3744-3747.
[21] L. Ying, W. Jingyuan, L. Yuquan, W. Rong, L. Jianhua and X. Xiaogang, “A novel hybrid photonic
crystal dispersion compensating fiber with multiple windows”, Optics and Laser Technology, vol.44,
no.7, . (2012), pp.2076-2079.
[22] A. Mazzoni, V. Angeloni, F. M. Apolonio, N. Scotti, L. Tjäderhane, A. Tezvergil-Mutluay, R. Di
Lenarda, F. R. Tay, D. H. Pashley and L. Breschi, “Effect of carbodiimide (EDC) on the bond stability
of etch-and-rinse adhesive systems”, Dental Materials, vol.29, no.10, (2013), pp.1040-1047.
[23] R. Usha, K. J. Sreera and A. Rajaram, “Stabilization of collagen with EDC/NHS in the presence of llysine: A comprehensive study”, Colloids and Surfaces B: Biointerfaces, vol.90, no.1, (2012), pp.83-90.
[24] L. Rong, M. Jinfa, Z. Huanxiang and Z. Baoqi, “EDC/NHS crosslinked electrospun regenerated tussah
silk fibroin nanofiber mats”, Fibers and Polymers, vol.13, no.5, (2012), pp.613-617.

244

Copyright ⓒ 2015 SERSC

International Journal of Future Generation Communication and Networking
Vol. 8, No. 3 (2015)

[25] A. Peracchi and E. Forestieri, “Accurate statistical performance evaluation of EDC techniques on 10
Gb/s multimode fiber links”, 2012 International Conference on Photonics in Switching, (2012).

Authors
MIN Ru,1979.12, Xinxiang, Henan, P.R. China; She is a lecturer
in college of engineering science, Henan Mechanical and Electrical
Engineering College, Henan, China. Her scientific interests are
Optical fiber communication technology.

Ni Yan Rong, 1981.7, Xinxiang, Henan, P.R. China; She is a
lecturer in college of engineering science, Henan Mechanical and
Electrical Engineering College, Henan, China. Her scientific interests
are wire and cable manufacturing technology.

Copyright ⓒ 2015 SERSC

245

International Journal of Future Generation Communication and Networking
Vol. 8, No. 3 (2015)

246

Copyright ⓒ 2015 SERSC

