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Abstract 
 

With the development of the telecommunication, optical fiber has been widely used. It has 

the characteristics of long distance transmission and large capacity, but it also has dispersion 

exists. The dispersion can be divided into some types. Mode dispersion plays a major role in 

multimode fiber, while chromatic dispersion or intramodal dispersion are the main 

mechanism in single mode fiber. Generally, it is quite important to test the dispersion and 

know the dispersion characteristics. The theoretical basis and experimental device, which are 

both based on the interference principle, have been introduced in detail. The device is used to 

measure the fiber dispersion characteristics of optical fiber and the results shows the validity 

of the theory and the designed test device. 
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1. Introduction 

Different light components (different models or different frequency) usually travel at 

different speeds in optical fiber, and this phenomenon is known as dispersion [1-3]. 

Dispersion is an important optical characteristics in the optical fiber. Dispersion [4-6] will 

broaden optical pulse, and cause serious limit on the transmission capacity and optical fiber 

bandwidth. For multimode fiber [7-10], mode dispersion plays a major role, this means 

different modes travel at different velocities to lead to the dispersion. For the single mode 

fiber [11-15], chromatic dispersion or intramodal dispersion is the main mechanism, and this 

is to say that the dispersion is caused by the different frequencies on different transmission 

speed. Due to the limitation of the mode dispersion, the transmission rate cannot exceed 

100Mb/s. Generally speaking, single-mode fiber is more superior to multimode fiber. In the 

practical application, single-mode fiber is widely used and it is more important to consider the 

dispersion of single mode fiber. 

The main dispersion in single mode is the material dispersion [16-18] and waveguide 

dispersion [19-22]. Material dispersion is that variation of frequency transmission will lead to 

the variation of refractive index and cause the variation of transmission constant and group 

velocity.  

Waveguide dispersion is due to the variation of frequency resulted in changes of the 

waveguide parameters and cause the variation of transmission constant and group velocity. 

Intramode dispersion is mainly due to the polychromatic source. In addition, two orthogonal 

linear polarization modes exist in single-mode fiber transmission. Due to the non-circular 

symmetry, optical fiber, edge stress, and fiber bending and so on, polarization mode 

dispersion will appear in the transmission. 

Dispersion is an important feature in optical structure fiber. Various methods [23-25] have 

been developed for numerical calculation in dispersion characteristics for microstructure, but 
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the experimental methods in measurement of micro structural fiber dispersion are still 

inadequate. The results of theoretical calculations should be validated by experimental test. 

For the reason of not perfect in the production of optical fiber, the actual properties should 

still be studied. So in order to express the performance of the optical performance, 

characterization of optical fiber is urgently needed. 

In this paper, from the view of summarizing the existing method and put forward new 

methods to measure the fiber dispersion. The main contribution is the establishment of a 

measurement method for dispersion, and the remainder of the paper is shown as the following: 

optical fiber and its model is introduce in section 2. Some measurement methods are 

summarized in section 3. New method is proposed in section 4. The experiment is shown in 

section 5 and the conclusion is described in section 6. 

 

2. Dispersion and Compensation Methods 

 

 

Figure 1. Scanning Electron Micrographs of PCF 

 

Figure 2. Transmission Effect of PCF 

The basic equations of pulse transmission in single mode fiber can be described as the 

following: 
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Where, A is the slowly varying amplitude; z is the transmission distance; T is time; 2 is 

the group velocity dispersion (GVD) or second order dispersion coefficient and it is the main 

factors of pulse broadening; 3 is the coefficient of high order dispersion (also called third 

order dispersion). Compared with the second order dispersion, effect of third order dispersion 

on the pulse is usually small. When kmps /2
2 1 , 3 can be negligible. The solution of 

the function can be obtained as:  
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Where, ),( 0A is the Fourier transform of ),( TA 0 . Then, we can know that the optical 

signal distortion caused by dispersion is determined by phase coefficient 
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Dispersion of single-mode optical fiber per unit length can be obtained by the following 

formula: 
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Where, c  is the light velocity; V  is the normalized frequency of optical fiber transmission; 

b  is the normalized propagation constant. First item at the right of the formula (3) depends 

on the refractive index of material, which is known as the material dispersion; second item is 

relative to the fiber waveguide properties, which is called waveguide dispersion. Chromatic 

dispersion coefficient of common single mode optical fiber in 1550nm window is about 16 

)/( kmnmps   and its dispersion can reach 1600 nmps / . For a system with capacity of 

10 sGbit / , the tolerance of maximum dispersion is 1000 nmps / . Therefore, in order to 

make the system run normally, it must be compensated. 

