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Polarization-Beat-Length-Based Achromatic Characteristics of
Holey Birefringence Fiber with Hexagonal Lattice
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(Key Laboratory of Specialty Fiber Optics and Optical Access Networks, Shanghai University .,
Shanghai 200072, China)

Abstract In view of the hexagonal lattice micro-structure optical fiber, the modal birefringence characteristics of
holey fiber are simulated by the finite difference beam propagation method. The influence of the different cross-
section structural parameters on modal birefringence is analyzed. Two groups of appropriate structural parameters are
obtained. The polarization beat lengths of these structures remain stable in a wide wavelength range,and thus better
achromatic characteristics can be got. The working bandwidths of these structures reach 200 nm near the 1310 nm
communication window and 260 nm near the 1550 nm communication window, respectively. The fibers are suitable
for making wideband achromatic wave plates.
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Fig. 1 Cross-section of proposed hexagon lattice holey micro-structure optical fiber
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Table 1 Central beat length and relative change rate with different d and A (wavelength range is 1200~1700 nm)

A=7.7 pm A=T7.8 ym A=T7.9 ym A=8.0 um A=38.1 pm A=8.2 pm
d /pm
L,/mm R/% L,/mm R/% L,/mm R/% L,/mm R/% L,/mm R/% L,/mm R /%

2.4 4418 154 484 25 128 63 406 6.9 435 11 1108 51
2.8 363 65 274 6 686 98 2098 34 603 29 735 13
3.2 4670 83 1907 74 1022 14 3578 107 2899 191 565 33
3.6 oo 992 70 473 13 330 39 669 43 4218 86
4.0 298 38 490 42 9389 101 1792 85 1158 59 456 14
4.4 557 52 1850 119 534 20 283 6.2 257 17 894 63
4.8 144 8.7 213 16 478 42 o 805 26 1037 84
5.2 401 19 1746 20 1835 131 4178 195 420 6.8 156 23
5.6 252.4 15.2 295.2 6.42 207 20.7 154.9 34.1 5988 88.7 454 34.9
6.0 oo 274 16 612 75 480 67 467 12.2 180. 2 6.38
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Fig. 2 Polarization beat length varies with wavelength for optimized holey fiber
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Table 2 Analysis results of optimized structural parameters

Wavelength near 1310 nm Wavelength near 1550 nm
A=7.7 pm Wavelength range 1230~1380 nm Wavelength range 1420~1680 nm
- L. R/% Bandwidth /mm L., R/% Bandwidth /mm
dTAE 147. 86 3.33 150 140. 67 3.6 260
A=8.2 ym Wavelength range 1200~1400 nm Wavelength rantge 1450~1650 nm
L. R/% Bandwidth /mm L. R/% Bandwidth /mm
4=6.0 um 176. 51 2. 28 200 181, 16 2.81 200
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Table 3 Central beat length at 1310 nm and operation bandwidth with different errors of d and A for group A

Deviation of d Deviation of A
Error rate /% L. /mm Bandwidth /nm Error rate /% L, /mm Bandwidth /nm
0 176. 51 200 0 176.51 200
+1 184. 37 185 +0.5 182. 23 180
+2 197. 22 162 +1 202.47 53
+4 397. 40 35 —0.95 163. 44 154
—1 179. 22 193 —1 87.43 73
—2 182.51 180
—4 239. 17 94
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Table 4 Central beat length at 1550 nm and operation bandwidth with different errors of d and A for group B

Deviation of d Deviation of A
Error rate /% L. /mm Bandwidth /nm Error rate /% L. /mm Bandwidth /nm
0 140. 67 260 0 140. 67 260
+1 141. 88 215 +0.5 147.53 218
+2 143.92 235 +1 208 93
+3 367. 86 57 —0.5 145. 84 242
—1 143. 25 237 —1 191. 15 73
—2 157.32 128
—3 301. 18 81
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Fig. 3 Cross section of hexagon lattice holey micro-structure optical fiber with two pairs of special holes adjacent to the core
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Table 5 Central beat length and relative change rate while changing D (wavelength range is 1200~1700 nm)

D /pm 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0
L, /mm 406 69202 656. 5 327.5 157 107.6 82 55 49. 3 33.5
R /% 6.92 196 104.7 86. 3 73.1 71.6 68. 8 65.1 67.4 61.9
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Table 6 Central beat length and relative change rate while intrinsic holes diameter d changes (wavelength ramge is 1200~1700 m)

d /pm 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0
L, /mm 108 100. 8 152.9 407. 1 339.9 283.3 428.1 124.5 66. 2 72
R /% 71.6 57.7 72.9 90. 4 72.8 6.21 78.9 41.5 50 56.3
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Fig. 4 Polarization beat length varies with operation wavelength with different intrinsic holes diameters d
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