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Synchronization of Chaotic Erbiun-Doped Fiber Lasers by
Multivariable Unidirectionally Couple
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Abstract Based on the theoretic modal of the erbium-doped fiber dual-ring lasers, the chaotic synchronization by
using multivariable unidirectionally coupled scheme is set up. Two different fiber lasers have been investigated and
the condition for realizing chaotic synchronization is given. Numerical simulation of the model is established on
Simulink and results show that one of the erbium-doped fiber dual-ring lasers as the master laser drives the another
slave laser, and they can be completely synchronized even though the decay rate of the two lasers are different and
the larger the feedback coefficient is, the faster two lasers achieve synchronization. The feedback coefficient have
relationship with decay rate and coupling coefficient. It is also shown that the initial value of the lasers cannot affect

the synchronized system. the synchronization is maintained very well. And when the effects of the Gauss noises are

considered in the system, they can still reach good synchronization.
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Fig. 1 Synchrony scheme of multivariable

unidirectionally couple
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Fig. 2 Strange attactors of m and s lasers and relation
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~ () after driving
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Fig. 3 Time trace of AE of the output laser
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Fig. 5 Time trace of AE with different initial input

3% @

g
53]

-2 . A .

280 5 10 15 20
£ ®)
< 9
S 20 . . .
— 0 5 10 15 20
5 5
s (©)
~ 0
S3)
15 -5 N " N
=0 1 2 3 4 5

t/ms

K6 F oG as () F O 2% (b) i i o' 3 5 BE 1
R ] 7 51 e 19 o 22 1 14 B 18] 77 31 181 (o)
Fig. 6 Time trace of the master laser output (a), slave

laser output (b) and difference of them (c¢)
K6 % e S HOL T, En 5 E. (5
J7 9 S 2B B 1) )7 3] 0 7 B L S B kL = 1250,
REWMEN0.1,0.1,0.1,0. D, MR GV E R
(13.5,13.5,0.1,0. D FEH (1), (2).(5), (6) F
Ui £ DA R 3 o0 A HE A F 228 1 ARl
BLEC N 6 (o a] LR 3] R &t — 1S5 .
FIBEOGER6 22 M1 F A HOG AR KBRS
[F25 . fESLhridfE R, RS frE— g, 248
SR BT AT DU R0 40 1] R RS X AR B8 Y R ) T
A M A DL AT AT S BRI TR B R 2

4 45 B

1 6 58 U2 BORS IR 1 7 1 LR 95 B OF 27 WO
2 ) 4275 0 B 1) R Ak S T R TR I 2 L I A
Bl Simulink P & JF % (1) 3 25 015 2458 75 % 0 FF 45 41
I £F O B N R A5 1R AT T BRSE. AhHT R
R G A R L 1 R L T LR 7 R S



996 i

i

ot 35 &

BLIR T [R] A5 # I 18] 5 T S 15 56 5 4 5 &% B
TEIH R BN O R s RGEWMELAS TR I AN [] ) R0 2R
G852 BLIR T[] A5 14 52 Wi W L 2206 5 7 2 48 P A B
L e S e 7 AL TR T LA S5 b MR P R R G R
P EOE A AR X BIRE B IR pE R 25 . Wl LU RS

