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Abstract

Abstract

The research on large chirped fiber Bragg grating (LCBG) is an important
part of researches about the fiber grating devices. This thesis gives a detailed
discussion on the design and fabrication of LCBG. Conventional small chirped
fiber Bragg grating (SCBG) usually has narrow bandwidth and large dispersion
for the chirp coefficient restriction, thus is unsuitable for acting as broadband
filtering device. But for the LCBG, it has large bandwidth and small dispersion,
thus is easy to be applied to broadband filtering, amplifier noise suppressing,
gain flattening and fiber sensing, etc. The thesis analyzes the relation of
wavelength reflectivity and refractive index modulation zone, the relation of
wavelength reflectivity and coupling coefficient under different chirp
coefficient, and the relation of wavelength reflectivity and coupling coefficient
on different grating position, which are the special characters of LCBG.
Moreover, an interpolative inquiry algorithmm to design the broadband
controllable filtering profile is proposed. Through discrete layer peeling
algorithm introduction, the reconstructions of several kinds of grating structure are
realized. Through constructing a special refractive index modulation distribution, it
is easy to obtain other filtering profiles when the large chirp coefficient and phase
mask length are constant. Some special profile filters are produced using this new
simple controllable filtering profile design method. Different refractive index
modulation distributions along the grating length have been achieved by controlling
the pulse number from the excimer laser and beam width during the grating writng
process. The reason about non-uniform channel reflectivities existed in the
broadband multi-channel filter is also explained in the thesis. Two feasible
approaches, non-linear chirp phase mask and constant sample period method as
well as changeable sample period and constant chirp coefficient method, are
proposed to resolve this problem. The multi-channel equalization filter is

designed and manufactured for the first time through the refractive index



Abstract

modulation distribution in the condition of large chirp coefficient. At last in
the thesis, a novel grating period sampling design method is demonstrated
firstly. The characters of this kind of grating are muiti-channel structure and
different dispersion at opposite side of the central channel. It is designed and
simulated to use in the system dispersion compensation. The effects which
may be confronted in the fabrication are also analyzed.

All the above results are positive to promote the research and
development of the area about FBG.
Key words: Fiber, Bragg grating, Large chirp, Filter, WDM
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FIRERS 160 MBEERGH HH EEMA .

RESFBEAEST 2000 FRATHMEFERE BRTBAKS, #H
VA EBM ERE kK. B, XHRENTRE, SR ENESHEHIN
AR XFEORBIFALSZEEGRNTRUR CERBAEARZ LK.

JCEF UL R LG AR Yot R RO B 2 ATl et AR



$—E A

EHEASZNA, FEh TR TELWERMGTRE, X -SIR5IET
WAL ERE. SA BB ER SRARK, BARFEE, WEHERED,
HHELE R T, EMBRAEE, RATEFRETHNEELRERMS. ©
HH I, RREAMTEFH B EALTERERETHRLEESE MR WRRT. ERK
ABERETPMBREARGAMRDFHEENERE P BERF S AHRLL
ik

1.2 BERFREAMRRRENER

FEFHIRAKBERT 1978 FANEXE R EFEFHIP L, HKO.
Hill ¥ A A —MHEHA A RSN N B ZIN L Ak B,
RAKMH T, HEANAELHARACHARATRRBER. Hx%
M EEPYE RSB RE. #RENE. 4 BHES. BENE
WP E A B AR B E T WSS M BRA#HES, 8 55 A 80
. RAAMERNA LRENELELE. AR, Rk, b
TiHERE. ATERE%. .

T4 & H avE bR E WA R SR B R SR
(1) JeeFeBIER ZEE BB RN

%E Alcatel A8 7E OFC2002 £ LMET Hii SOnm, {FHMEN
200GHz MEEHEEMEERMY. %A AFAACERMEEERA SR
%, RIEHBFRERRAEH. XM RAHEWE 1-1(2), JHlir xR
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BEE EHHE B 2 e A0, R M /It TT L R B R — IR e
APIRETE ARG T ABE R, EE WA KE T AEE
ZA BRI, R MRS T AR A 8 S R R A R R R
BRI SIAF BT LT LR EANEREEIIM TS TEL: 998
BT R K E T AL, SETHESER, EHRASHE
MABEEECY: AR OB BRI AR, ERBSERS
HEEHCYE, EMPIREM A S M ACIES, BRCLHERENA, B
RS DEREH, FENFREIHERNMAL, & LHEN BRBBERME Rt
(3455561 /INRk 6 47 S M By — L B ST A A R Bk ek BT KT, 28 2k Stk
BOCIRAOUARAMECE, SRR, B A o B g,

