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Optical Fiber Bragg Grating(FBG), which obtained world-wide attention
has been developing rapidly. This sort of grating has been chosen to serve as an
important component in the “Fiber Grating and its Application in All-fiber WDM
Communication System” which is our National Natural Science Foundation
Proposal Program. For the purpose of fabricating some practical fiber gratings
with high quality, we have carried out the detailed theoretical analysis and
experimental investigation in this dissertation work.

The main contens of the dissertation are classified as follows:

I. The development of fiber gratings « the mechanism of photosensibility
and technique of fabricating fiber grating has been reviewed. A classification has
been made among the existing fiber gratings, and the application of every kind of
grating has been introduced as well.

II. Based on Maxwell Equations, the coupled-mode equations of the
periodic wave-guide has been derived in detail, which make preparation to the
research of the light transmission character in the fiber gratings.

I1I. Firstly, based on coupled-mode equations, the character of the periodic
fiber ‘bragg grating has been suggested, and the analytical solution of the
forward-wave and backward-wave in the grating has been obtained. Secondly,
Coupled-mode equations have been numerically analysised, by using Gossian
elimination method, the numerical solution of the reflective spectrum of
aperiodic gratings(chirp grating and Tapered grating) has been obtained.
Furthermore, the relationship between the grating bandwidth . reflection rate
and some parameter of the grating has been found by changing the relative
parameters in the numerical calculation. Thirdly, using KrF excimer laser,
periodic fiber grating has been fabricated through phase-mask technique; chirped
fiber grating has been made through the double-exposure method; and the

Tapered grating has been manufactured using one-exposure photoimprinting
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technique. The experimental results are in good agreement with the theoretical
calculation.

I. Some sensing research has been made using the FBG, it is also used as
reflective mirror in a single wavelength optical fiber ring laser. In the first time,
a multi-wavelength fiber ring laser has been obtained by using the tapered ‘
grating, and the tapered grating has been tuned to fabricate multi-wavelength

tunable laser.

Key words: coupled-mode equation . optical fiber bragg grating . chirped
grating . tapered grating . reflection spectrum . optical fiber

sensing . tuning
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Ap)sinh(SL) + iScosh(SL)
x{~(88)sinb[S(z - )]+ iS cosh[S(z ~ L)]}

X,
=—=¢" B
G, 2 ™ B(0) (

(3.8)

B(2)e” = B(0) (

AR =0, K
A@)=B®{fi)SMhEAZ—LH
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SR B EER 100 % HEEH, s~1: MXFHEWERR, s=05.

AG8RXALUE W, Bl HS cosh 1 sinh WEERES K, KAHHFH,
MR RBAHEREPET. H, FARNDIEA BEEAE
Mot 3B MEMAR R PRI B BT, m T, AR E S AEEE
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1

A®D = nk, L{g, _E"ZI(PH + P&+ Pp&lt (4.17)
B e, e, dMANTHMANTENMPARNE: po poREAHABRE
B ko hBEH.

SR A XTER LSRN Iph(59]):

3EIAx
p=-"p (4.18)
Hrp: EAMEMBKER, ChRWRSE,

e, ANRAANAS)XNBMATEH THEE KB R AATHEERKX

%:

1-A :
M= 6 (1= vy, + (1= V)pa (4.19)

Hor, vAmA, EAXMITETERERIAISNK, HAFREFNHE
YETE, 29409997, WR4.457 % .

ERERREZTBULTILA WA

() AT BER NI SBBRERME:

Q) BRIKNREHERWS.

