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Abstract: Taking panda—type polarization—maintaining fiber as the object, the influence of drawing tension
and heat treatment on its stress birefringence is systematically studied. In the multiphysics finite element
modeling, we introduced the drawing tension during the fiber preparation process into the PMF
photoelastic model, and we summarized the numerical law that the birefringence of the panda-type PMF
decreases linearly with the increase of the drawing tension. We used white light interferometry to
experimentally measure the effects of different heat treatment conditions on the birefringence of PMFs. The
structural relaxation induced by boron-doped silica glass at high temperature causes the volumetric
shrinkage of the Stress Applying Parts (SAP), which increases the birefringence. The deformation caused
by the structural relaxation is obtained from the variation of the vacancy defect concentration of the glass
network, and then the birefringence after the annealing of the fiber is calculated. The numerical simulation
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results are consistent with the experimental measurements. This work provides a theoretical basis for the
design, preparation and birefringence control of PMF .

Key words: Polarization—maintaining fiber; Birefringence; Drawing tension; Glass tructural relaxation;
Simulation calculation
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Table 1 Material parameters used for modeling and simulation

Corning PM 46-PM1550
Core Cladding SAP(20% B) Core Cladding SAP(30% B)
E/GPa 70.6 72.5 43.2 64.88 72.5 28.6
v 0.165 0.17 0.204 2 0.157 0.17 0.265
a/(107*K™") 0.747 0.54 2.432 1.389 0.54 3.38
n 1.449 1.444 1.438 1.457 1.444 1.435
C,/Pa’! 0.69X107"
C,/Pa’! 4.19X10 *
T,/C 1100
T,/ 20
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Table 2 Birefringence of PMFs (A=1 550 nm)

Given ) o Measured Phase birefringence  Group birefringence
Given birefringence o
beat—length/mm birefringence (F=0.5N) (F=0.5N)
CorningPM 4.47 3.47x10" 3.77x10"" 3.65X10"" 3.67x10""
46=PM 1550 2.8 5.54X 107" 6.33X 107" 5.92X 107" 5.76 X 107"
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Fig. 2 Simulation results of phase birefringence and group birefringence under different drawing tensions
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Fig. 10 Birefringence of CorningPM varying with temperature during repeated heating with different termination temperatures
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Table 3 Birefringence of PMFs before and after annealing (A=1 550 nm)

Before annealing After annealing
Measured Phase birefringence Measured Phase birefringence
birefringence (F=0.5N) birefringence (F=0.5N)
CorningPM 3.77X10°* 3.65x10°* 6.48%10* 6.91X10*
46-PM 1550 6.33X 10" 5.92X 10" 9.71X10°" 9.46x10*
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