B L P R 25 ) AR G ) R AP R o 4 ) BT

P ARG 27 R A vk T LUE o vk B A G
oK 52 B AR SR vk (] 25 I EL 8 40 (LA IR A5 X AR G2 Y
AR AR

o

& X X @
Louis M. Pecora, Thomas L. Carroll. Synchronization in
chaotic systems [J]. Phys. Rev. Lett., 1990, 64(8):821~824
Pere Colet, Rajarshi Roy. Digital communication with
synchronized chaotic lasers [J]. Opt. Lett., 1994, 19(24).
2056~2058
Pan Wei, Zhang Xiaoxia, Luo Biner al.. Study of parameter for
higher order bifurcation and chaos behavior of VCSELs control
[J]. Acta Electronica Sinica , 2004, 32(11):1789~1792
WML IKIRE L P ot 4. VCSELs S M4 RIRMEAT IS
BaEHl)]. &5 F3R, 2004, 32(11).1789~1792
Zhu Shiqun, Lii Xiang, Zhou Jianlan. Chaotic synchronization
in two non-identical lasers [J]. Chinese J. Lasers, 2001, A28
(4):343~346
KRB MWL EE WEERRBOLEHMIRMER AT, +
K, 2001, A28(4).:343~346
Zhang Weili, Pan Wei, Luo Binet al.. Chaos synchronization in
polarization selective mutually coupled semiconductor lasers
[J]. Chinese J. Lasers, 2007, 34(1) :55~60
RARL R ML o S IR IE R B ACKE RO Y
R ELI]. F Bk, 2007, 34(1) :55~60
Yan Senlin. Controlling chaos in Semiconductor lasers by phase
conjugation feedback [J]. Chinese J. Lasers, 2006, 33(8):
1043~1046
B, B SR BOE SR AR A L B0 s i i ek [T ]+ B
%, 2006, 33(8):1043~1046
H. Murakawa, T.
characteristics in erbium-doped fiber laser systems [J]. Optr.
Commum. , 2003, 217:415~420
Henry D. 1. Abarbanel, Matthew B. Kennel, Michael Buhl e
al.. Chaotic dynamics in erbium-doped fiber ring lasers [J].
Phys. Rev. A, 1999, 60(3):2360~2374

Y. Imai, Imoto. Chaos synchronization

11

12

13

14

15

17

18

How-Foo Chen, Shuo Tang.
chaotic optical communications at high bit tates [J]. IEEE J.
Quantum Electron. , 2002, 38(9):1184~1196

Francois Sanchez, Patrice Le Boudec, Pierre-Luc Francois et

Jia-Ming Liu, Synchronized

al. . Effects of ion pairs on the dynamics of erbium-doped fiber
lasers [J]. Phys. Rev. A, 1993, 48(3):2220~2229

Sungchul Kim, Byoungho Lee, Senior Member et al..
Experiments on chaos synchronization in two separate erbium-
doped fiber lasers [J]. IEEE Photon. Technol. Lett. ., 2001, 13
(4):290~292

Liguo Luo, T. J. Tee, P. L. Chu. Chaotic behavior in erbium-
doped fiber-ring lasers [J]. J. Opt. Soc. Am. B, 1998, 15
(3):972~978

Liguo Luo, P. L. Chu., T. Whitbread et al.. Experimental
observation of synchronization of chaos in erbium-doped fiber
lasers [J]. Opt. Commum. , 2000, 176.:213~217
Fang Nian, Wang Lutang, Guo Shuqin et al.. Security of
polarization-shift keying chaos optical communication system
[J]. Acta Optica Sinica , 2006, 26(6):812~817

W BRI & MRS B EOLIR MG R %
MR E L], % FR, 2006, 26(6):812~817

Ke Shen.
modulated by another chaotic system in an erbium-doped fiber

IEEE J. Quantum Electron. ,

Rong Wang., Synchronization of chaotic systems
dual-ring laser system [ ] ].
2001, 37(8):960~963

Yan Senlin, Chi Zeying, Chen Wenjian. Chaos synchronization
through reverse-phase and its encoding in erbium-doped fiber
lasers [J]. Acta Optica Sinica, 2004, 24(1):29~32
BARAR BB DL BRI, BGOSR AL R ) 2P R H
wmis[)]. R FIR, 2004, 24(1):29~32

Clifford Tureman Lewis, Henry D. 1. Abarbanel, Matthew B.
Kennel ez al.. Synchronization of chaotic oscillations in doped
fiber ring lasers [J]. Phys. Rev. E, 2000, 63(1):016215

Li Xiaofeng, Pan Wei, Ma Dong et al.. Effects of spontaneous
emission noise in semiconductor lasers on chaotic optical
communication systems [ J]. Acta Physica Sinica, 2006, 55
(10):5094~5104

e W ML E & . BOBE AR S R G E
HERGMFMLT]. S FIR, 2006, 55(10):5094~5104

Pan Wei,
emission factor on the bifurcation and chaos behavior of VCSEL
under large signal modulation [J]. Chinese J. Lasers, 2004, 31
(3):293~296

XRGE OHLF . BERWHE X VCSEL £ K551
il RARTEAT MR L) ], P Bk, 2004, 31(3):
293~296

Deng Guo, Luo Bin. Influence of spontaneous



