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Characterization with the Simulation of Transmission Spectra in
Long-Period Fiber Grating Fabricated by the Point Exposure Method

Yoshifumi Suzax:*, Yohei Sawamora **, Fuminori Imaraxe **, Hiromu Iwara ***,

Takashi Yoxovcm **** and Seiki Eyma ™ ***

KR

Long-Period Fiber Gratings (LPFGs) which have a periodic structure in the refractive index in the longitudinal
direction of the fiber with a period of about 0.5 mm, convert incident light in the fundamental LPg; mode into higher-
order LPon modes through mode coupling. Because the higher-order modes cannot propagate in a single-mode fiber
but are lost outside the fiber, an TPTG works as an attenuator. LPFGs with different Bragg wavelengthe were fabri-
cated by using the point exposure method in which the period was freely changed. Just after excimer laser light expo-
sure, transmission spectra of LPFGs were measured. Furthermore, compared to the simulation, the higher-order
modes of peaks in the transmission spectra of experimentally fabricated LPFGs were identified.
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Fig. 1 The simulated typical spectrum of LPFG with
modulated refractive index in the core Az = 0.0001,
period A = 500mm and repetition m = 84 (total
length L = 42mm).
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Fig. 2 The relationship between the period and
simulated wavelength of the peaks of higher-order
modes (LPu~LPgs).
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Fig.3 Schematic diagram of our experimental setup of
the point exposure method.
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Fig. 4 Typical transmission spectra of LPFGs for
wavelengths of 1450~1610am, measured with an
ASE light source just after fabrication by exposure
to excimer laser light for the exposure lime of 158,
100times alternately with the period () 550, (b) 600
and (c) 640mm, respectively.
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Fig. 5 The relationship beiween period and
wavelength of peaks in the transmission spectrum,.
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Fig. 6 The simulation of the wavelengths of the peaks
of modes (LPup~IPys) in the transmittance spectrum
with 50~300 repetitions when the period is 640um and
modulation of the refractive index is 0.0001.




790 SAME, AT, ST, S O5A, MPES, (LR

4.2 BIELEHOZE
LPFG fEBUC W T, —ERF SR A R U 22t —
WHERER 7 — PR L, & —ERHO M 40 &

7. Fig. 612, ZOBDELEEEBEKE—F (LPe—

LPg) OV — 2 HBOBRIZDNTY I ab—v g VI
Ko R UAERERT, EITEZE%0.0001, R
i 640um & L, #05R LA 50 ~ 300 B2 TEHEE
Uiz, WEDBOELUERAEZ TS, Wihov— o3
BLFEHOAWI LA%h A, Fig. 712, K L%
HEEA - EOEBHEHOERSHERELE LY I v —
Ya vRERERT, RhoREIE, g4 0.00015,
A 640um & L=V av—Ya VERTHD, Tuy
bid, WREHRERT 158, M 640um TERL L7z LPFG O
EHRERTHD, YIal—¥aYiZBWT LPr T— FD
BRELLE, BB LUIEEAEAT S LS TE
LSBT Z &b s, 258, LPgE—
Fiooo Tk, #2038 LN 225 8% o ciE
BB AT 5 A%, 225 MBI E 300 [6 % co®E Tk
WAL C0E, Zom BRI BT AR S,
Tt LPy £ — Bz, B0 UER 200 [E LT
OTEETHEIIM L, 200 ~ 210 HizBWTRKE 20,
Zhp B DR LEEIC B O TS RIRE B A3
5. i, LPp ®— FOEBFHRICEOTEY I 2 b
Vv ERBRICHBABD TS S, ZOMELS, BDE
AR L3, RO E - FOZEREIER

Solid ¥ines: Simufations
© 30 M ddodulation index: 0.000% 5
Period; 640 pm

I
th
I

Plots: Experimental results 1P ] .,4-
Exposure time: 15 3 L s + L T ~
Period: 640 ym R 't

féy/?

k2
=]
1

[}

-
. N LP,
N

& ves
=3 - .

Trangmittence minimum (487

3

L
.—"‘
L L

B g @R '-.“
. - o
T L
P ot = L L I

50 00 150 200 250 it
Ropetition

Fig. 7 Stress distribution in 3rd (Case 1).

“

=
=

| | Simmiation ’
Period: 640 pm e
Repetition: 150

Transmission minimum: (B}

= = N W & w3 - 00
+

o 000005 0.0001 0.00015
Madulation index
Fig. 8 The simulation of the relationship between
transmisgion minimums and modulation of the
refractive index of 0.00002~0.00011 with a period of
640pem and repetition of 150.

M4 200 Cidhk <, HAE0RUBIEI B TER
LD, TOBRBDSTEZ RS LT L0 b o7
43 BIRREHeEE O
SEAHEREEIER A R TB I LENRST, 2 7OmIT
BEFAPNE EBLELHNS, Fg 8, A%
640pm, FEDE LRI L 150 @& L, @irLgis
0.00002 ~ 0.00011 O TEAL L =B A 0% 8H bR
DY Ialb—¥a YERERT, EITEEEMNENT S
DIZ L2 GERIAIE R, TP E£—F, LPaE—F
WIS BT AT 5 2 &b 5, Fig 910, B
% 640um, #20E LEEE 150 [, 354MRIEENRN %
5~30s & LTEM L7 LPFG OB/ A <& b Lkt 3
LPe E— F (1522nm), 4L, LPw T~ F (1596nm) O
=22k 2R B 2007, 30s 248 A 5 IR
ik TiE, 7 74— 2REThTLE 228
BMANL PALAHETE LR TCE RN, V3ia
-3 g v HEEREREROEN 5 L TED, LPFG
FESUIE D SE TR O BEHHER] 2BId 5 Z 21 & - TRIT
BAF LML, BEHUEBANT 5 Z & Abhh o7,
5 # g
FMHEARSUERZLILOTELRA Y VBXES

