%2k HI10M b= = SO Vol. 32, No. 10
2012 4F 10 A ACTA OPTICA SINICA October, 2012

2 IRIET A B R B 5 S0 U 5

Y 1,2 ; 2 > 1 ml NSl > 1 A 1
MERT Hm4® AFE X W OB B OTRA HAL
[ RRBRBRIATSI LA SRR AL BLEXRSE. 0 100041
LR A BRI 5 L L 100044

WE NS MERH AT TR AW 2 )2 64 L5 A B e i G2 R vk . MO S BRI ki iE
THARAGZ T EZNEN. EXRE QR MWRZE0E B AR SR 23O R &4 —
TRE M 1) 355 3 S 2% R B {8 ) 22 J2 D 2 1 g O B S 43 ) o % P B T 0 A5 SO0 B 4 BE A8 58 o 1 E X
B EH A LI, BANEE AR B ZZ0L 15 A G R 5250 UL 43 2 19 5 B Ot 2R 38 295 2 30 X6
JIHE T, DT D 4R = G AR o s

KR O LR Gl 2 EOL s B b

FESES TN253 XHiARIZES A doi: 10.3788/A0S201232.1006002

Theoretical and Experimental Investigation of Fiber Bragg
Gratings Written in Multilayer Single Mode Fibers

Zheng Jingjing'* Wen Yinghong® Qi Chunhui' Pei Li' Wei Huai'
Ning Tigang' Jian Shuisheng'
' Key Laboratory of All Optical Network and Advanced Telecommunication Network of the Ministry of
Education , Institute of Lightwave Technology, Beijing Jiaotong University ., Beijing 100044, China
* Electromagnetic Compatibility Laboratory, Beijing Jiaotong University, Beijing 100044, China

Abstract The optical properties of gratings written in nonperiodical multilayer fibers are investigated both
theoretically and experimentally. The coupled-mode theory for gratings is extended to be applicable to the fibers with
more than one photosensitive layers. The experimental results of fiber Bragg gratings written in laboratory-fabricated
ordinary and Er’" doped multilayer single mode fibers confirm that such gratings possess the common characteristics
of the gratings written in ordinary one-layer-core fibers, which indicates that in a device using multilayer fiber as its
critical part, gratings written in the multilayer fibers are able to fulfill the requests for grating parts. The
experimental results also suggest that the inter-layer stress in core area may be a major cause of photosensitive
compensation for hydrogen-loaded Er’" doped multilayer fiber.
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Fig. 1 Structure of multilayer fiber. (a) Concentric rings structure on the cross section;

(b) redial distribution of multilayered step index

POLEF I 2 5] B ) AR X 5T L J& T B X BR OG5
S AT Z 20 E 6 S IR A R A AL bR
BT XY T SR A AT DL A
(E)(l',y,z,t) Z(e)rexp(jmgo) X
H h
exp(jflexp(—jawt), (1)
A o F B IR G 1 A AL B o IR
e i
T H S DL T JGE AR Z W 3T 3 20 22 7O A B

B AR L SR AR e R EAE T A 1 6
PSR T Al aE o OB [ — 0 i
ey (ro) AR AT R T BT I R 39 2 0 A 1 )=
W e, Bl 122 L DL FE IR T 7 -

dzey 1 dey 2 2 _ﬁ .
Tt (/zon,- == )ey =0, (2

dr?
Kb om J& DUSEIRIT RN B n, 50 @ JR T 5T 2,
ky = 2m/A WA X BIGFE LA PRI SR R (2) X
Al A 3] LP,, A 17 37 430 A1 i 238 X F

e, (r o)

B J La:;],, Cur) +b,»N,,,(um)]exp(jmg0) s
1[a,1,,, (w;ir) +b,K, (wir) Jexp(Gme) s kon; << Bu

kon; > ,8,;,1 (3)

A JONGTVK 230 45— L3 2 DL 3R e B e
i R RSB Y DL SE IR BB m R R I
BB W (2) 3 om By DL ZE IR T RERY SR L A il -

WL LP,, B 1L 5 W 8wl = kini — Blu»
w; =B —kini s a; b G ER TR R FRBAP
ESORCPNESPIR )= R N R DS i)

1006002-2



==
HHEH@:

s

Z UL A B A Y B 5 SR BT 5T

B AR 2R AL T R A RN

n, (i) = {

Nl

ng (1) + nac(i)cos<

27
—XZ

A )v > > e 1 e

4

r 2 Vico

i, KR EE - W R ER A ROk
M R e (O D e (O AR BRI IKAS @ J2 73
Prof ey it AL R, XA EAET 2NN
R, RIECLT RS A A JE G A Y S
B ROCLF X — IE MO I S 3R B, Hob G
(5637 AT LUS & N

