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Theory of Designing Single-Multi-Single Mode Fiber Filter

Based on Mode Measurement
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Abstract In-fiber filter has been focused on for many years and has broad applications in fiber optics area. The

theoretical analysis of a single-multi-single mode (SMS) fiber based filter is presented. A multimode-measurement is

realized based on an interference method in order to prove the excited multimode in the multimode fiber of SMS

structure and to provide more accurate parameters used in the theoretical analysis. Designed filters are given to show

the validity of the theoretical analysis. Other factors influencing the performance of the SMS based filter are discussed

at last.
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Fig. 1 (a) Single-multi-single mode fiber structure; (b)
measurement setup of the excited mode in
single-multi-single mode fiber
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Table 1 Parameters from Fig. 2(c¢)

Excited mode AS/pm ~ Normalised couple
in MMF Lo =1 per Lot efficiency oc 7
M1 11656 0.1548
M2 12801 0.2944
M3 13383 0.3528
M4 14016 0. 8046

M5 14494 1
M6 14927 0.4160
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Fig. 2 (a)An inference spectrum of the excited mode measurement; (b)its FFT spectrum;

(c)the enlarge figure of the FFT spectrum
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Fig.3 (a) Simulated transmission spectrum of SMS of 5. 83 cm in multi-mode fiber length; (b) the experimental transmission

spectrum of SMS of about 5. 8 cm in multi-mode fiber length; (¢) the simulated transmission spectrum of SMS of 13. 25 cm

in multi-mode fiber length (d) the experimental transmission spectrum of SMS of about 13. 3 cm in malti-mode fiber length



2l EIEE. T HCNEL R - - FROL LR IR I f BT e 295

R I SMS (1375 55F 1% Bl 45 10 J32 R0 17 A5 B ] VRS Wi
JEA3 3k 13 pm/ C Ml —2.2 pm/ pe. [ IF A F %G
2 (P PR LS T G 6 i B 25 XF SMS R i #% 1F fig
FR 5 ) 245 5 0 O o i kAR T S AR AL B AR fE R
RS Z AR e AN B . B SR TR 45 4 1 7
R % B2 25 F 0T 4 A oA AR L A R R Y
Z RO J R i AR A B K R
B ANY BB R AR E . 25 TR, 760
FHESE I 24 347365 22 2 f ke f 25 fll  [m) I 75 22 2% 1
358 28 T 2 5 A 1 Sk AR T R

5 45 1

$LH TR T 9 SMS 45 11 7 53 43
Wik, £ T 6k SMS 55kt 2 B0 2T il
(RS (0 T3 045 & FET R4 M7 10 7 2. %0t
N LT WU AT IR T BB S 8. Sk
48 SEL S B 400 0 X HE W T 45 H 43 BT B3 1 T A
P 1% BT B AT DUYE B3 SMS JE BRI A
MR, RS T8 B A5 25 ) 45 2% 0
A AR

Z & X #t

1 K. O. Hill, Y. Fujii, D. C. Johnson et al.. Photosensitivity in
optical fiber waveguide: application to reflection filter fabrication
[J]). Appl. Phys. Lett. , 1978, 32(10): 647~649

2 T. Erdogan. Fiber grating spectralJ]. J. Lightwave Technol. ,
1997, 15(8): 1277~1294

3 A. M. Vengsarkar, P. J. Lemaire, J. B. Judkins et al.. Long-
period fiber gratings as band-rejection filters[J]. J. Lightwawve

Technol. , 1996, 14(1) . 58~65

4 C. R. Giles. Lightwave application of fiber Bragg gratings[J].
J. Lightwave Technol., 1997, 15(8) . 1391~1404

5 Y. Wang, W. Jin, J. Jue al.. Long period gratings in air-core
photonic  bandgap fibers [ ] J. Opt. Express, 2008,
16 2784~2790

6 Arun Kumar, Ravi K. Varshney, Rakesh Kumar. SMS fiber
optic microbend sensor structures; effect of the modal
interferencel J]. Opt. Commun. , 2004, 232; 239~244

7 W. S. Mohammed, P. W. E. Smith, X. Gu. All-fiber
multimode interference bandpass filter[J]. Opz. Lett., 2006,
31(17) . 2547~2549

8 Qian Wang, Gerald Farrell, Wei Yan. Investigation on single-
mode-multimode-single-mode fiber structure[J]. J. Lightwawve
Technol. , 2008, 26(5): 512~519

9 W. S. Mohammed, A. Mehta, E. G. Johnson. Wavelength
tunable fiber lens based on multimode interference [ J]. J.
Lightwave Technol. 2004, 22: 469~477

10 E. Li, X. Wang, C. Zhang. Fiber-optic temperature sensor
based on interference of selective higher-order modes[ J]. Appl.
Phys. Lett., 2006, 89. 091119-1

11 E. Li. Temperature compensation of multimode interference-
based fiber devices[J]. Opt. Lett. , 2007, 32; 2064~2066

12 Zhang Yan, Zhang Jianzhong, Liu Zhihai e al.. Multimode fiber
based temperature sensor with the capability of wavelength
encoding[J]. Acta Optica Sinica . 2009, 29(2); 327~330
gk, sk b R L BT K AR E T RE 0 AR AR IR
feikael)]. k4 F 4R, 2009, 29(2): 327~330

13 Yang Chun, Wang Yong, Xu Changqing. Separate detection of
degenerated mode group of multimode fiber [J]. Acta Optica
Sinica, 2006, 26(10): 1459~1463
o o&.E B.RKE. 26 i I R 09 2 B R
[J]. k%54, 2006, 26(10): 1459~1463

14 Wang Honghai, Tong Weijun. Effect of periodic scrambling on
the transmitting characteristic of multimode fibers[J]. Chinese J.
Lasers, 2004, 31(2) . 177~180
TEUL . AR, RS 2RO Ltk ez m LI ].
B #ok, 2004, 31(2): 177~180