 

3. Measurement Methods 

Photonic Crystal Fibers (PCF), which is also called Micro-Structured Fibers (MSF), are 

widely paid attention in recent years. Complex refraction rate distribution exists on the cross 

section of PCF. In the PCF, stomata with different arrangements are included, and its size is 

in roughly the same order of magnitude with the wavelength of light wave and throughout the 

entire length of optical devices. The light wave will be limited in the center region of the fiber 

with a low refractive index. 

The concept of photogenic crystals first appeared in 1987. Some researchers proposed that 

the electronic band gap of semiconductor has similar periodic dielectric structure with optic, 

and one of the most promising fields is the application of photonic crystal in optical fiber. It is 

mainly relating to the periodic high refractive index optical fiber with microstructure, which 

is normally consists of stomata with the silicon dioxide as the background material. This new 

type of optical waveguide has two types: (1) fiber with high index refractive core layer and 

surrounded structure by two-dimensional photonic crystal cladding. These fibers have similar 

properties with conventional optical fiber, and its principle is that the waveguide is formed by 

total internal reflection (TIR). Compared to conventional refraction index guiding, it is 

allowed for photonic crystal cladding with higher refractive index. Therefore, it is important 

to note that internal total reflection photonic crystal fiber (TIR-PCFs) is actually not depend 

on the Photonic Band Gap (PBG) effect; (2) fiber with Photonic Band Gap (PBG) effect. The 

fiber controls the beam in the core layer with this effect. The optical fiber (PBG-PCFs) 

exhibits considerable performance, and the most important is controlling and guiding the 
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beam transfer in the core layer with a lower refractive index than that of cladding refractive 

index. 

Dispersion measurement of fiber dispersion is measuring the time delay of different 

frequencies light pulse travel the same distance, or measuring the pulse phase of different 

frequencies with corresponding frequency domain. There are many methods in measuring 

fiber dispersion, which mainly include pulse delay method, phase shift method and 

interferometric method.  

 

3.1. Pulse Delay Method 

Time delay method is one of the simplest methods. In this method, dispersion value will be 

acquired according to the polynomial fitting by measuring the time delay of different 

frequencies light pulse. 
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Where D  is the dispersion coefficient, and it means the time delay of light signal with unit 

wavelength interval transmitting unit distance difference. Its unit is kmnmps / . Factor  is 

group velocity dispersion parameter: 
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And it determines pulse broadening when it is in the propagation of the optical fiber. 
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Figure 3. Pulse Delay Method 

Figure 3 shows a typical time delay measurement device. Where, DUT is fiber (equipment) 

under test. VOA is the adjustable optical attenuator. The light source is laser diode or fiber 

Raman laser with a series of different wavelengths. Fiber Raman laser stimulates 

simultaneously several different wavelengths of light pulse according to Raman scattering 

effect. The first pulse signal delay will be set as a reference, and time delay of rest optical 
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pulse signals will be compared with this reference value. Time delay difference and 

corresponding wavelength would be fitted and dispersion parameters would be acquired. 

In practical applications, time delayed method, which is based on optical time domain 

reflectometer (OTDR), is used to measure the delay dispersion. Its time resolution is 50ps. It 

has the advantages of simplicity method, low cost device, and long measurable fiber distance, 

while the disadvantages are inaccuracy time delay and corresponding wavelength. In addition, 

due to limitation of light source, number of sampling points is not enough and it also affects 

the precision of measurement. 

 

3.2. Phase Shift Method 

The most frequently used method of measuring optical fiber dispersion is the phase shift 

method and differential phase shift method. Phase shift method is according to compare the 

measured values and phase reference value to obtain the phase difference and then acquire the 

dispersion value. According to the different reference types of phases, it can be classified into 

electric signals and optical signals reference. 

In electric signals reference phase shift methods, one is the modulation phase shift 

technique, as shown in Figure 4. 
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Figure 4. Phase Shift Method 

Signal generator will carry out the modulation for the intensity of light output from the 

narrow band tunable light source according to the external modulator.   

The modulated light signal with information will cross through the optical fiber, and the 

transmission signal will be detected by photoelectric. Then vector voltmeter will be used to 

measure the modulation phase difference between the received signal and the modulation 
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signal source. This measurement method can be measured for any wavelength, and group 

delay differential between adjacent intervals will be: 

mf


 

2

22 //  
                                                   (6) 

Where,   is the central wavelength in wavelength interval, mf  is the modulation frequency 

and the unit is MHz. Based on the measured data, curve graph of group time delay with 

variation of wavelength can be obtained. After the linear fitting, relationship between  and 

 can be obtained. Then get derivation of  , and pulse broadening caused by dispersion will 

be acquired. 

