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ABSTRACT  ARTICLE INFO 

Optical fiber is a medium that spreads information in the form of light 
waves. The quality of the optical fiber can be determined by knowing 
the dispersion value of the polarization mode which is one of the 
characteristics of the optical fiber by using a single-mode optical fiber 
design simulation method using the OptiFiber application. The single-
mode optical fibers used in the simulation are SMF-28, SMF-28e, SMF-
28e+, SMF-28e+ LL, SMF-28 ULL. A good quality SMF for long-distance 
communication is an SMF that has a small PMD value. 
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1. INTRODUCTION 

Optical fiber is a medium that can transmit information in the form of light waves [1-3]. Optical 

fiber has many advantages, by having insulating properties and can be used as future products for 

communication systems. Optical fiber can convey accurate information in a fast time [4, 5]. 

Optical fiber can be used as a transmission because it is linear. Linear properties can have two 

main effects on optical light propagation, namely dispersion, and absorption. Dispersion is the 

widening of optical pulses that propagate along with the fiber [6-8]. Absorption is the absorption of 

optical light that occurs due to impurities from the optical fiber material used [9, 10]. The optical fiber 

used for long-distance communication is a single-mode optical fiber. This optical fiber has a high data 

transfer capability so that there is no modal noise in the fiber [11-13]. 

Single-mode optical fiber design simulation is necessary because the use of single-mode optical 

fiber is required for long-distance communication because it has less attenuation to the fiber and 

single-mode optical fiber can be used as a sensor. In this simulation, we can see the quality of single-

mode optical fiber from how much value the polarization dispersion mode is in single-mode optical 

fiber. Damage and losses that occur in single-mode optical fiber can be seen from the simulation of 

polarization mode dispersion. 

2. THEORY 

2.1. Single-Mode Fiber Optic (SMF) 

SMF has a small core diameter of 4 - 10 m and a diameter of 125 m. This optical fiber can only 

transmit signals in one mode because SMF only transmits signals in the main mode and can prevent 

chromatic dispersion of the fiber [14]. 

The performance of multimode optical fiber depends on the numerical values of the aperture 

and core diameter, while the stump mode optical fiber is affected by the radial distribution of optical 
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power contained in the basic propagation mode. MFD is known as modal point size in single-mode 

optical fiber [11]. 

2.2. Birefringence 

Birefringence occurs because optical fiber has a fiber core that is not perfectly cylindrical so 

variations in diameter cause stress unevenness along the length of the fiber so that it experiences 

different propagation constants for the fiber [11]. Modal birefringence is defined by: 

 𝛿𝑛 = |𝑛𝑥 − 𝑛𝑦| (1) 

In a single-mode optical fiber, there are two groups of intrinsic and extrinsic disturbances, 

intrinsic interference is a permanent feature of the fiber due to errors during the manufacturing 

process. Meanwhile, extrinsic disturbances are disturbances that occur due to external stresses that 

occur in the fiber during cable installation. The imperfection of the fiber causes the fiber to experience 

birefringence [15]. 

2.3. Group Speed Dispersion 

Group speed dispersion is when an optical fiber has different spectral components propagating 

at slightly different speeds resulting in pulse widening over the optical fiber. The group velocity 

dispersion is called intramodal dispersion, in which the intramodal dispersion is divided into two, 

namely material dispersion and wave coupling [11]. The group speed can be expressed by the 

equation: 

 𝑉𝑔 =
1

𝑑𝛽 𝑑𝜔⁄
 (2) 

2.4. Material dispersion 
Material dispersion is caused by frequency and wavelength which depend on the response of 

atoms and electromagnetic waves of the material [16-18]. Pulse widening in material dispersion occurs 

due to differences in velocity variations of the spectrum components propagating to the fiber [11]. 

2.5. Wave Integer Dispersion 
The coupling dispersion depends on the wavelength and the dimensions of the waves, the speed 

of the combiner depends on the frequency [19]. 

2.6. Polarization Mode Dispersion (PMD) 

PMD is pulse widening that occurs due to differences in propagation time [11]. PMD is a case 

of modal dispersion, modal dispersion is a distortion mechanism that occurs in multimode optical fiber 

and other wave combiners. The signal spreads over time because the optical signal propagation speed 

is not the same for all modes. PMD is generated when the two velocity moving modes have fiber core 

geometry and stress symmetry moving at different speeds due to random imperfections that break the 

symmetry. 

PMD on optical fiber is an input signal into the fiber which is linearly polarized into circular 

polarization, elliptical polarization and when the output signal comes out it will return in a linear form 

with a different position. When the input signal enters the output, there will be a time delay (TD). TD 

causes the incoming signal to have first and second-order because the fiber will experience a slow 

delay and short delay on the fiber. 

