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Abstract  
      Dispersion of the transmitted optical signal causes distortion for both digital 

and analog transmission along optical fibers. When considering the major 
implementation of optical fiber transmission which involves some form of digital 
modulation, then dispersion mechanisms within the fiber cause broadening of the 
transmitted light pulses as they travel along the channel. This paper demonstrates that 
non-zero dispersion flatting optical fiber is achievable with dispersion extended over 
more than spectral range of 300nm. A total dispersion of (0.0398444 ps/nm.km) is 
obtained due to a design of an optical fiber with triple-clad at wavelength of 1551nm. 
Also the flatting optical fiber is tested using computer simulation at two distances at 
50km and 100km.   
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 تصمیم لیف بصري متسطح واطى التشتت
 الخالصة

تشتت االشارة الضوئیة المرسلة یسبب تشویھ لكل م ن االرس ال التن اظري والرقم ي عل ى ط ول        
عند االخذ بنظر االعتبار التنفیذ االكبر لعملیة االرسال في اللیف البصري والتي تقتضي .اللیف البصري

عن د ذاك ف أن مكانیكی ة التش تت ض من اللی ف تس بب توس ع,يعلى بع ض االش كال م ن التض مین الرقم      
أن ھ ذا البح ث یوض ح الحص ول عل ى لی ف. نبضات الضوء المرسلة على مدى وص ولھا ض من القن اة   

 ت م تحقی ق   .ن انومتر )  300( بصري متسطح غیر صفري مع تشتت ممتد على مدى طیفي ألكثر من  
صمیم لی ف بص ري ثالث ي االغلف ة عن دالطولنتیجة لت) (ps/nm.km 0.0398444تشتت كلي مقداره

ك ذللك ف أن ھ ذا البح ث یوض ح فح ص اللی ف البص ري المتس طح عب ر أس تخدام. nm 1551 الم وجي 
  .كم)100(كم و ) 5 0(محاكاة الحاسبة  ولمسافتین 

1. Introduction

The possibility of low dispersion
over extended range of wavelength 
was presented by Kawakami and 
Nishida in 1974 [1], and studied 
extensively thereafter by [2, 3]. By 
manipulating the index profile of a 
fiber, total dispersion can be to go to 
zero at two or three different 
wavelengths, and remain close to 
zero in between. Dispersion 
flattening occurs by partial 
cancellation of waveguide dispersion 
by material dispersion in the 

wavelength range of operation. In 
some applications such as 
wavelength division multiplexing, 
where a number of signals with 
different wavelengths are carried by 
one fiber, it is desired to design the 
fiber optic system such that all 
optical signals experience relatively 
the same low distortion. 

     The information capacity of fiber-
optic systems using dispersion 
flattened fiber and wavelength 
division multiplexing (WDM) 
schemes can be increased many 
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folds .Multiclad fibers , including 
double , triple, and quadruple-clad 
fibers can be used to design 
dispersion-flattened fibers[4]. In 
applications where two or more 
modes travel simultaneously though 
the fiber, intermodal as well as 
intramodal dispersion exist. 
Intermodal dispersion does not occur 
in single-mode fibers, but is a 
significant effect in multimode 
fibers. It occurs as a result of 
different modes having different 
group velocities at the same 
frequency. 

     Each type of dispersion 
mechanism leads to pulse spreading. 
As a pulse spreads, energy is 
overlapped, [5]. There are two types 
of intramodal dispersion. The first 
type is material dispersion and the 
second type is waveguide dispersion.  

2. Material Dispersion    
     The same physical processes which 
introduce fiber attenuation also 
produce a refractive index which 
varies with wavelength. This intrinsic 
or material dispersion is primarily a 
property of the glass used in the core, 
although the dispersion of the cladding 
will influence the fiber in proportion 
to the fraction of guided energy which 
actually resides outside the core. 
Material dispersion is particularly 
important if sources of broad spectral 
width are used [6].  For example, the 
step index fiber has a transit time pt  

for propagation constant 1n=β  (core 
refractive index) is given 
by pt czn /1= . If 1n  varies with 
wavelength, the incremental time 
differential t∆    is written as 

cnzt /1∆=∆  where 1n∆ is given by 
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The group index ),( λrng for a 

general refractive index ),( λrn is 
written as      

),(),(),( λ
λ

λλλ r
d
dnrnrng −= ... (3) 

In the description of dispersive fiber 
material, we limit our discussion to 
linear dispersion. In other words 

),()( λλ bnang +=   where  a and  b 

are functions of λ only [7]. Therefore, 
the dispersion material factor can be 
given by  
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3. Waveguide dispersion   
   The energy distribution in single–
mode fiber is a consequence of the 
boundary conditions at the core – 
cladding interface, and is therefore a 
function of optical frequency. The 
waveguide dispersion occurs 
because a single – mode fiber only 
confines about 80 percent of the 
optical power to the core. Dispersion 
thus arises, since the 20 percent of 
the light propagating in the cladding 
travels faster than the light confined 
to the core. The amount of 
waveguide dispersion depends on the 
fiber design.    
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      The effect of waveguide 
dispersion WD  on pulse spreading 
can be approximated in assuming 
that the refractive index of the 
material is independent of the 
wavelength, where [8] 

