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Abstract

University of Shanghai for Science and Technology . Shanghai 200093, China

Spectral characteristics of three-layered cascaded long-period fiber gratings (LPFGs) were analyzed by the
coupled-mode theory together with the transfer matrix method. The effects of the length, position of the fiber that
connects the LPFGs on the transmission spectrum of the cascaded LPFG were discussed, and the transmission
spectra between the cascaded LPFG and the phase-shifted LPFG were compared. The results show that their spectra
have great consistency when the length of the cascading fiber is small or the cascading position is near the end of the
ascaded LPFG. But when the cascading fiber is large or the cascading position is in the middle of the cascaded
LPFG, the spectra of the cascaded LPFG and the phase-shifted LPFG are different. These results agree well with
the spectra and the peak values of the spectra.
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the corresponding phase shifted LPFG



10 39 Az A = AR G IR I I A £ a3 o 1 1535

ﬁ( y‘jtal
1.458,n, = 1.45,n; = 1.57,n, = 1, £ZFiF3 37 54
R 0. 0004 GG A 520 pm,
3.1 RER LA BE X 4R BK S Mt e i B9 B2 i
B 3 NGO A K AR A Bk LPFG 1 4% fi
WL IE S5 AR LPFG W12 f ik 647 7t . i J81m)
HL AT HEE LPFG, 4 LPFG1 il LPFG2 [&] ) 2% Bk
LK d BN (d S556HHEBAF ) , 98k LPFG
F A% i i S5 A RS K/ 2ned /A B RIRS LPFG 4%
A — B8 3Ca) ~ () T 24 d B Wi R 2%
B LPEFG 1 1% i 1% 5 %5 W 09 AH B8 LPFG A 1% % 1%
V18 D 22 320 7 38 O 52 B M O 4 AN T 1 R B R R
LPFG 1)1 i 2 H BH 8] bR 35 57 L 28 58 75 11 22 4~ 46
FEUE (P 3(d).,
3.2 QBRI B X R EE S i Y 5
FEAS K T 13 M e AR RS o7 5 17 e A 25 % S

= 2.625 ym, a; = 62.4 pym, n; =

10t Tqs0
08t |
=
.S
Zzo6r
=) Vol
£ 04r il I
I cascaded ‘\/ i | { phase shifted
= ANV \V¥i
02 ' Y ]
00 F (a)
1500 1520 1540 1560 1580 1600
1.0 f
= 08F
2 i i
206} \
=) \ /
Z 4 / o
s 041 i / phase shifted
B cascaded | ‘.-
02F A
(©)

ol— \ . . . N
1500 1520 1540 1560 1580 1600
Wavelength /nm

AR I E A T R B K
B CA b IR G 2T 57 Y A A X O 1 10 5 et A
WK DAL K R 9. 5SS M a9 0 9 Bk K
JEL S CH S 151 0 A GBS A% B 1 A

K4 MEHT g=0,q=0.2,q=0.3UMq
= 0. 4 W ZRIBOEH 9 12 far 3 . L 45 ) 7 AR VAR R
/N 2nd /AR AR B K TR G M O A% i . ATl 3
Ca) I 7 o 2B G 21 7 B 7E o ) i, OB 3G BR T %
IR EERH L 0 RE RS R S O M A R A S BT S X R
F18) A2 i 45 FE 048 A1 A0 3 8 IS/ ) SRR 0 L 2
PIBGELT [0 IR 8 — € WAL E S . an & 3 (b)
Ce) T » SR I5RA J) 30 S A% i 33 2 %0 R 1) 1 4%
PAFEUEAT SR A AE - H r ) (9 4% i R AR, IO 2F
Ak 2 1) IS 3l B g dREE08 I, an sl 3(d s,

AU 2 O — A0

Transmission

=

.2

£

g

=
00F . @)
1500 1520 1540 1560 1580 1600

Wavelength /nm

Bl 4 FESGLF AN [FALE I Gk LPEFG 54 0 % LPFG % 4k
Fig. 4 Transmission spectra of the cascaded LPFG with different cascading positions and the corresponding

phase shifted LPFG

3.3 ZEEMFRAEBHER

DA B I8 R B A 5 08 GO A A A0 B 1 1
Ol o i AT A X 5 T . K LPFG A
ASFRAERE PR B PPOGEF B W) 16 A 1 K/
HArX Bk LPFG (858 A% 18 1T P BOEME [l
A —E K BERMBIEG AR 1o 0 B9 FIOL LT 91 O »
T 55 — BB LR eI iR AR RS A 0 i is DL A 5
Bk . FESCBREAE S R b 5 T BRI AL AT
WA LE 268 — BOG LT el ol B8 2 — 5 (1900 4k AR A7
ARAT o B 25 X e — Rl i 0