(3) JGET RSt BT FR # k

(4) BN EATT A B

EERBUEJLAA REEARE RS RERAAIRGENEF R
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1559
1558
1551
1556
1555
1554
1553
1552

Wavelength (zum)

05 0 05 1 15 2
A% (rum)
Bad, THEKSHTHRERBRHRR
X BERBEHBE, REESNBANER

4.1.2 AR WA BB PN

B 70 SEREY, AN LT BO6 2 (Fiber Laser)i#t 17 T IR EH A
B8, BEIEA LR E 06 B8 R 7 80 AT #, Bl Davidn.Payne 4
SHFR A PAERBH L REEDK 1.55um FLBEBREHRBERIEA W
W GEE R, BEABMBESEW,. B %Y ( Ertbium-doped Fiber, EDF )
AARBMMBEMEHNE, KHMAERE, A TAEXBENE=ZED
1.55um W, BREMIIRAMNMKIE, BAIRERKEE., XEEHN
R G AT M A 0T A5 R A A IR AR 100,

547645 R P 0k B A B0 (LD R 6 = R E(LED)A L,
MOGTHLBAFUTHS: DHTFEERHRAMB/ERLL, HEHRNER
B, #ormEBRE QEXGTHTSEETERLRIDPGRE: G)RE
WIEHE (15300m~1560nm ) ; (HIFAILLF, B TFHEK. ELFHHE, H
WETTRI SR AR R S FTAERR AT ERATXH
FHARGE. WSRO AR. RFEREERE.

—, REROLRR MR
1. JCEFROGCBSIRG B 24T
TEBADGLFBOGI R, AR, KR M 28 7T %R A1,

6(r1) = s&n{g(l) L+ g(”; alr) xv[ 11’;((5)) ]} (4.20)
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W, g =0, (M)A, aM) =0, 4, o, =0,4,p FHIAMMRE, FHE
BRMEMBBERER . o, HRMBEERT, o, O RS, BHOREE, pHER
THBRWKE. A, WERRESRNERRS, n, AROET -G LRGN Bk
FEAE, P.0), P.(L) WEMETIBIICET A VALFHH DA KEIhR . hBOGHIR
AT BRI A OGRS e KL L Rk AR

p,(L) gL -M[5, W]
xv[ Pr(o)]z"“” )+ ah) =-o,¥(A) 4.21)
Hop o ) A HOLRR B BRFE.
WAE DT B BRI BOCHROCIR RS I K77 LUF %5 &

(1) FeLF 86 R AEIE TR 1553nm AN 1533nm B ik B B

(2) WOGIRFE533nm~1553nmFT — 383, BIEIER LA BOLR R EIBITEN
R, EEEOCRBTANTEE, ARSI, FHHHIaTMAEL. A
PR, BEEAERENR T RS A0 TSR, M, BELE
13550 R MR (H Y ELTE 1SS 3nmi BLBH IR « HBOGI IR S A BB MR AT L T 1
TR T RS, WA GRR R, SLI 35T 47 19 35 40 R % o (L Hh I 7E
1533nmig BLPHE . 7 LATE BB 35 8% AT O B8 R AR TEZE 1553nm AN 1533 nmP 4~
BB, 0 LI A i BRI AT — BT . '

(3) ¥R R — N, 701553nmE BUEIT I K REROLK B it
PR 1 IV S0 0 0 RS o A I NS I PO SR 4B AT 76 1533 nm B B .

@) REERSHEER, D6TH T KN, BO6RIE1TF1533nmik B,
KT K, BOREIEBITFI553nmit B, MM HRAKE, BRm Kk
.

AT AR R E, SSRGS, RIS5R2PSmKHBH T EN
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Ko
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EDFKf¥(m) G HEHEAE (nm)
30 1566.5
24 1566.4
5 1532.5
1 . 1537.4

F AR KRS M ALT SO e i B

B KEm) ik HREH [nm) FWHM[nm]
4% 1574.05 1.58
30 10% 1570.70 0.95
90% 1568.35 1.77
24 10% 1567.09 0.98
5 10% 1559.5 *3.8
1 10% 1537.4 *5.27

2 RRGATF LR, A

2, BHDCEROEIRIOREACE RILH 0 AT
BUDETROCR AR RE x 51

-
1= Ag yI-1

b, v B EHFE, CAREREGFG. RIIA (4.22) SNATLIGRIR R Y%
x SN TIR RN T
Ay r-1
x=k~{l—e&n[—a,,v'(X)]}r/(u, ) (423)

{1 - eEnf—o, Y]} (4.22)
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M 423 K ATEUE W, MRk (420 KPRAME L RILR XTI, &
JHER AR EMERT, AR L RS LT #R (0<T<D)

B RROL B M,
P O p Ly [a(}“)1+)“v(r )] (4.24)
" aM) +g(n) ’ or '
Hi, P =@—L—A—, BR, HAMESSWREHXRR. EHAESRENHE

Prat o pT AP

AL, PIERE FERRE A i hn .