REFOLA M ERE R — AT lom/om, REFREFEXTF 100m,
FHitHBEAR T AEBOL RN, WInTTH T B R RS 8RS KmE
0, HOKCEORE S TD, BN AR R e, AR
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B—8E %

(B 75 1 25 A KBEBOR A i R o A T, T SRR S AN T EN
KOEWKERYaMa8 1 . o F B P9 S0 508 7 6 47 Dt M sk th s 2 41 %3 K HRWK
WX R E AT BANARENT, FRXNETEANE
TERMBEAMEAPRETRARRAENF R, SEWREER. i%H
il 2 A BT SR LK LT E L S N R Thk.

1.5 BEBINETERNS

AW OB B KBRS S Bt 0, BT S e
. BUERIRE. W T b BT LA Mk

ARE-BHEENFTREYRNRE R, B-HEIERS, Hn
MATABENEBES. B-WART 29 HFE AT T TR A
Bo B RE T KEBOLT ME B 15 P ) — Lo R . 2B P0H o A T AR
FEE AR X, B KBRS JEl B0 25T 0 A SRR 1

FEE-E P EENE T R M4 RREEDLD). SN AER
THAAMOTERE. BV TRAETEASRERSNRS, 8=
A P A T M S SLE R B0 b B 4 S BB T L
HRRRIGRA M. EEFTNET DLP HETN RSB TR HHE
B, BATPLHT A DLP EMEEEMMT N — SR m, SHrEs
ETEMT TR KBTI

FEEZEP EER T ET BB S H S8Rt B
AT KBRS, B W PSRN T B RS AEE
EHIE R REAFE DLP EEis % B3, 8 =W A48 T XTI
AR T IR I ST

EEMEF EETIE T SEEDRYEIE BT REE. B—Thes
BH LR BEBR N E RN A TEE, EEE LR THEENE
A, #HTRHHETRRRTR. BoW PS4 XRARES TR RHEL5HE
PR A, R T ET AR ARSI RS B R T 7, B
HIEREI T HPLIEB R 0 B A5 M D R AL B8

ESEER EETHE T HAS RO K ER ST M. Wb
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R T BBRCEROGH RSN, 2 T RS TEEEB RN EG, &
HT=mHnirdE. BZHPHMAZRRXABOCRE S T2 FEEBES. £
BV E R T —FE T OB P RSSO R B R L £ i o
Hit, ARG RRARBH LA T RTERRRN AEME.

AR SCHTRE B 4518 K 7E 3 3 18] BB R R R R i SO L
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FIE AR IENEE

BEE kAXMOULRIEZ

2.1 KA HEMLHEN TIERE

TR A A (FBG)I A MBI, A4 0.523um 4, HIAMP R
& FUR AT E MR S0 5 R A A0 SER A [,

FBG Hi3r 5F FA LA B 7 1 B 2 AR FE s AT s

m@)=n, + f (z)Ancos(j'(:) z+¢(z)) 2-D

K, n, ARETHIBGTHE, A hinGERGEREEE, ) AirsisE
WHEEEA AR T, A WABETF, o) AMLEF. ¥ ERZAEFHAT
W, 7T LR A R RE FBG. 840, Xt 1 (2) IRHIAT LIRS 1B EAR, 3 A(z)
HIREI AT LR B RO, 3T o(2) HAHIET AR B L%

2.2 BERFEMERNEREZ

FEHXET Bragg Yt RIRAE A ARMEX L MRS T ARS R B
B FRBARBOBRSHTRRAEREEBRN RS T,
AR FEHT 2 615800 FRBIHH E Maxwell 7712:

d’E -
201 @y B =0 @2

FERMF, THENHRY n(z) B EICEME, ZBHE. REBES
T BAH BB AS R KB T 5 BRI CE R T 47 55 3 1 thl iR 2

’ﬁchﬂgﬂlﬁ) H
n(z) = n, +n, cos(Kz + @) (2-3)
K=2x/A

R ARREI, ny ACAVIRITEE, o BTG RARREEE. WY
n*(z) = ng +2nyn, cos(Kz + p) + n! cos’ (Kz + @) (2-4)