545 TRy 1.5 A UM E .
HEAARMBE RN 3n/4,7.37/2 LA} 27 BO1E T
W, MWEHATLLE M, YA R 3n/4 B 15 i1k
FBE A AT BT — AN B (B 5 Ca)) s S AH S
ARSI R B o i ARG 5 A M — 2 (& S
(b)) s 4k S K3 3/2 BF L /N AT XA 3 T F B AHF
e (B 5 (o)) s AR EE3G KA 5 2 B, /NBH A
B 55 i BEL A A 24 A% i i 52 O X FR A5 A (LS
(D). SAHBEMA L FEAR RS =R 3n/4 B, 1
XA A A BB B /N BEL A B0 AE A B — Ml i



1536 H i b 35 %
1.or 1.0r
0.8 0.8
g 8
Z 06 Z 06f
g = = £
2 04r d=1.5A, p=3n/4 Z 04l
s s
o2t = oalk
0.0F . ‘ . . ‘ (a) 0.0F (b)
1500 1520 1540 1560 1580 1600 1500 1520 1540 1560 1580 1600
1.0F 1.0f
- 0.8F - 08}
.2 .S
3 06f | 2 06f
g o4l g
£ 04 4=15A p=3mn2 1 £ o4t
= =
02
b 02F
0.0F ()
. . . . . b ol— . . . " :
1500 1520 1540 1560 1580 1600 1500 1520 1540 1560 1580 1600
Wavelength /nm Wavelength /nm
B 5 GG A A i 1 1% s
Fig. 5 Transmission spectra of the cascaded LPFG with different phases

A LPEG A9 /NBH 7 B 78 I 4 48 3 — 0] 5 170 24 46
Bl 3n/2 W, GRS A AR AL sk /N BELAS B AR
D 5 et — 0 T A RS S A B /N BELHT MR B D K B K

—.
3.4 HIRSHx GEC S R
3.4.1 LR A AIE LPFG # ik 4 % v

Ve R EOCLT KB 1.5 A6l 3 i i
W 6 B 7 g3 gy T R R B AE 100 ~
2300 nmn PA) 19 2 B0 I M A% i 35 114 08 U 6 S R 06
I A B vl JE R FE AR O &R . INIRL 6 AT LU M L T
ML B AF 100 ~ 425 nm, 600 ~ 1500 nm, 1900 ~
2300 nm =A™ ] PAY Py 0 D i 4 1 o il 5 49 R
T 1) 6 3B S 7 1) B8 3l 11 . 78 IX 38 600 ~ 1500 nm i

%H%FT“XT%%J AL E R BN . TR 7 ]
DECER %E?IFT 4‘7@[%]5?(6oo~15oo nm) f&
g 1565t
£
£ 1560
g 1555}
[=F
% 1550}
= 1545}
S
1540}
=
2 1535}
<
33007500 000 1500 2000 2500
Thickness /; /nm
PE] 6 g 5 JE 3 X il 06 137 L 1Y) 5% )

Fig. 6 Effect of the thickness of the film on the

transmission spectrum

0.22

<

%)

S
T

Peak value of the spectra

1000 1500 2000 2500
Thickness /; /nm

0 500

VRl 7 R SR 3 T WA {450 FE 114 5% T
Fig. 7 Effect of thickness of the film on the

peak value of the spectrum

1570
1565
1560
15551
1550
1545
1540
15351

1.5

Attenuation peak position /nm

1.7 1.8 1.9 2.0

Refractive index n,

1.6

(&l 8 JHE I 3T SF 2 X 3 a0 7 11 5 T
Fig. 8 Effect of refractive index of the film on the

transmission spectrum
AT R MY VAL A RE o
3.4.2 BRI F BB LPFG 4 #r i 69 % oh
8 FE 9 3ol 45 1 W RE AT S R AE 1. 57 ~



10 14

RGeS =R G UG I A i A 1537

1. 97 P 1 2306 D A A fh 1 e 0 06 A7 88 R 0 {1 37 B
WA SRR, WK 8 W LLE H, W AT
B4 BIAEL. 57 ~1.63,1. 65~1. 79 fi11. 81 ~1. 97
A Y1 L P R R D 0 RS AR T S 25 1 R 1) e I
K shey. miME 9 a] LA H, 2 B 47 5%
FEL. 6TFNL. 7730 [ P9 I A% A oi A A58 R I W B 41 4G

0.6
05F
04
03r

02}

Peak value of the spectra

0.1}

1.5 1.6 1.7 1.8 1.9 2.0
Refractive index n,

PEL O YR I A S5 24 0 e B 450 1) 52 1

Fig. 9 Effect of refractive index of the film on the
peak value of the spectrum
:l_: N
4 45