=, AAYSRARRAEMEARTFBEIR

EDF
150 OUTPUT
3dB
980/1550
WDM FBG
980nm

Bas, WURMATAMAERERARIREER

BB EME 45 xR

TRFEHOERBEREDPHRESKFTREL B TR TETNR
R AR, WBER K 974.5nm, EREH 2.4nm, BEMBXNHThE
K 38mW , TRPH/AIMKAFMIDFEANL 2TmW : BEGFEBRES
F 46 FTIRGLN, HRIBIDLAMNMNGHERTNKE. BRRE.
EADRURMBBEASRETESSHHRR, NARNUARNIAR
R, EHT om KEENF: AWM T LKA 1560.50m , RETERN
98%, F /AN 0.1nm.

M LEFATUBHRM P LEKBEYRENRLEY WE 46
Fim. WORhEN 4.26mW , LK K 1560.550m , W RLAHA 0.1nm .
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41!:1 dok AUESGEL #k
S Sm . 5Purdiv SPECTRUM

97.08.24 11123
L. AUWR 1

1.5575 o, 1.56 1.5625
wi 1.56051 w2-uw1 9. 1nm w2 1.56861
RES @-1nm Wp 1.56855 Q.5rm div

47, HYAHATARTERIOLHRLRL

wx QUEIEL o i
—11....2dBsdiv SPECTRUM  AUR 1

RES 9-2nm 2rwm-sdie

B 4.8, Tapered JGETFCHMFR IR B Mo i
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4.2 IEFR Tapered X £ 6 #F i NV H
42,1 A ERE Tapered AR WARSBRAAFREEER
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980/1550

WDM Tapered FBG

980nm

&l 4.6 Tapered T HMABEHARTRKER

TRERESHSABATCMIBEEOERMXBHER, REEEX
i 38150 B SR J6 4 6 M 3 B T IX BLIY Tapered Y476, EBEBRAMT —4
HEHE—-HERATAVEOER. A TREZEAE, BHFNLRER,
FANRBTHED 20 ZERNESHABOLRERITRNARR. LB FHANG
Tapered 1l & BT HFHI 09, =4 R4 8 S OB K 4 50 1530om . 15310m
15320m . HFPEIKERSREFLHEIEL, BHERRARSE
K, HMTREAZDDEBFLHNGEE . L BIHMULIERN 24 BEM
PEBOG. M EAMFNIES, B8 153 nm W ER L. B
B F — PIRIOPINATH T, R —@Y, MR =ARERANYE
sk, WwE470R. H, BN RNIERK, XF - 11dBm. A
2, BEFHE=1EIMLOELIERE. DRESHE - PRERKIE,
MR, =0 R BT HEE, WZBeRnERTEAR
. FHEAE WOMIEEAASETHEKBRNA.

4.2.2 Tapered Yo & Yo B RO 8 B S 1

LAY RIH Tapered 4TI T Lk KB A BB, WRIMZALT
JCM AT, WEBETTIRME B KBTEOE. HW B Tapered
FEET MW IR AT TWIFL. MW RBRBIRRE, &AM L
Hid R 1 Tapered 4T RMBEIT T AW . LRERME 4.8 Ffin:
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B 4.8, Tapered J6 &1 6 40 i ik i 48
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EHBTEERE, BT R R S MM B RZER IS % 4 i & AL i
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[ 503
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ARG
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6nm , SEPEEEN 0.995.

=, MAYSERATMENBOCGRIRIEH R ST, ERT R
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g 1dB div AR 50

-59.99:

-7 : : : il n | : : : :
1.59569 P~ 1-35619 13669
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