HTF n <<n,, EAPE=TUETDTRFHH, HLT28, RARE-2)F



BoE RO EEH

d ;'ZESZ) + %2- (12 +2nym, cos(Kz + @))E(z) =0 @5
o FEREARE, RAREHERA AR, R nfE R
i3 -8
E(z) = A(z)exp(—ik,z) + B(z)exp(ik,z)] (2-6)
ky=2m,/A=n@/c
RABIH(2-57 B E:
2
Ae™ 4 B'e™ ik, A'e™ 4 ik, B'e™ + Z%non, *
¢ 27
(de™ + Be™*)cos(Kz + @) =0
i F IR 2 AR, 4| <<kod| B|B| <<[k,B], W ERTA,
2ikyde ™~ 2ik,B'e™ =22 _nin (e + Beo)*
¢ (2-8)
cos(Kz + @)
LR PUR R L expik, z) — LB 4 -
2
ihod ~2ik,B e =25 _p n (4 + Beth)*
¢ (2-9)

cos(Kz + @)

HTTE z MERBRSFEIEF, <cos(Kz+@) >=0R <exp(iZ2k,z) >=0, FT&:

2 ”
ik, A awa-)-z—nnn, < cos(Kz +@)Be™ > (2-10)
c
BT REEABACE K = 2k, BT RS P94 H BRE M, Wik
A = _i_ainlBef((ﬁkwK)z—vp) (2-11)

EREUEFHABREAER:  cos(Kz+ @) = (exp(i(Kz + @) + exp(—i(Kz + 9))) / 2
EXEESREc=on /(2)=m /4 , FANREA =2k -K, MHE:

A = —ixBe*=® (2-12)
B4 BT RAZE 3X(2-8) 5 i 7 B 98 _ exp(—ik, z) AT LA3 3
B = —ixde ko (2-13)

B EBMARAUBREXT A@RARE:



F_F AR LERMAEE

A ~irkd -x*4=0 (2-14)
LB EREA -
A(x) =[C, cosh{sz) + C, sinh(sz)]e"‘*'?*~" (2-15)

R s' =5 —(Ak/2)? T C A CARAFESERENFEERY
3 (2-12)RT 4.
By = Leon 4 @16)
K

ZERKEN L NSRS EE TR RA:
L E©) _ BOe™ (2-17)
E*(0) A0)e™

1E L Yol R i B(LY=0, ATELEE A4 AQBFHERRRAQ2-15F C &
Cz: El]t

S *cosh(s(L - z))+ - M‘/2 -sinh(s(Z - z)}
5% cosh(sL)+!" Ak . sinh(sL)

E () = . —ixsinh(s(Z - 2)) A(0)e! P (2-19)
@ s* cosh(sL)+ ¥ MA -sinh(sL) ©e

(2-18)

E*(2) A(0)e P

T
Ba=K/2="
;e
_E©_ ~ix -sinh(sL) o2 (2-20)
E*(0) s*cosh(sL)+!" A% -sinh(sL)
W& R4 %

_ x* sinh?(sL) (2-21)
5% cosh?(sL)+ (Ak/2)? sinh®(sL)

LA FEAUCRER, Ak=0, HEF R =tanh’(xL). @ 2-1 FEHTHY
SR R RERE RE S AMHCE IR RR

*
R=r*r




BoE AN L EREE

0.8 4

0.6+

Rmax

0.2

0.0 4

B 2-1 B5eiE A R RERG AU S IR X R
A 2o 2K z LT CUE S R RE R S B R R, B

[?g:;] T (gig ﬂ (2-22)
-l 7]
[UEP

E*(z,) =[C, cosh(sz,) + C, sinh(sz, e *** =T,,E* () + T, E " (z)

=T,,[C, cosh(sz) + C, sinh(sz)]e " + T, L gt [(C,s*sinh(sz) + C,s * cosh(sz))
K
Ak .
+ 17(C, cosh(sz) + C, sinh(sz))]

M Cy R CET I RBATR Ty & T REFA E (2)WRERATR T K Toe
FRARERETHRER

T,, =[eosh{s(z ~z,))+ 8% -sinh(s(z ~ 7, e~ (2-23)
T =15 b2 e @2
Ty =15 sl e @29
T,, ={cosh(s(z - z,))-¥* N%s -sinh(s(z - z, ))je === (2-26)