) FH A i R 3 0 A T R Ak B O T R BE L7
B LA R S B A ) = SR R K] 1 A i
AORCI . 5 ZR I A A b i PO 2T K 5
LRGN b v S G R PN
2rd /A WIRIRE MY 32 5T 't 3 s OB 2F KB K
I AL T o B A 2 AR RO A R O A 0
X LB L5 R AL 2 Gk LPFG A — 8, i T
FHRI M ARA FHRAMARFL AW O . 8 el IR
R o YR JSE 2 RTS8 AE  =ASAS T DX ] e A
T Yl WA 7. A i 0 IV 2 R ST 3R 494 4 DR TR 1) e
KI5 1 K 2l » L 25 0 5 52 A0 9T 5 5 A He v — A
o XTI £& G i A i (B FE R R . h Tl IS
RO g LPFG A% fan 1% ) 508 0 g 07 F5 1 0e {F 54 4
R/NERSE MR L AR 4 2R3+ A 552 B I A el DA 32 %
P 2 B IR S ik B BT E R RE IR BEAR 1 H Y
IX A RUBH A U8 B BETT R T BE 4R .

& & X #
1 M. Vengsarkar, J. R. Pedrazzani, J. B. Judkins et al.. Long
period fiber grating based gain equalizers [ J]. Opt. Lett. ,

10

12

13

14

15

1996, 21(5).:336~338

K. O. Hill, B. Malo, K. A. Vineberg et al.. Efficient mode
conversion in telecommunication fibre using externally written
grating [ J]. Electron. Lett., 1990, 26(16):1270~1272

D. Kersey, M. A. Davis, H. J. Patrick et al.. Fiber grating
sensors [ J]. J. Lightwave Technol. , 1997, 15(8) ;1442~1463
F. Bilodeau, K. O. Hill, B. Malo e al.. Efficient narrowband
LPy;-L.Po; mode convertors fabricated in photosensitive fibre:
Spectral response [J]. Electron. Lett., 1991, 27(8) :682~684
Chen Genxiang, Liu Chunning, Li Tangjun e al.. Study on
long-period fiber gratings [J]. Acta Optica Sinica, 2000, 20
(5):624~628

PRAREE X 77, A & KM emnomracl]. k%
F 4R, 2000, 20(5):624~628

Cui Liping, Wu Yaming. Spectral characteristics of the
cascaded long-period gratings [J]. Acta Optica Sinica, 2005,
25(8):1019~1024

BN, S . IR R O i R LT, b F F R,
2005, 25(8):1019~ 1024

R. Hou, Z.
long-period fiber grating response to refractive index higher than
that of cladding [J]. Meas. Sci. Technol. , 2001, 12(10):1709
~1713

Ghassemlooy, A. Hassan et al.. Modelling of

Gu Zhengtian, Xu Yanping, Gao Kan. Optical fiber long-period
grating with solgel coating for gas sensor [J]. Opt. Lett. .
2006, 31(16):2405~2407

Xu Yanping, Gu Zhengtian, Chen Jiabi. lLong-period fiber
grating thin film sensors based on cladding mode coupling []].
Chin. Phys. Lett., 2005, 22(7):1702~1705

T. Erdogan. Cladding-mode resonance in short-and long-period
fiber grating filter [J1. J. Opt. Soc. Am. A, 1997, 14(8):
1760~1773

C. Tsao. Optical Fiber Waveguide Analysis [M]. New York:
Oxford University Press, 1992

Xu Yanping, Gu Zhengtian, Chen Jiabi. Effect of surface film
optical parameters on the characteristic of long-period fiber
grating [J]. Chinese J. Lasers, 2005, 32(11):1519~ 1524
ROV UG L R SR RE . TR )2 S BRI U L 27 S Al 4 4
ML), F B #k, 2005, 32(11):1519~ 1524

H. Ke, K. S. Chiang, J. H. Peng. Analysis of phase-shifted
long-period fiber gratings [J]. IEEE Photon. Technol. Lett. ,
1998, 10(11):1596~1598

T. Erdogan.
Technol. , 1997, 15(8) :1227~1294
L. Tallone, L. Boschis, L.
rejection filters through fabrication of in-series long-period
gratings [C]. Opt. Fiber Commun. Conf. , 1997. 175

Wang Defa. Study on spectral characteristics of phase-shifted
[ D]. Shanghai:
Dissertation of Shanghai University, 2006. 34
EE. MK L OLHNE S S R AT E[D]. R i
R 24 (AR 30, 2006, 34

Fiber grating spectra [ J]. J. Lightwave

Gognolato et al.. Narrow-band

Master 7 s

long-period fiber gratings