E,(rig.2) = > [A,(2)exp(iB,z) +

B, (2)exp(—iB,z) Je,, (ri@)s (5)

Xrp p WX WHR 5. A, (2B, (2) 733 R R p
LAY = Bl IE ] A ) AR 0 08 AR IR e, TR
(2) 3 2B (3D 3 R A IE MG I S SRR
Wi b p R e, HHEIER CHE, Wi n, I
1) 22 10 7 25 5 e

V'E, + kngE, = 0. 6)
O ACA (5 3, 20512 A8 PR i 1) 1 B fd o3 0, A
(D) BRI HRR:

q

dz

exp(jpz) — dd;

B,[exp(—jf,2) +exp(—jh,.2) ]},

exp(—iB,2) =i DK (A, [exp(jf,i ) + exp(if,. =) T+
p

D)

A g ABARS, T SRAME RS p X
93 e0n =B, +21/As0,, = B, — 21/ AE p B AN
g MR Z RS RK, R

ky .
K, = Zan,(z)ﬂ)
AP s(DORSE ERXE., % FBG THEEH B

T i) A 5z 1) A8 ) R A A ) A S L B AT
Z A 5% A AT LABE— 2 TR A A

*
ey/J € R

rdrde, (8)

dR _ R s,
dz
dS_ iR —ir s, 9)
dz
Rof o = L5 + ) — w/Ak = KR =

Arexp(joz) S = B,exp(—joz), FHr [ Fem Hp  %f
F 15N S0 1 1E B2 ) AR 22 ) RS A, (8) b
S Uik — itk Nie =g —n/Ak =k =

%koznm(i)ﬂ ley | *rdrdg,R = Arexp(joz),S =
i 5(h

Biexp(—joz),
M B3R 22 RO 2T G A 23 4 T AR AT LA
SR AR R g T R TSRk B T A
W PR R B DL SO 2 SR, AR R 2 )2
JCEF B AT S AR AE AT 8 ) o (B B 53 A 5 B LS [ X6
PRETRFAE , X X HOGLF kUl 2 )2 453 TAEH S
G 52 e 2 2 R BEAE WG A~ 7 T8« O 2F SCRE AR
G R 5 F B, T T S A RO el

A BT E A7 L A5 R 20 A SURDG AT RO
BB A U [ 0 D' Ml P S R KR i R R

DL 2 () iR 1) 2 J2 64T M B iz b eF 78 C
BEA BRI ARREME B 2(b) 45 T 1550 nm J§
KOG R oA . 58 R BOB2F i 28 8
$r U B 3 A AN [ & 3206 2F 1 B A8 35 43 A e KAAAS
FEREA Y bl T2 A T e P o5 4T 2 i A Y (B BR
RRFE . AR A IR BRIS o0 A X i G AF AT BT A
FN Y FBG IE S In] BB R G R e & 3 s . 406
HUZ o N TR S XA SR 2.4.6 J2 (43 5 % 1
S5c PN e ] B S5 S0 15 47 J2 ) B s DA s S 3 1 A2
Al 3 L I WA TR BE 1Y) AL RN A B A DR/ L X
BT HEEAE B 45 2 B FE I - 2 B IR
BOrAH R BEAR. THE B H AL S B A A=
537.5 nm,n, () =1X10"",

Toie 2 B AR R R A R, 2208
F E'5 AR FBG #R I T 5 8% 3 6 £ B W i A
I WEIBERDEE  BEATE W 2 a9 Xk B T
JGEF 1 53 2 G OB S o3 A R ol A A X P Y
Sif T MR FBG 5 A S8 £ 264 1 FBG
A B A M G LF oE e — B O IRR M . BRI
PN, 1T 22 06EF iS5 i AR # 205 ik ] LLUid i 25
PB4 2 G HUZ B 07 B RN 4B A2 W B DL 4T Ml s
JEAE P P R R K

1006002-3



ot Es Ea {7
a
J® B e
B . 1.0
9
2 2 05
L2 -
0

1 10 i

0 &4 0

-10 -5 0 5 10 Hm ~10 =10 2 /pum

r/um

2 PR Z R ORL Y (O 3T B ARG (o) A7 73 A

Fig. 2 (a) Index distribution of a multilayer single mode fiber and (b) field distribution of its fundamental mode
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Fig.4 (a) Preform test result and (b) cross-section microphotograph for laboratory-fabricated ordinary multilayer fiber
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