W, JEHTE 400 -~ 750pm O T%4E LT LPFG %

TERIL 72, SESLIRAIH, fRBLL 7 LPFG OB 2 <2
FABRBIRELA, X6, ZOARY LAY I o L—
Vg VEERLEBRET A I Itk TE b N R S
BIT Bz 45,

(1) fEELL 7= LPFG O3 A~s bAZHLT, 3 2
g YERS—HLAEEERE-F (Pr~ LPx @
B =2 PERICE, ZRFROTE- FREERIET S
TERTES,

@) MOECEHEEENTSICORT, LPFG Ol
AH BT B LPp B — FOY— 22k 3781
IEEPINT S Z b oz, —0, IPe B FOY—
2 s HEAEH - S 308 R L EEHY 200 Bl E T
L, ZO% 300 [\ F RN TS 2 bk,

(3 SSROMANEE AL =54, BHREH
BT AZ 812k -T, LPpE—F, BEU, LPy E-
FOY— il 2@ EEEP O Tha s 2 &
LY oY LR

BRBIZ, RFRO—Sds A bEET RS 19,
20 Rl E AL R R EEOHR A ST TiT» 72,
CZIRUTHEERLUE Y, &4, LPFG R, Bk
O, A~ FAHEEC BT TIEN O 2 2 L E R
Al A -

Z 2 X W
1) A.M. Vengsarkar, P, ], Lemaire, ], B. Judkins, V. Bhatia, T
Erdogan and J. E. Sipe, “Long-period fiber gratings as band-
rejection filters”, Jowmnal of Lightwave Technology, Vol.14,
pp.58&-64 (1996).
2) H. Kanamori, “Fiber grating”, Shingalcu-shi, Vol.82, pp.731-738
(1999).




3)

4)

5)

6)

7)

8)

FAV PBRRC > THERLABRY 7 7 43—V —5 4 VBT B ANS PABED Y 3 2V — ¥ a yERORRE 791

L. R. Chen, “Phase-shifted long-period gratings by refrac-
tive index refractive index-shifting”, Optics Communication,
Vol.200,pp187-191 (2001).

V. Bhatia and A. M. Vengsarkar, “Optical fiber long-period
grating sensors”, Optics Letters, Vol.21, pp.692-694 (1996).
Y. Suzaki, H. Twata, K. Nalkayama, Y. Mizutani, M. Yamauchi,
E. Izumikawa, T. Yokouchi and S. Ejima, “Apodization
Method Owing to the Finite Length of UV Laser Coherence
in Fabricating Fiber Bragg Gratings”, Japanese Journal of
Applied Physics, Vol.45, pp.9100-9102 (2006).

M. Yan, S. Luo, L. Zhan, Y. Wang, Y. Xia and Z. Zhang,
“Step-changed period chirped long-period fiber gratings
fabricated by COz laser”, Optics Communications, Vol.281,
pp.2784-2788 (2008).

Wu, R. Yang, K. San, C. Lin, F. Athassen and H. P. Lee, “A
highly efficient thermally controlled loss-tunable long-
period fiber grating on corrugated metal substrate”, IEEE
Photonics Technology Letters, Vol.17, pp.612-614 (2005).
T. Yekouchi, Y. Suzaki, K. Nakagawa, M. Yamauchi, M.
Kimura, Y. Mizutani, S. Kimura and S. Ejima, “Thermal tun-

9)

10}

11)

12)

ing of mechanically induced long-period fiber grating”,
Applied Optics, Vol.44, pp.5024-5028 (2005).

T. Yokouchi, Y. Suzaki, K. Nakagawa, S. Ejima, M. Yamauchi,
M. Kimura, Y, Mizutani and 5. Kimura, “Fabrication and
Estimation of Mechanically Induced Tunable Long-Period
Fiber Grating”, ], the Institute of Electronics, Information
and Communication Engineers, Vol.J88-C, pp.22-27 (2005).
“IFO_grating”, Integrated and fiber opticai grafings design
software program (Optiwave Corporalion, Ottawa, 2001).
K. Fujita, Y. Masuda, K. Nakayama, M., Ando, K. Sakameoto, J.
Mohri, M. Yamauchi, M. Kimura, Y. Mizutani, S. Kimura,
T. Yokouchi, Y. Suzaki and S, Ejima, “Thermal tuning of
mechanically induced long-period fiber grating”, Applied
Optics, Vol.44, pp.7032-7038 (2005},

Y. Masuda, M. Nakamura, C. Komatsn, K, Fujita, M. Yamauchi,
M. Kimura, Y. Mizutani, S. Kimura, Y. Suzaki, T. Yokouchi, K,
Nakamura and S. Ejima, “Wavelength Evolution of Fiber
Bragg Gratings Fabricated from Hydrogen-loaded Optical
Fiber During Annealing”, Journal of Lightwave Technology,
Vol.22, pp.934-941 (2004).




