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Optimization of Weakly Aperiodic Phase-Only Sampled Chirp Gratings
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Abstract Sampled fiber Bragg gratings (FBG) have many applications in wavelength division multiplexed (WDM)
systems, and can be filtering or chromatic dispersion compensating simultaneously in multiple channels. Periodic
phase-only sampling is a preferable approach to the design of multi-channel FBG, which facilitates the fabrication of
multi-channel FBG. However the periodic sampling function replicates a given chromatic dispersion function, as a
result, all the channels are identical and the resulting device cannot compensate for the dispersion slope. An
optimization method is presented to design weakly aperiodic phase-only sampled gratings, and a set of chirp
controlling parameters, which are related to chromatic dispersion in each channel, are introduced to compensate the
chromatic dispersion and the dispersion slope simultaneously. By using the simulated annealing method, an
optimized set of the relative channel phases can be found to reducing the difference between the minimum and the
maximum values of the amplitude modulation of the sampling function. Then, an iterative procedure, called the
Gerchberg-Saxton algorithm, is applied to remove the amplitude modulation of the sampling function, and the
aperiodic phase-only sampled grating is synthesized successfully. Finally, the complex reflection spectrum of the
aperiodic phase-only sampled grating is simulated by using the transfer matrix method. All time delay curves in all
channels are overlapped in one figure for a visible comparison of their slope, and the result shows that the dispersion
compensation capacity in each channel can match with the dispersion slope of fiber link exactly, However, as a price
of the Gerchberg-Saxton algorithm, the additional channels appear at both sides of the reflection spectrum.
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Fig. 1 Index amplitude of sampling function obtained
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Fig. 2 Phase of sampling function obtained

by annealing algorithm
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Fig. 5 Reflectivity and group delay of weakly aperiodic

phase-only sampled chirp gratings

AR A BT B4R B BORE BB S5CRT AT A G 1 e
S, & 5 SR T 55 Al JA 39 Atk BORE W R e A S 5
B S pih £ AT DL BT AR B BRORE B A B O A I G U



1102 2l B

b X 31 %

-100 E
200 |
=300
-400
-500
-600
=700
-800
-900

-1000 : : - ! - . .

-0.20 0.10 0 0.10 0.20

Wavelength /nm

Group time delay /ps

Bl 6 B RE R & N E — R R A B A
Fig. 6 Comparison among group deley curves of

nine channels

AILTFReMEREER SR, &6 24 9 MEE
4 B S py £k B 0 B — A B R B R AR T R Hoh
MR RIS 5 MEIE , B L HERA 1550 nm,
B 6 S B AR 8 B9 B RE il R A A R B 22 R X
O 45 0 A1 8 G B S il 2R A /D B AR R 2 XL, R
7 BB A T 1 B S ) 2 O A S T B R G
RAME. BHEEKFEEARB/DOOHIMZE,
MR PR AR EA B R @B 2R .

B P, I B B X BAROB 4 /Y & BUR R
SR 55 A J 19 1 4 AR A JORE DR IO, TR AR T
—MEOREE . 0 2R 7 BN B A9 BT, AT DUAR 3 52
PR BB RRITERFENSE o, ATTRGE
IR BB 3R A ] A kb £

4 F ®

HEASZ HRURE B R WK el 52 4 T R T IO BR 250 B2
E AR, BT LLRE R AL B S B B A A2 5 [ i
PN 2 R R E R SN L L
WA R T AR R 8 a0 BORE e, B AT E 52 BRI
fe H R B AR 7 BORE G B9 fR I HOR B T 45 AN

EAR AL BURE S o 5 SR T — AR A, B 7= A T B
T AME B X AR E B E R EEA R LA TEM
I SMEE AR = A A AT A BB, X —
B TR TR BT SR B 2, SRR (] R O 100 GHz, {7
EEy 45 KA AL BURE Gl E BB B C BB

TEAR LR 7 1 O BTl b, 5IA T 2% ¢, k48
4% 15 18 B o B2 B AR IR BR B e 47 1 Rt 3R
A RIX — 2 %, AT BE S BLIRURE Al X € BOR €
IR R B R B A 5 5 0 — 25 399 5 T R 57 URE W WK
Jetlh B G BRMERE . BAR RN 9 MRIE R SR
S JBURE R BB T A A {ELBIT 3R B Y 7 2k 52
236 T 15 EROREE el i B3t

2 % xXx W

1 D. Pastor, A. Martinez, J. Capmany et al.. Impact of fiber
Bragg grating based OADM outband dispersion in DWDM-SCM
systems [J]. IEEE Photon. Technol. Lett. , 2002, 14(4) ;567 ~
569

2 A. Bergonzo, J. Jacquet, D. De. Gaudemaris e¢¢ al.. A very
simple and efficient widely tunable sampled fiber Bragg grating
external cavity laser [C]. OFC, 2003, 2:462~464

3 Cai Haiwen, Huang Rui, Qu Ronghui et al.. All fiber interleave
filter using Mach-Zehnder based sampled fiber gratings [J].
Chinese J. Lasers, 2003, 30(3) ;:243~246
WSO, W B ROE 5. BT DR R T W ACRIBAE
16 4 G AR BB AR [T ], P Bk, 2003, 30(3):243~
246

4 J. Rothenberg, F. Babian, Z. Brodzeli et al.. Phase-only
sampling for fabrication and design of high channel-count fiber
Bragg gratings [C]. OFC, 2003, 2:516~517

5 M. Ibsen, M. K. Durkin, M. J. Coleet al.. Sinc-sampled fiber
Bragg gratings for identical multiple wavelength operation [J].
IEEE Photon. Technol. Lett., 1998, 10(6) ;842~844

6 W. H. Loh, F. Q. Zhou, J. J. Pan. Sampled fiber grating
based-dispersion slope compensator [ J]. IEEE Photon.
Technol. Lett., 1999, 11(10):1280~1282

7 A. V. Buryak, K. Y. Kolossovski, D. Stepanov. Optimization
of refractive index sampling for multichannel fiber Bragg gratings
[J]. IEEE J. Quantum Electron. , 2003, 39(1):91~98

8 J. E. Rothenberg, H. Li, Y. Lie al.. Dammann fiber Bragg
gratings and phase-only sampling for high channel counts [J].
IEEE Photon. Technol. Lett., 2002, 14(9):1309~1311