 

3.3. Interferometric Method 
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Figure 5. Interferometric Method 

Interferometic method is a measurement of dispersion without expensive instruments. Use 

the Mach-Zehnder Interferometer or its arm as the under tested optical fiber arm and 

reference arm. According to changing the reference arm length, intensity information of 

interference fringes of light from the two arms will be obtained: 

  )/()()( )( cdeRFTdI Li   1                                             (7) 

Where, d is the length variation of reference arm; L  is the length of optical fiber under 

tested; )(R is the parameter relevant to the transfer function of arms; )( is the transfer 

constant for different frequency. From the formula listed before, the phase information 
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L)(  can be obtained when the intensity information of interference fringes is processed 

with Fourier transformation. Due to the limitation of Fourier transformation, we can’t get the 

actual value and just get the relative size of the phase in the frequency domain.  

A modified Michelson interference based fiber dispersion measurement device is shown in 

Figure 5. When the length of the reference fiber arm is changed, the refractive index is also 

changed. Then, time delay can be obtained as follows: 
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The z  is the length variation of optical fiber, ijP is the elasto optical coefficient of fiber 

material,  is the Poisson ratio of the fiber material. 

 

4. Modified Measurement Methods 

Based on existing interferometry method, a modified method has been proposed to 

measure the dispersion of optical fiber. Test device measurement based on the modified 

method is shown in Figure 6. 
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Figure 6. Comparison of the Algorithms 

Structure diagram of single core with total internal reflection used in the test is with 

parameters listed as follows: the optical fiber cladding air hole diameter d is 053. μ m; air 

hole pitch Λ =4.2 μ m, and the packet is composed of 8 layers of air hole. 
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The reference arm is set with air, and the measuring arm is the micro structural fiber. When 

the receiving end of photomultiplier tube receives the interference spectrum, repeated 

measurements for the interference graph will be adopted and then the data collected will be 

averaged. The curve will be smoothed in order to denoising. 

The coupler has four arms. The third arms are the reference arm, and the fourth arm is 

measuring arm of optical fiber. M1 and M2 are the reflector. The light source in the 

experiment is LTH/75W bromine tungsten lamp, and its spectral range of 250~2500nm. The 

photomultiplier tube (PMT) is the PMTH- S1 side window photomultiplier, and spectral 

response range is 300~950nm. Grating monochromator is SBP500 with the minimum 

resolution of 0.1nm. 

The first and second arm in the testing system is solid quartz arms, while the third and 

fourth arms are hollow pipes and connected with the coupler. In the two arms, reference 

optical fiber and under test optical fiber are respectively arranged. The middle part of the 

coupler is composed of about four pieces of quartz arm. The light source of bromine tungsten 

lamp will emit white light and then the light passes through a monochromator to output light 

with single wavelength and passing through the lens then coupled to the quartz arm 1. This 

light passes through the 2 * 2 couplers and then goes into the arm 3 and 4 with the under 

measured optical fiber and reference optical fiber. Then, light reflected by M1, M2 will meet 

the coherence conditions. 

Spectral intensity received at photomultiplier tube of interference arm photoelectric 2, 

which is injected from interferometer arm 1, can be written as: 

)(cos)()()(   1
2

sf EEI                             (10) 

dL sf )()()(                                           (11) 

Where, sfsf EE  ,,,  is the dielectric field, which is the propagation constant along the 

fiber arm and free space. L and D are the optical fiber arm length and free space length. If we 

give the series form of f , then )(  can be described as follows: 
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Where, 0  is constant, C  is the speed of light in vacuum, 2  is the total group velocity 

dispersion, 3  is the three order dispersion of optical fiber. Therefore, the appropriate 

selection of the optical wavelength intensity, 2  and 3  can be obtained.  

 

5. Test Results 

Figure 7 to Figure 9 shows the experimental test values of dispersion parameter. Figure 10 

shows the difference between Experimental value D and theoretical calculation value of 

dispersion parameter. The difference shows the error, and the main reason may be the fiber 

structure is not perfect. The error includes structural asymmetry and heterogeneity lead to the 

calculation error and test accuracy. However, measured and calculated results are very similar. 

This means the validity of the proposed test device. 
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Figure 7. Interferogram of Single Core Fiber and Micro Structure of the Air 

 

Figure 8. Interferogram of Crystal and Air 

 

 

Figure 9. Coherent Curve of Figure 7 and 8 
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Figure 10. Comparison of Theoretical and Experimental Results 

6. Conclusions 

Dispersion exists in optical fiber in the telecommunication. It is an important optical 

characteristics in the optical fiber and will broaden optical pulse.  Mode dispersion plays a 

major role in multimode fiber, while chromatic dispersion or intramodal dispersion is the 

main mechanism in single mode fiber. Now, single mode fiber is widely used, so it is quite 

important to test the dispersion and know the dispersion characteristics.  

This paper introduces a test method and designs a test device. The theoretical basis and 

experimental device have been introduced in detail. The device is used to measure the fiber 

dispersion characteristics of optical fiber and the results shows the validity of the theory and 

the designed test device. 
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