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Investigation on Focusing Performance of Tapered and Lensed Fiber

Liu Xu Chen Lin Cai Chun Xiao Jinbiao Zhang Mingde Sun Xiaohan
(Depariment of Electronic Engineering, Southeast University, Nanjing 210096)

Abstract: Tapered and lensed fiber(TLF) is the key device to couple optical energy from optical fiber into planar
lightwave circuits(PLC) high-efficiently. To understand and grasp TLFs focusing performance is pivotal for PLC
pigtail packaging technology. The theoretical analysis model of output beam spot diameter and far-field divergence
angle, which are principal parameters to represent TLFs focusing characteristics, is put forward. The error of the
model falls within 1.14% . Lightwave propagation and mode field evolution are simulated by finite-difference beam
propagation method so that the spot diameter is ascertained. TLFs taper length , half core taper angle, and lens
curvature radius are optimized to be 300 pm, 0.733°, 13.485 um respectively. The focusing beam spot is observed
by digital video camera experimental setup and calculated using an inverse deducing method from physical optics. The
theoretical and measurement results are consistent. For a specific TLF sample, the spot diameter value by inverse
deducing method is differed from the theoretical one with error of 3.15% , and the error for far-field divergence angle
i 3.67% .

Key words: integrated optics; planar lightwave circuits; coupling and packaging; tapered and lensed fiber;
focusing;inverse deducing method
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Fig.1 Photographs of drawn (a) and polished (b) tapered and lensed fiber (TLF)

B 2 a1 Ca) B 7 o TB o2 B 06 £F B 1) 4k o
WA, BF oo HERER, 0 BEEFR, 2 HHEE
KK B, ya H 2 HEA BIZFHEAN Sa.
SIS R E R, TS FIEM; BE, RN
ERBEIHRER, REH#AR K, ENFE LN
EMH 0. EWRRKEGEHER IEMHEERM S

B2 @BBEELTNEIEXMERX b EHRE
Fig. 2 Taper section and lens section of the upper half

of tapered and lensed fiber
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Fig. 3 Numeric simulation of TLF XZ-optical field
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Fig.4 Spot changes for tapered and lensed fiber before
and after lens focusing with variable taper angle

and taper length
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Table 1 Computations for TLF with variable taper angle (2, =300 pm)

a/’ o(z) /pm pa(z) /pm Vi(z,) w, (%) /pum R./pm wy, (2, +R.) /pm
0.5 2.2819 28.9807 2.1731 2.6183 28. 9807 2.1178
0.6 1.7583 22.3303 1.67442 2. 6549 22.3303 2.03312
0.733 1.0618 13. 485 1.0112 5.2546 13. 4850 2.2256
0.8 0.710938 9.02891 0. 677026 38.0193 9. 02891 2.00754
0.85 0. 449084 5.70337 0.427663 1219. 07 5.70337 1.59778
2 FRMEREELEFLLHHELER (=0.733)
Table 2 Computations for TLF with variable taper length (¢=0. 733°)
z/pm o(z) /pm pa(z) /pm Viz) w (z) /pm Ry./pm w (2t R.) /pm
250 1.70151 21.6092 1. 62035 2.69043 21.6092 2.03474
280 1.31769 16. 7347 1.25484 3. 36601 16. 7347 2.12353
300 1.0618 13. 485 1.0112 5.2546 13. 4850 2.2256
310 0.933872 11. 8602 0. 889326 8. 2652 11. 8602 2.21945
320 0. 805932 10. 2353 0.767489 17. 2695 10. 2353 2.12419
330 0.677993 8.61051 0. 645652 52.7428 8.61051 1.96185
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Fig. 6 Images of sample DT10 (a) and DT12 (b) output beam spot
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Fig. 7 Tapered and lensed fiber inverse deducing method
based on physical optics
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Table 3 Data for sample DT10 and DT12

Testl tem DT10 DT12
z /mm 20 20
! /mm 20 20
x1_B_SDonChip 251 231
x2_B_SDonChip 393 385
SDonChip /mm 1.07831 1. 6944
wp /mm 0.00224 0. 00207
woi /Mm 0. 0010 0. 0009
PO 4/mm 8.5714 8.5714
SDonlens /mm 3.59440 3. 8981
g/ 10. 2971 11.1673
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%, SDonChip R H.1h & J& ALY 2k S48 i B Ebr
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