RNSHBIFHRE

54, 111401(2017) Laser & Optoelectronics Progress ©2017 (H EBOE) 2 kit

—fpa] A = ay s IR R AN A SR O 23 Y
LXi;[A&, Z)Ahll.nq%‘filﬂf

B0 S AN < RN 3/ DI N o B
PR TR B R SR R E R E AL E, (L7 K 030024 ;
PRJEHE TR 2 M 50 H TR 2Bt HE TS AT, (g KR 030024

WE  WH— R TR A A i S8R B Y T ] SRR B R 9 AN R R R R OGS IR IS RS T R R A
FL O L0 0 2 0 i o L sh A R s . SR L SR SR B R Y R 5 B TG 0 T A R IR LU R, T2 5 A 1
J6 4 Py AR IR A TR RS VR R A 7 B AR IR AS A R Ak . 3G R A H I b e 2RO 5 i B, SR
TOG A% 1 5B TR 5 AR I R, 1 R TR IR T 490 38 R KA I IR 3 AR T L BB B8 A LA R TE R ik 70 GHz MR L,
G313 e v Y T R T A A LB Ay R BT A R B TR BRI . A L FE 556 R BB R SR O
i 1 Bt 4 4R 357 ok 8 25 R A IR B R A L I A3 BT T IS JE X A 3R 35 AR 1 5 )

KR WG ERIRBOGH s BIERB ma STRE

mESHES TN24 MEFRIRES A

doi: 10.3788/L0OP54.111401

Design and Dynamic Characteristics of an External-Cavity
Semiconductor Laser Generating Wide Bandwidth Chaos

1,2

Wang Yongsheng'*, Zhao Tong"?, Wang Anbang"?, Zhang Mingjiang"*, Wang Yuncai
' Key Laboratory of Advanced Transducers and Intelligent Control System , Ministry of Education,
Taiyuan University of Technology, Taiyuan, Shanxi 030024, China;
2 Institute of Optoelectronic Engineering, College of Physics and Optoelectronics, Taiyuan University of

Technology, Taiyuan, Shanxi 030024, China

Abstract A novel external-cavity semiconductor laser faced to butterfly packaging which can generate wide
bandwidth chaos is designed, and the influences of feedback ratio, injection current ratio and carrier lifetime on
dynamic performance of the designed structure are investigated. Numerical simulation results demonstrate that
diversely dynamical states including the stable state, as well as the so-called period-one, and chaotic states can be
observed when the feedback ratio is adjusted or the injection current ratio is increased. The relaxation oscillation
frequency of the external-cavity semiconductor laser rises with the increasing injection current ratio or the decreasing
carrier lifetime. So it is much easier to generate chaotic signal with effective bandwidth of 70 GHz when the
relaxation oscillation frequency and oscillation frequency of the external-cavity are at high level. The mechanism to
generate such a chaos with wide bandwidth is analyzed, which provides a new source of entropy for the generation of
random number. In addition, we use the relaxation oscillation of laser to cover time delay characteristics of feedback
when the feedback is weak, and analyze the influence of feedback time delay on the dynamics of oscillation frequency
of the external-cavity.
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Fig. 1 Schematic of a chaotic external-cavity semiconductor laser faced to butterfly packaging
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Fig. 2 (a) Time series,

(b) frequency spectra, (c) autocorrelation functions and (d) phase portraits of typical

dynamical states output from the external-cavity semiconductor laser faced to butterfly packaging under

different external cavity feedback ratios
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