F_E A IENERE

SR M RA R e, REEB Y LR, . BEDAHWT:

r=|E(G )V E*(z) 2-27)

w=ag(E"(z, )/ E* (z,)) (2-28)
_dy (2-29)

Fe = do

p dn _ 2medy 1 dy (2-30)

T dA A det  2mgc dA

BT BRI AR RE S, FikR-23)52-200PK 5, AR

B, XNBEEABERERIM, B REmEREE R E. AR
WEd N BARHaR, 8 hBEEEARG AR RRRE, e
BEERETBHEQ-23)E2-26)3\. XM R, BB TRALK
NGB E* (- 1/2) REHREE E-(- L/2) & S MASHRNR E*(L/2). REHR
W8 E-(L2) Z MR R R, P @B e+ L/2 @44,

[r(— L/z)],,(r(m))

E(-1/2)) " \E(/2) (2-31)

EXFTHRE BENEHRERE, BaE —DERERE. SFHMGMNT IR
FriasRiR@, WE KR r MEEHRE TURTH:

L (2-32)
=
h (2-33)

— A H LRGSR — SRR R RNF SRR E R
AR Y R SHE SR EE 0 T BBTR



Bo® AEHRS SRR

a
=]

Wiy,
i

T y T —
6530 1583 & 1684 0 1554 4 1548 01
Warvelenglth ( nm )

B 2-2 RPN AT MR ) S 54 A0 B 2E i
2.3 #3B# (Discrete Layer Peeling— DLP)H 5 f& 41-[66.571

M LR R(DLPYR AR ECME R — RV E N N, HEHAK
ERERETIHR. HETLHNE 245 2+ AR RERERRT,T, %

s
u(z+A,8) 7T u(z,0)
Wz+A8)| 74 w(z,6) (2-34)

iy ]

1 (2-35)
]
A 0 e ~ ¢4 (2-36)
EXBERHREERN
= —tanh(qlA) -
p=~tanh(g| )|'1|

MERET, R R E, ERT, RRBNEE. u(z, o) Mz, 6)NRiE
A E G RHNREREEMN. 9=q90) ERSREMN 4, 5=5-p,EM
R OB R AR ERE. KRBT ERESE RN E T exp(—ion DEE



BoE RS L EHNEE

AV B T oxp(if,z) DB MHIEHE, JolHES REHERR 2,2 + AP TER
WART, (=" ) AR, EXFES | BART RS SR
u (§)Rv, (5), LE23:

A P A

ViV

L) "

-t ot - -~

A A z
Al 2-3 AR DLP A
BT DLP &%, #BEREGEEMKET MDA q(z) AENE. TR
RETRELN o, BIERERT,T, EHEBET B4 €T B4, XA
AR AR B 28 G B R 2 B il S a4

u(L,8)| & u(0,8)
=T1r.T,
[v(L,a)] H % “*[v(o,a)] (2-37)
&
T, T, &
T = =TI7.T
[Tzl Tzz) 1,:! o (2-38)
MU TEREZE, AT IMNERN R . EBHEB ¢
r= L t= 1
-T;l Tl]

2.4 FIRADLPRER T 5 M I B By S 47 e 4l

(1) WA S el
(@) FERFFBREHAR An=2*%10"", e KEEAR RN EHHRE %R



FoE el BRI

104 104
.84 asd
0.54 g 08
§ 0.4~ [T®
x
=
62+ a2
0.0 oo
T T T T T T T T T T
15-5.0 15405 1650.0 1680.5 1861.0 1549.0 15495 1550.0 #4505 15510
Wavelength (nm) Wavetangth (nm)

B 24 BEAEMHRE ) REHE (b) BE5HE
(b) JEHHCEEMR] L=10mm, 375 3 515585 A RN 55 M 8 v E B

{a)
104 10
LLE 0.8
os & vs
3 3
044 § o4
o
=
0.2+ 124
0.0+ DDﬂ
T T T T T T T T 1 T
1545.0 15495 15600 1550.5 15610 15490 15495 15500 15505 0
‘Wavslength {rm) Wavelength (nm}

2-5 WISEANARE () REHE (b) BAHE
(2) WL eIt
SHHEE L=50mm, WA Cg=0.1nm/cm, BiHEEWT:

=) (b}
{ ——L=S0mm, Cga0.Inmem | 4001
104 10
300 -4
ond Hos g
4 . 0
o8 {os g
g 100
044 04— §
02+ Joz ks
T T 3 y y [ 400 2 T T T T
15400 1545 1680.0 15505 18610 1840 105 1550.0 503 15610
‘Wavelength (nm) Waveisng#h ("mj

B 2-6 HROEALIHEE (2) ROEHE (b) HEE
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FE  EEAMALENER

(3) VIBESRE SR
B KL e R, P75 305190 A SRR & R B R A LA BRR R S
i, WERIEILL, AT R G AR . XS RS T E
WA “VIHL” (Apodization)Bk “ZEiE” o JeEF A BIVIEL Y A 9(z) HR
£, EEAEABRITHERRESBSREPRBKX. AREH TR, 3
WAL A E. ¥ANTAREIE 2-1 Bin:
®2-1 FHOIREY

RPEH 31 6759

1+ Hecos(2mz/ L)
1+ H

Hammmg q(z) =q,

Blackman 7(2) =4, 1+(1+ B) cos(Z;.z 4:/ i;+ Beos(4nz/ L)

Gauss 2)=4q, exp{-G(%)z]

Raised Cosine q(z) =q, {1 +cos(z_'L£D

Tanh 2z

)

q(z) = 40{1 + tanh[ﬁ{(l ~2

Sine 4(2) =gy sinc” E[ZZ_T
! 2\ L

1-{2z/L)
Cauchy (2} =4, 1_—%2572—)5

FU R+ 5 5% B 0 357 o BOHAT SR DT BE 1 RAE R -
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—— Gauss apodization —— Gauss apodization
e Riidid CONN Bpodization
104 FIRR 104 o
08+ 'TE t j
©
084 § v
§ 04 % 2.4
= |
=
02 024
oo 0.0
T T T v T T T v T T
80 15485 13600 15005 18510 15490 15405 15500 1550.5 15510
Wavelength (nm) Wavstength {ren)

M 2-7 VIR (a) RATE (b) BHE
(4) BURF At
BUBE FEHHE I L=40mm, HHERESIAn=2%10", &H7FH (duty cycle)srHl
BCH 02 #10.5, ZERTHRAT ®ilE B .

— Duty cycle=0.5
J -------- Duty cycle=0.2
10
N
0.8 s i
: ]
o 084 :
2
g,
x
Wl A U
) 3 L J T
1548 1548 1550 1552 1554
Wavelength (nm)

A 2-8 OB Ll A i
(5) BREEBIMETH
FHAHEEE L=10cm, W R Cg=-2.74*10"om/cm, BUEAR sp=1.025mm,
aERS 02,



FoE RS v EREE

= 1000
" INRNARENE
| OO e
AR .
0.8 } l
- : b Eb | '\ﬂ AN
1} p —
1 BRI R AR 3
c 0.6 4 1 H : HINERE ! VR Ve -400;
_O lI ‘\ L] I} "‘:‘ ‘t M E
§ \ \ iRl i i \ \ \ 1 []
[Y ] ! A 11 e
% 0.4 < ] P - 200 o
& ] bH 3
1 &
-0
0.2 4
1 J i - -200
0.0 4
T T T T T Y T T T v -400
1544 1546 1548 1550 1552 1554 1556

Wavelength (nm)

B 2-9 Z{EIEEBIMES MRS R AT
KEE A AEELZA 1011.7ps/nm, BEBHEL 60 A E%iE BB A48
REMABMEHRE.
(6) ZH{5ERFH B % (Interleaver)
S0GHz K21 A 2 SR P 28 B v P R R BN Cgi=2.74nm/em, JEHHKE
L=50mm, EXFEAM sp=1.025mm, 5% HHK 0.5,

150 15‘@ |5‘Ww."$(m;.m ‘5.79 1!ﬂ 1530 139 waE 133 ;’Tv.';tn;m 1587 1658 1588 1560
B 2-10 ZFEHARERRE () RAE (b) FESHCAMRE)H ¥
(7 #ig

ALAEH, DLP HkRECHES TEMIEN DM, SEDLH. W



BoHE RS LERER

WA DA R ERAE e R 5E . LfF L DLP ik M BIBEERE T, 7T LA Rt sE Rk
FHBIRAERETPRE, ARMIBRSREREE —mit, MHENBE RS > o
TIEREE oL BITRBUAZE . 73 4MERET, M E R — BLREBS A I35 ot .