2

2
21 )(

dV
VbdV

nn
D

c
W 







 −
−=

λ
… (5) 

Where, V is the normalized 
frequency  

2
1

2
2

2
1 )( nnkaV −= ∆≅ 22kan ..(6) 

The contribution of  WD  to the total 
dispersion parameter D, is given by 
[9] 

WM DDD +=                ……. (7) 

  
4. Dispersion flattened fiber design 
    Dispersion-flattened fibers are 
special fibers that provide small 
dispersion over an extended range of 
wavelengths. The fiber presented in 
this paper is four layer circular 
dielectric waveguides, consisting of 
a core and three claddings as shown 
in fig. (1) A unified formulation is 
developed which is applicable to all 
possible four layer fibers with step- 
index profiles. Furthermore, by 
reducing one or two layers to zero, 
triple-clad, and double-clad 
geometries are also covered by this 
formation.  

    The sensitivity of the total 
dispersion of fiber due to changes in 
the structural parameters 
( 32121 ,,,,,, nnnnrrr oo ) are shown in 
fig. (1), twelve different fiber 
material types of silica base and 
different doping concentration of 
dopants are used as core and/or 

cladding. These materials and their 
Sellmeir‘s coefficients are tabulated 
in Table (1). To calculate the total 
dispersion ( D  ), both the material 
dispersion and waveguide dispersion 
must be calculated. The material 
dispersion depends mainly on the 
refractive index. By using equation 
(8), the refractive index of each layer 
can be determined.  
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Where, Jλ  is resonance wavelength 
and JB  is the oscillator strength. 
These constants have been tabulated 
for several kinds of fibers in table 
(1). The first and second derivatives 
of the Sellmeir‘s equation must be 
calculated, these derivatives of the 
refractive index as a function of 
wavelength can then be used to 
obtain the material dispersion factor 

MD  as [8]. 
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      The V- dependent parameter 
representing the waveguide 
dispersion parameter WD  can be 
determined. Eight fiber parameters 
namely core radius ( or ), first 
cladding layer radius ( 1r ), second 
cladding layer radius ( 2r ), third 
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cladding layer radius ( 3r ), core 
index ( on ), first cladding layer index 
( 1n ), second cladding layer index 
( 2n ), outer cladding layer index 
( 3n ), are optimized in designing this 
fiber. Thereby, it is expected to 
obtain three waveguide dispersion 
factors for the three cladding 
regions. The waveguide dispersion 
factors for triple-clad are the 
extension of equation (5) and are 
given by: 
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Where  
2
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11 nnKaV −= o           …. (14) 

2
2

2
122 nnKaV −=         …… (15) 

2
3

2
233 nnKaV −=           … (16) 

Total dispersion can be calculated by 
: 

321 WWWM DDDDD +++=  

… (17) 

4. Simulation and Results  

     The triple-clad fiber profile 
illustrates in fig. (2) Is tested by 
using simulation software (optifiber 
software) include material 
compositions and radii of various 

layers of the waveguide, and the 
wavelength. A listing of silica based 
materials, commonly used in optical 
fiber fabrication, is provided in 
Table (1). The Sellmeir‘s 
coefficients of the materials are 
stored in the program and are used 
for specified materials to calculate 
the refractive indices. For best 
results, two materials are selected 
from the Table (1). These materials 
are ( 8383 ,,, MMMM   ) that 
represent the core index, first clad 
index, second clad index and  third 
clad index respectively are used in 
the design and simulation of  the 
dispersion flattening fiber. 

        Also the refractive indices are 
calculated using Sellmeir equation 
with wavelength 1.55 mµ  . Fig. (3) 
Shows the relationship between the 
refractive index (n) and radii of 
various layers. It can note that, core 
radius is (1.44) mµ  
with 50771.11 =n , first-clad radius 
is (5.44) mµ  with 43856.12 =n , 
second-clad radius is (6.54) mµ  
with 50771.13 =n  and third-clad 
radius is (7.54) mµ  
with 43856.14 =n . The values of 
the total dispersion (D) (material 
dispersion and waveguide 
dispersion) versus the wavelength 
are demonstrated in Fig. (4).By 
utilizing the optifiber software, the 
values of the total dispersion (D) 
equal to 0.0398444 ps/nm.km  it can 
be achieved at 1.551nm with 
dispersion slope of 0.0525 
ps/nm 2 .km.  

