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Fig. 1. Schematic diagram of the distributed feedback semiconductor lasers with double

phase modulated optical feedback.
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Fig. 2. Time series (al)—(a3) and the corresponding ACF curves (b1)—(b3) of chaotic laser from DFB-SL-DPMOF
with different delay time 71: (al)—(b1l) 71 = 2.08 ns; (a2)—(b2) 71 = 2.48 ns; (a3)—(b3) 7 = 2.88 ns.

140501-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 14 (2018) 140501

H1 B 2 (al)—(a3) AT UL, 5 11 i A2 B B ) £
A4k 2 TE RN IS ARIR A, 3X 3% B B 22 3RO
Sa AR IR O, B2 (b1)—(b3) W, AEilE—
ARG LT MY HE A X ARG i B IR
SR M) AR 06 v i) B e R 0 % FL UG AR (B JE
BRFEAE B) CATER AR, AT WL B AE#E/NT 0.2,
R0 H VR VG G 1 TDS 4 A Rt ] 7. v 7k
A R 2 i IR TG I B8 BE ZE B N TA) 7 AR
b, BUER M (1) 080 (2) 30, 15 2304 T8 5 1 4
IRFIEME B BE 1 IRk A i 2R, i 3 FoR.

0.12
0.10}
0.06 |
0'042.0 2.2 2.4 2.6 2.8 3.0

T1/n8

3 EMPRHIEE B BEIEIER A) B LL
Fig. 3. Variation of the time delay characteristic val-

ues § with the delay time 7.

3 o L, FE Rk R BFEUE VSN, BEE
1 KB K, pEA EMRIMZL, S = 2.88
I, BAE AR/, BT DA 3 BT B BAE BE 7 (122 4k
T OLATE 2 (b1)—(b3) A& FHAFHY, BPE 2 (b3) (X B
B = 2.88 ns) XF TDS il % SR i 4F, 3% A& i
T ULI AN S B ZE I 22 75 — 7 = 0.12 ns ~
(1/2) 710, Tro(= 21(gE? /1) ~1/2) WO H A 5012
3% JE i D4 10,17]

R TDS A 50 i) 2508 (B2 19 (b3)) (1)
SRR, N — BB IR FE B X TDS 1
AR

3.2 PAFREBMRIRRZR Kk, LURIMIE
EF P % TDS HIE20

ERHUIMIEE T P — 1.6, FAh 25 0 BUE
52 (b3) MR, Bl sk i (1) R (2) =, 7 5
1 4 () T 73 B0 AE I A1 6 B 25 0 B A B, A5 4
. RIEEUR RSk, = 0.1, 5%
FORUAE S5 1 2 (13) fRORATF, O RAR (1) 2R (2) 28,
P50 4 (b) s (B BEAL 1 5 B 250 B A1 P A
foh — 4.

0.40

0.35

0.30

0.25

0.20

0.10

0.05

0.35

0.30

0.25

0.20

B4 (a) SEIASAEAL B BES M B A by, L0~ dE R,
(b) KERIRAE(E B HEZ 4L B Fl P AL — 4 &

Fig. 4. (a) Two dimensional maps of the time delay char-
acteristic values 3 in the parameter space of B and ky, ;
(b) two dimensional maps of the time delay characteristic
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Fig. 5. Time series (al)—(a3) and the corresponding ACF curves (b1)—(b3) of chaotic laser from DFB-SL-DOF with
different delay time 71: (al), (bl) 71 = 2.08 ns; (a2), (b2) 71 = 2.48 ns; (a3), (b3) 71 = 2.88 ns.
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Abstract

The center wavelength of the distribution feedback semiconductor laser is about 1550 nm, and it is in the lowest
loss window of the optical fiber communication. A distribution feedback semiconductor laser (DFB-SL) can generate
wideband chaotic signals under external disturbances such as optical feedback, optical injection, etc. Thus, due to the
simple structure, DFB-SLs with the optical feedback are widely applied to many fields, including information security,
lasers radar, and physical entropy sources for generating physical random numbers. However, optical feedback can cause
weak periodicity in chaotic signals from the semiconductor laser, and increase the time delay characteristics of chaotic
laser, moreover reduce the quality of random numbers generated by using chaotic signals. Meanwhile, to meet the needs
of the current high speed and large capacity communication, the DFB-SL, which can generate wideband chaotic laser
with low time delay characteristics, has received wide attention and become a hot research subject.

In this paper, we present a new scheme for suppressing the time delay characteristics and investigating the band-
width (BW) of chaotic signals from the semiconductor laser. In this scheme, we build a system that is a distribution
feedback semiconductor laser with double phase modulated optical feedback (DFB-SL-DPMOF). In this system, two
phase modulators driven by the pseudorandom signals are respectively added to the two optical feedback cavities to
eliminate the weak periodicity of the generated chaotic signals. For this system, we numerically investigate the influence
of the system parameter, such as the delay time, feedback coefficient, etc., on the time delay characteristic of the chaotic
laser. In this paper, the time delay characteristic of chaotic signal is expressed by the maximum value of the time
delay signature (TDS) peak of the autocorrelation function curve. Then, to illuminate the effectiveness of this system,
other two systems, i.e., DFB-SL with double optical feedback (DFB-SL-DOF) and DFB-SL with single phase modulated
optical feedback (DFB-SL-SPMOF) are considered. We study the suppression effect of the system on the TDS among
DFB-SL-DPMOF, DFB-SL-DOF and DFB-SL-SPMOF. For these three systems, we give and analyze the simulation
curves of the time delay characteristic values with the feedback coefficient and the pumping factor respectively. The
results indicate that our proposed scheme has the best suppression effect. Moreover, we numerically investigate the BW
of chaotic signals from DFB-SL-DPMOF based on the parameter conditions suppressing TDS effectively. The results
show that BW becomes large with the pumping factor and feedback coefficient increasing, and the maximum BW value of
the obtained chaotic laser is about 7.2 GHz. Therefore the effectiveness of the presented scheme is numerically clarified.

And the conclusions of this paper are useful for applying the chaotic laser to the secure communication field.

Keywords: distributed feedback semiconductor lasers, double phase modulated optical feedback,

time-delay signature, bandwidth
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