2.5 DLPEE ) 8% & 4yeecn

$HF— TSI RS 7, (5), J6H DLP B B AR R AT R 4
BB — RPN SR p, (=1, 2, - ).

S RS B, BB ["‘(‘”H ! ] 239
@)~ 1)

FEE =0 HNBERAS 22 EENFERS SRS RETE, B
R RERE LG ESHN AEERE  EAERE, AN NEXERE B
BIERSR. ATLLEERTF 7 (8) =0, (8)/u (&) MM St HES p K
Ao BREET p, BLHEMRT,T, THHESBI T 24, EF—E4, B3
XAIERAARK T EERRE RIS LROESRESH q@).

AT BB BT RETREN p FIHBRAR, WTLSEE () B
B BURN AR by () R B B A TRl sr R O R

R(8)= 3 h(2)e™® (2-40)

B o St v S R URURE S 24 R M) BE ARG, o 24 ¥ F— B EiR
Bk, @ =120 AR AR BB RRR. TRS = 0N
R — B RGFRIE, W4 p W AR B HE B(2-38) F TR R

x

A
P =m(©)=— [} r(5)ds (2-41)

2A
A THEGEMFE, REEREAEERIL, TRNTLER.
1 M
P = H;ﬂ (m) (2-42)
EXE, r,(m)i%n?rl(a)mﬂs%*ﬁ@mﬁmﬁmmﬁﬂ&, Mz N 2k

RN . FERERNRA(2-38)-(2-40) H FHAEXMEL KL, RF/ET
Rk AP



E_E  OHDLmOLERIHEE

FRARIT MR W BE Ay (¢) BLZTE 7 = O FF 4R, I BAE r 2 0 R BLiZAEF /Y. 0
RFEENE, E IR VIR AR SAHES . 180 S o8& 5T BLA R
/B3 T R (¥ M R SR KX R A S B3R B o N DR BT S B B B
SR IE R EDRREER N T ERE. T M RN SRR RN
o BURH, NERIERTRETHINEHN.

2.6 FIFIDLPEAT ML H JLF 45 45155

(1) FRBHFEFREE
(a) B RaHERR

BERRSETHERE r(0A)=vR exp[-~(%)2] (2-43)

HRATE R=090, HEHREAL=1mm, EHBINHESZESFE
2-11{a)fi7~. it DLP Bl 16 2] 6 il e At 58 i R 2-11(b)
EHE 2-11(c), W AHEHSRESR BRSBTS,

&

Group delay (p)
- AEARRARER:

" 15 1880 681 ) [ 1589 5% w1
Waveienglh (nm) Wavsisngth (o)

B 2-11 RBERER (2) BEREDA
(b) BFRE R R AT (o) R
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(b) EAET7E REHEAR

BRI r(JA)z{JE 64 < A4

2-44
0 |E>a 49

{38 R=0.90, AA=1lnm.

1800
1400
= i (=) ¢
E™ ‘
= 10 3
£ ool E ad
o] 8§ asl
£ ] : o]
§ ] £
o] l
Y z 4 H H ) 1
Grating Pasition (om)
----- [T
1 e Taiget pACIN < o
0 6001
{
084 -l
5
i 04 3
53
§
224 o
0. 0]
. 1580 1580 18 a2 1548 15 1550 1851 1582
Wavalangh (nm) Wavelength (nm)

2-12 RBEMSR () BERBSH (b) BEREMEIN
(© BiFERLHER RS (1) B
MBS RS ERRNERSERTa, WREELRPEIXHHH
e, BT AR SREXPIDHTLS, EREEZLSIA 7 AR,
(2) —HrEBEAMEN A MR T
Bimi@ERH: () =R exp[—(%)z]exp[—inLF (i‘;%)2 crl (2-45)

B R=0.95, AA=0.54nm, KEPOBED, =17ps/km-nm,

A d?
AR D=L = 1 TR,
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(a) SEH 30km BAECEMER, Le=30km, YeHH<E L-12cm.

@
03] L]

Coupling Cosfmclant (1/cm)
- & B 8 ¥ N &
-
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£ 2 3 = g
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o
N
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]
"

T .
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1000-
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- 500-
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N 1000 -
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7 e e . [ S P S 2y
‘Winvalength ()} Wavelength (nm})

M 2-13 —MrEEIMEAA A ERER (0 BERESA () K
WA () HiFRAHMERIE# (d) HEiE
JeHa B L4 500.2ps/nm, BERMEZ 29.42 2 E K ME BT MR S
(b) 3B 60 km BREFMER, Li=60km, YH#HSHE L=18cm.

