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Analysis of mode coupling in random spaced index modulated fiber grating

LIU Yan'?*, LI Yang'?, YAN Xiao-Jun'?, LI Wei-Dong"’
(1. Key Lab of All Optical Network & Advanced Telecommunication Network Ministry of Education,
Beijing Jiaotong University, Beijing, 100044, China;
2. Institute of Lightwave Technology, Beijing Jiaotong University, Beijing, 100044, China)

Abstract; Analysis model of the fiber gratings with random spaced index modulations was established.
The random spaced index modulated fiber grating can be treated as the random combinations of long
period uniform gratings and short period uniform gratings. The reflective and transmissive characteris-
tics of a random fiber grating with the averaged random modulation space 20 wm were calculated with
transmission matrix method and beam propagation method. The results confirmed the coexistence of the
coupling between the forward and backward propagated fundamental core modes and the coupling be-
tween the fundamental core modes and cladding mode. A random fiber grating with 500 modulation
points was fabricated by femto-second laser, the spaces between the adjacent random modulation points
were about 10 ~20 pm. The reflective and transmissive spectra of the grating were measured experi-
mentally. The experimental results further validated the numerical analysis.

Key words: random index modulated grating, mode coupling, femto-second laser

PACS: 42.79. Dj

Y LB R S M HOG AT S R
kMt S GUAT T2 0 . B R EF

JeEPett e THE Z WIS E R Ry WSROI £ B S IR E M IT, 1
LR RA ML LR R G R =" iR i R 0T a0 KN mT Ay Sk S R S 2 S it
TESCLF B AR Wy EH R G B K (fiber Bragg grating, FBG, FII/NF 1 wm) R 1)

51

il

W #5 HH#3.2015- 02- 09, f&[E] H #3.2015- 10- 18 Received date: 2015- 02- 09, revised date: 2015 - 10- 18

EEWA ALath S E R F AR A TR H (YETPO530) ; s s A S AR IR 55 91 % 30058 4 %2 B (2013 JBMOOS )

Foundation items : Supported by Fundamental Research Funds for the Central Universities (2013JBMO005 ) ; Beijing Higher Education Young Elite Teach-
er Project ( YETP0530)

{EZ @/ (Biography) - x| #i(1978-) , Lo, INASINA, BIEAZ , W1, ERHTRGUR A L L8 5 DL er 2.

* {@ifl4£ & ( Corresponding author) : E-mail ; bjtuly@ 163. com



11 X A RIS AR DL AR S A 73

LT A (long-period grating, LPG, J& 3@ % 78 JL
& EAROKZ ) . X T OGER S X B 3R
A PR R BE AL 2 Mt B 5 45 2. BEHILOYG
s SHL Y g 451 =2 R FH DG r A %) 3 1) ) S
TE R, PR 5 R 10 80 il LR VR — R B A
) S Bt 2R B ML 3 A B i R B L s
HLICLF M AT LR SEBG TR s Ak 0 i S 8
JETFREHLCHE I REHL G LF B s 0% FE PGS
WOGA BT SOCTERY HE AL LRy kil
BLR I FIE LI A B (04 BE AL UE B 5, JF A F
BEAL GRS Ry — A LR SR A T 9. A SO,
FATE BEDLCEF SCHAE Ryt 37 B BT g0 HAR 2
AR T 1 BE oA, DR T 1AL, A P AR
AN 0B85 R BEAIL M%) B i s S e P 2R A T
T B X BB TR T T SR I

1 FEHLELF e

SRS CEF S 4T 568 25 T 7 DT A 1) 2 S
WITERY, £ 2530 FBG F1 LPG. FBG rf £ 24 i 7]
FEMEES I [ B Z AL AR 5, 100 LPG Ay [a] [ S A
AL R RN . X Tk 1) BEAL AT S =R 37 il
JCEFTT S, o T3 3 A BEA 12 #9539, B L s
TAERBDEHE. WZEM T AR CH R 354 15
SE A, T LA G5 A A R A W R R R 1
I, A TR C R M A B R S 4 o 4 AN ) T
SRR T D 2R S XA 3 S R ke
ARLERC LT LR 7R o A v eR R, oh 1 LI RO
T AT AR DL SCAM A DX A 37 5 R 28 A ) A4S
ROH— 5 HAT AT J 390 64 AN [ 3 5 25 308 ol 8 2
R LT L R 2 R 2H 5, sl 1 R 7R . —fiam
7, CEF A AT 5 A il XA AT — s 1 S8, AR
SRS 4 5 A8 ] DX PR AT LSRR — RSN
JEIANTR IR EE 8 FBGs 5 1t £ 98 1 X 51, JLASAN ]

FIL AL AT L7 S AN (7] Ji S0 03 o R 52 114 S B0
e ek

Fig. 1 Random grating can be modeled as a linear combination
of periodic gratings with random period and modulation depth
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Fig. 2 (a) Reflection spectra with different reflection coeffi-
cient; (b) Reflection spectra with different number of grat-
ings; (c) average reflection intensity vs. reflection coefficient
and grating number

T WEFEREATLCHI 4 T 1) A4 e A, AR
SRR AT T RMEAY. B ) BB 2F B
KD 1.5 em, HArBEHLIT S 530 il DX e
1 em, JE3HA 500 A~ FEATL ] BE A4 38 il a5 20 A 72258
DX 3k A VR A AT S R Bl An =5 X 107
TS 2N B REALCET YEAE b i G 2R b ) B AL 19
AN 3 (a) P (KN 1.55 um) |, SRAAE
ZRHE PR 500 A~REHLIE il i BT e X aek. 151 3 (b) o
[RIRE SR il RO E 27 R i A HL 3 0
A % L BN A2 B, BERLOCHIAE X Hh 265 E
R TR BRI ), A R 2 ] A A
A 1813 (o) I LG B2 S e , ok bt
JCTE [RVRE S BERLA 3 R, 302 R O AN [) A S
LPG B 5 AN [ A fu JE AR 2 6] R LR R, 76T
EERIUONAR Z HEHL A 5 i

TEFEAT I HAL A1 3 BT A IR, T] IR 0 1 i
BLCHHLJZ FER 8 1 D A e 2 b ) 922 4, OF

K3 (a) BEHLEHERL 7204 (@ 1550 nm) 5 (b) -3 FLe
HL 504 (@ 1550 nm) 5 (c) BEALIEHIE ) 55 T

Fig.3 Electrical field distribution of random grating ( @ 1550
nm) (a) and standard single mode fiber (b). (c) is the trans-
mission spectrum of the random grating
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Fig.4 Longitudinal power evolution of random grating and
SMF. (a) cladding power; (b) core power
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Fig.5 (a) Diagram of fabrication setup, (b) SEM image of
the cross-section of modulated region, (c¢) Calculated field dis-
tribution of transverse mode
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Fig.6 (a) Reflection spectra with different laser pulse energy;
(b) Typical transmission spectrum (laser pulse energy 1 mJ)
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