The PMD-induced pulse dilation can be calculated by the equation: 

 ∆𝑇 = 𝐷𝑃𝑀𝐷√𝐿 (3) 

where ∆𝑇 measured in units of ps/√km, 𝐷𝑃𝑀𝐷 is the average PMD parameter and L is the length of the 

fiber. Values usually vary from 0.01 to 10 ps/√km [11]. 

For single mode fiber optic length, the PMD value is given in the form of the mean DGD value 

by equation [20]: 
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 〈∆𝜏〉 = √
8

3𝜋
∆𝛽′√𝑙𝑐√𝑧 (4) 

PMD is also given in the form of Root Mean Square (RMS) 

 √〈∆𝜏2〉 = ∆𝛽′√𝑙𝑐√𝑧 (5) 

3. RESEARCH METHODS 

This research is a simulation using OptiFiber application version 2. 1.0.133 to design single-

mode optical fiber. The SMFs to be simulated are SMF-28, SMF-28e, SMF-28e +, SMF-28e + LL and 

SMF-28 ULL. The process carried out in the single-mode optical fiber design simulation is to 

determine the profile of the SMF fiber by entering the type of profile used and entering the radius and 

refractive index values contained in the SMF. When simulating the fiber mode, first determine the 

dispersion model contained in the optical fiber, this dispersion model is determined by selecting the 

material contained in the material properties. Next, simulate the cutoff wavelength using LP Modes 

(Matrix Method) which shows the mode parameters LP01 and LP11. If there is LP01 then reduce the 

wavelength. 

To simulate the polarization of the dispersion model, first, simulate the birefringence caused by 

disturbances in the parameters contained in the fiber. This simulation has constant values such as 

photoelastic value, Young's modulus, and Poisson's ratio. Birefringence is influenced by extrinsic 

factors (bending and stress). When simulating PMD, the length and fiber length values can be varied 

to determine fiber quality. And PMD simulation is also influenced by the spectrum length and iteration 

contained in single-mode optical fiber. 

4. RESULTS AND DISCUSSION 

Discussion of the simulation results of the influence of the wave spectrum on the polarization of 

the dispersion mode of several types of single-mode optical fiber which have different waves and 

different PMD values for each SMF when signal propagation occurs. 

      

Figure 1. Changes in the first-order (left) and second-order (right) PMD values at a wavelength of 1310 nm 

In Figure 1 the first-order section, it can be seen that the PMD value has a small fluctuation 

because the 1310 wavelength has large energy for the fiber. When the fiber length was 600 m SMF 

28e increased higher because the refractive index value in SMF 28e was greater than other SMFs. 

Meanwhile, the PMD value at SMF 28e+ slightly increased because the normalization frequency value 

for SMF 28e+ was larger, and at SMF 28 ULL the PMD value was smaller because the refractive 

index value for SMF 28 ULL was very small compared to other SMFs. On the other hand, the second-

order PMD value is smaller than the first-order PMD. This second-order PMD value as a comparison 

value for the first and second-order is the second wave that occurs due to the relatively slow delay in 

the optical fiber. In Figure 2 it can be seen that the SMF which has the smallest value is SMF 28 ULL 

because the refractive index of SMF 28 ULL is smaller than the refractive index of other SMFs. 
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Figure 2. Changes in the first-order (left) and second-order (right) PMD values at a wavelength of 1550 nm 

In Figure 2 the first-order section, it can be seen that the PMD value at a wavelength of 1550 

nm is greater than the PMD value at a wavelength of 1310 nm, but PMD is not good for optical fiber. 

In the picture above, there are high fluctuations due to the large wavelength, because the larger the 

wavelength, the smaller the energy contained in the optical fiber. PMD is directly proportional to the 

fiber length so the PMD value varies along with the optical fiber. On the other hand, the second-order 

PMD value at a wavelength of 1550 nm linear to the fiber length. It can be seen in Figure 4 that the 

second-order PMD value fluctuates greatly with large wavelengths and there are significant 

differences for all SMFs. At a wavelength of 1550 nm, there is a large dispersion so that the PMD 

value of each SMF becomes large, but at SMF 28 ULL the PMD value has a small increase compared 

to SMF 28. This is because the value of the refractive index at SMF 28 ULL is smaller than the value 

of the SMF refractive index. 28. The PMD value is also influenced by the frequency of normalization 

of the optical fiber, the value of the normalized frequency of SMF 28 is greater than that of ULL SMF 

28. So that the greater the normalization frequency, the more light will be transmitted to SMF, and 

SMF which has a large normalized frequency value will experience more fiber dispersion. 

5. CONCLUSION 

PMD in SMF is directly proportional to the wavelength. The 1550 nm wavelength has a greater 

dispersion value than the 1310 nm wavelength because the energy at the 1550 nm wavelength is 

smaller than the 1310 nm wavelength. Fiber length and wavelength are directly proportional to PMD. 

The longer the optical fiber, the greater the PMD value in the fiber and causes the PMD value to vary 

along with the optical fiber during propagation. 
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