      The curve in fig. (4) Shows the 
dispersion of the DFF with triple 
clad. When the thickness of first clad 
increased, the phase matching 
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wavelength moves toward smaller 
wavelength with a highly increasing 
dispersion value. Until the certain 
value then dispersion value will 
highly decrease. Therefore the 
selected width of this clad is very 
important and the value of this index 
is also very important. These values 
can be considered as important 
design parameters. The increase 
width of the third clad effects the 
dispersion curve and moves it 
toward larger wavelength. Also it 
causes decrease in the waveguide 
dispersion.  
     The experiment setup shown in 
fig. (5) Describes the optical 
communication system with using 
proposed dispersion flatting fiber 
(DFF). This system consists of 
optical transmitter with output power 
of 5dBm at wavelength of 1550nm.  
       Optical transmitter produces the 
optical digital signal at bit rate of 
40Gbit /s with none return-to-zero 
(NRZ) code as modulation type. This 
signal travels over the standard 
single mode optical fiber. Also, the 
proposed optical fiber (DFF) with 
length of 100km and total dispersion 
equal to 0.0398444 ps/nm.km is 
used. Fig. (6-a) shows the eye 
diagram of the received signal with 
using proposed DFF with length of 
50 km, it is very good ,very clear and 
it has no disturbance . 
While the eye diagram of received 
signal with proposed DFF with 
length of 100km is shown in Fig.(6-
b).It is also very good, clear with a 
little disturbance. The international 
accepted value for bit error rate 
(BER) is 9101 −× , when the BER for 
the designed fiber greater than the 
above value, therefore, the design is 
very bad. But in our case the BER 
for the proposed DFF with length of 

100km is 101011.7 −× and quality 
factor (Q) is 6.05.  

5. Conclusions  
  The present paper concerned with a 
flatting dispersion optical fiber 
(DFF), and an optical transmission 
line incorporating it. The research 
studied and optimized this fiber 
geometry. The total dispersion (D) 
value achieved in this paper is very 
low with respect to the previous 
studies. The proposed DFF is 
designed with waveguide dispersion 
of (-13.1272 ps/nm.km), material 
dispersion of (13.0551 ps/nm.km), 
and the total dispersion of 0.0398444 
ps/nm.km at 1551nm.The proposed 
DFF has a quality factor of (6.05) 
and BER of ( 101011.7 −× ) with 
length equal to 100km.  
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Table (1) Sellmeier's coefficients for material compositions of silica-based glasses 
 

Material Composition B1 B2 B3 λ1 λ2 λ3 n 
 

M1 Pure Silica 0.696166
3 

0.407942
6 

0.897479 0.0684043 0.1162414 9.896161 1.44402 

M2 0.1 m/o GeO2 , 
5.4 m/o B2O3 , 
94.5 m/o SiO2 

0.696813
88 

0.408651
7 

0.8937403
9 

0.07055551 0.0705555
1 

9.875480
1 

1.44455 

M3 16.9 m/o Na2O , 
32.5 m/o B2O3 , 
50.6 m/o SiO2 

0.796468 0.497614 0.358924 0.094359 0.093386 5.999652 1.50771 

M4  3.0 m/o B2O3 , 
97.0 m/o SiO2 

0.693540
8 

0.405297
7 

0.9111432 0.0717021 0.1256396 9.896154 1.44218 

M5 4.1 m/o GeO2 , 
95.9 m/o SiO2 

0.686717
5 

0.434815
0 

0.8965658 0.07267519 0.1151435
1 

10.00239
8 

1.45031 

M6 9.1 m/o GeO2 , 
7.7 m/o B2O3 , 
83.2 m/o SiO2 

0.723938
8 

0.411295
4 

0.7929203
4 

0.08582653
2 

0.1070526 9.377295
9 

1.45505 

M7 3.5 m/o GeO2,  
96.5 m/o SiO2 

0.704203
8 

0.416003
2 

0.9074049 0.0514415 0.1291600 9.896156 1.44951 

M8 13.3 m/o B2O3 , 
86.7 m/o SiO2 

0.690618 0.401996 0.898817 0.0619 0.123662 9.0986 1.43856 

M9 9.1 m/o P2O5 , 
90.9 m/o SiO2 

0.69579 0.452497 0.712513 0.061568 0.119921 8.656641 1.45895 

M10 13.5 m/o GeO2 + 
86.5 m/o SiO2 

0.707246
22 

0.394126
1 

0.6330192
9 

0.08047805 0.1092579 7.890806
3 

1.46598 
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M11 1.0 m/o F , 99.0 
m/o SiO2 

0.69325 0.3972 0.86008 0.06723987 0.1171400
9 

9.776098
4 

1.4394 

 M12 3.0 m/o GeO2 
+97.0 m/o SiO2 

0.405297
7 

0.911143
2 

0.0717021 0.0780876 0.1256396 9.896154 1.44218 
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Figure (2) Index profiles four layer fiber structures 
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Figure (1) Four-layer cylindrical dielectric structure 

Cladd3  
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Figure (4) The relation between the total dispersion versus wavelength. 

 

  

  

Figure (3) Index profiles of proposed four layer fiber structure 
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Figure (5) The experiment setup of optical fiber communication  

system with using DFF 

Figure (6-a) Illustrate the eye diagram of NRZ formats transmit over optical 
transmission system with using DFF of length 50km. 
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Figure (6-b) Illustrate the eye diagram of NRZ formats transmit over optical 

transmission system with using DFF of length 100km. 
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