[ 20
e 020 )]
0%
Em_ 010
= £ o]
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1548 1548 50 %1 e 1548 1540 1850 1851 1553
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B 214 —BEEMETENER o) BAFENS (b) HEEE
WA () Hirk MR (&) N
SeH e BB 200 1004.8ps/nm,  BEXME 59.1 A B AR E BB MRS

(3) ZHrAaEEMECA e
¢’

. — oA .
BIRERIREA: r(6)=vR exp[—{—A—E)z]exp[zﬂJ.F( 7 )*/31] (2-46)
B Lp=100km, L=0.8cm, B, =0.1ps’ /km, A4 =3.68nm .
e ®
£
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00 MGMP::IMM)D! 1]
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L.TE g by ’W
|
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B 2-14 ZHrEEIMEAAAMENRSR () RERRDH
(b) BFFERAMBHIRATE (o) NI
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e
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Wavelength {nm) Wavalangth (nm)

E2-16 BAFEAAMBERLER ) REREIT ©) RERAHBRERES A
(c) BiRilEEAMREIRSE () St EE
M EERERTm, NTEEELENER, HA2I0 MRS RS fid
ROBRBEARE, E—BELEHHERER, FETRSTREIE.
(5) KHARIEE YoMl Bt

2000 () (b}

Coupling Cosfhiciant (1m)
88
Local Chirp (nm)

& h b = N &2 a =

13 1 2 H H 5 o 1 2 3 H H
Graring Position {cm) Graling Posttion (am)
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480
) D-] Targst specirum @
40
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w
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=
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& w0
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2-17 KRWAHABEHER (a) WBERFED 4 (b) IR
WA (o) BAREROCEEIR A () W EY
B E M R TR L R & RE BT, ERfE SR AR
BERAOABIZ.
(6) BHEBEFCRTER A LMt
FERIA DLP EEEHR T BB aT 2 i KOs, H R AR mR
AT B W I B R BT R E, TXBET HEHRBEBFRACB R MR R
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3.1 KUHMKC £ S M B9 5 4

A bk SCET G M R SRR AHS BE 7 R Ak K /N AT 43 o B 50 el b
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RISESRG DEROLH A RS — BT lom/em, £ T AER RS
SRR 11 H AT H TR R R T AHBORE G AL, A R B — Aok
T lnm/em, BREK, HETHEEECRAS DN BER R HEBRENR A, T
FIT ARG aR B, BOCEE M 8 P DL RO e e B 0.

KUK AL Yol B RSB A 7T LR AR
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Hrbon g HAFHREITHERAD, A A TLIRLEN, L AW B8R,
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HG-DAI: KIAREE JEH ) B K AT &R 4

AA=2%n,*Cg, *L (3-2)
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A BLE#5 T AT AR BB S A KRBT MO R .

RPN LStis i R SRRk

Mz)= A,,[l-f—%z) (3-3)
BEBEAET AR R RN

B(z)=28- 2%(z)= 255——%1:-(1 - %z) (3-4)

B=p-5 (3-3)

A= (3-6)
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88, RAH B(zy-0 RBI RS 5 R AT, I NE Sk 18 8 i i 8 328
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D= dr, o 27n,c dr, _ 1 (3-8)
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AEN EX BB SBERRGER. ¥ TE MK, BE-IMENFHKE
XS, RN A KEERERNH T RE MBI M e KN
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Cgl=3.5 nm/cm
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Reflectivity of the certain wavelength {(dB)
]
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0 10 20 3 P 50
The refractive index modulation zone length (mm)
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A KRR BT, 0 LIS A R AL B A S e R 5t
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PrRB AN TR T RRARE, SERL AT R EEEE B ENET
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ER-ARKENRESRIKND, FARNERERGT, KABLLS
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RNEBOCA M N ) ERET B M m i d, ERRmREN
W e E T A RS-SRS AT AR T A E B S
Wik, ERF BB A S R BRI EI B He RO,
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MR REENAREERRLE. HehraEnegsl, gnRig
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q(z) = |g(2)le"” (3-9)

o |a(z) =2/ L*g(2),, (3-10)

#(z)==2*nw*cg, *(z-L/2)/A,)’ (3-11)
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