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Fig. 1. Experimental setup for the RF spectrum analysis of
optical feedback FP laser (FP-LD, Fabry-Perot laser diode;
PC, polarization controller; VOA, variable optical attenuat-
or; FM, fiber mirror; EDFA, erbium-doped fiber amplifier;
BPF, optical bandpass filter; PD, photodetector; ESA, elec-

trical spectrum analyzer; OSA, optical spectrum analyzer).
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Fig. 2. Characteristics of the multi-mode chaos: (a) Optical spectrum; (b) RF spectrum.
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Fig. 3. Characteristics of single-mode chaotic signals (m = —1, 0, +1): (al)—(a3) Optical spectra; (bl)—(b3) RF spectra.

110501-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 11 (2019)

110501

FESETE, FEAE S R oF-3H (B 3(b)). X H, fig
P& T2 38 Ao 0t 0 T S TR AR AE 0 GHzAb %
N A PPRAERARE A, LA m = —1 B0 ) o
BV 2 s R ) (18] 3(b1)): 4l i, HAKA
REE 5 G Z BORIEHOLE S (B 2(b)) AH e Tt
T 25 dB, 3 dB A& SE Al ik 6 GHz. SLg,
ot B 248 R B 5 OB f DGR B A T
{H. FRATIEEBILE i B I — o B, Y SR R
T 2%, WOCARTF IR ATRIEAS; Y S i o8 B 313k
20% B, RMF SIS vEk PR R, B mR
WU, BRI S TR T S AR AR — . X Rk
F R ZBOR T ROCET 5 AN IR 28 HRA5 5
RIAT AT ICARAT B A3 k2% 1) i 4 P SR AR 5 7
A BTEREOR WY AH M, AL T RIER G R
AR FARAG T G

4 HEipHpMER

2, FATERIE FIRSY TR RO
T YRR 2 5 AR PR R Y BB (S
AR S e A ) 0 PR TR Y BRI . BT
5, I A1 T Lang-Kabayashi $2 H i) B 18 455 A |
X R  ZHO G IR IE B ) R A T T A
L R 2021

dEglt(t) _ % (G (N) =] By (£) + ket By (£ — 74)

x 008 (A (1)) + F4 (1), (1a)
dd,, (t) _
T = a/2[Gm (N) = 1]
— kysin (A, (£)) B (t = 7)/En (t), (1b)
M

‘”th) e [CNw — N — mz::l G (N) | B (1),

(Ic)
2
G () =— 27 =20 P“G”ii?>]’

M
L+sY [En (@)
m=1

A () =(we + mAwL) + @y, (t) — Py (E— 1),
(Le)
o M FoR 2R BB R m X 2
BOGARIES m AR B, &, N il 3R BOLERT

H—ALHRmE | AR N T4 A FOEE A S
HNEBIUBOC RN 22, G oA BOLERIE R, o TR
TEHIOR A T, v FRRBOLIR WIEBFE R, 1. WE
WP IR REL, C MO TAER W B i R 2L
(C = I/Ly, I HTAERG, Ly MEERT), 7 0%
TE I N AT — BB TE], Awp = 2r/7 2 MiEOE
ARG, 7, b RS ERER B[], &, R RS R
&, Ny, FBHEZR A (N, = Ny + v/ 9 No N
B T, g W 25 R B, w, 5 0
A, Aw, HHEREIRE, s NEITSIRIREG F.(t) =

2BE(t) R VEOC A B K R A M o
() MR AN, B H R RS XN L 2
Je, AR SCKBE AL H ORI K (m = 0) KR
TE 1549 nm, PBEFFHR 1.1 nm, [ KRGS
ETE-30 dB mK. HIAESHUNE 1 prsl.

F 1 R FP BOEE RS
Table 1.  Simulation parameters of FP-LD with
optical feedback.

SR 55 Z%E
A H M 15
e L @ 3.5
PR B RE 2R AL ¥ 0.283 ps!
IR THFEREL Ye 6.21 x 10 ps!
U5 — 1k R c 15
PALJEE PR 7 s i) T 7.3 ps
B £ I A We 21 x 193.7 THz
4 £3 v0RE Aw, 21 x 10 THz
LU E Y s 1x107
(LG ETEY i e 3.2 x10°
B WAL Ny 1.25 x 108
SRR K, 0.020 ps!
SR AT T 2 ns
S 2o I& 5 ps !

K 4(a) EAHIRIEHY 15 IBDER B FP EOE
LR T 2RO AOERE . R AR AR RS
KA R, AN = 0 nm %R BB L 0% K
1549 nm. Sk ] LU LA B 15 DER
BAETE, BRI FRAE 1.1 nm. [& 4(b) 240N £
BORMEAE S s . 5K 2(b) X ELATH: A5 A
SERUR ARSI G — B, ZRORIEE S R
A A P RS R IR AL, (AT o 1 BE B A AE
Bk

K5 Mg G 3 MR (m = -1, 0, +1) T

110501-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 11 (2019)

110501

BORME 5455, & 5(al)—(a3) M AR T

KA PR R HEAMUL, 1 m = -1 Alm = +1 42

RE I, W] LR B LR (mo= 0) BRE R AR ERAE—ERE AR, XEREZ
i, P RE SR ek, X 5 SR 4R (181 3(b1)— BEHOCARE AN LT, A Z IR A

(b3)) —2L. Kl 5(bl)—(b3) K FP Ot m =
—1, 0, +1 BT 4 i B9 SBTIR TEAS S i I 1A
B SPIRES BRI LIRS, m = -1 Fflm = 0 84

[l EE A 24 SR R

TE R, FAIAHSCB BR BRI — 2L 0T 25
BB IR 20 C 2. SRR CC E LT

—60 20
(@) — 4l (b) 4
—-90 ~10 41 otk
g
8 20}
=
=i
E
—40 F
—60 F
-8 —6 —4 -2 0 2 4 6 8 0 5 10 15 20
AX/nm W?—/GHZ
E 4 ZHPBOER I FP HOLEBUE U5 148 (a) Heils (M = 15); (b) #i%

Fig. 4. Numerical results of multi-mode FP-LD with optical feedback: (a) Optical spectrum (M = 15); (b) power spectrum.
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Abstract

Optical chaos has a wide range of applications in communications, such as secure communication, high-
resolution lidar ranging, optical time domain reflectometer, and high-rate physical random bit generator.

In recent years, external-cavity feedback semiconductor lasers (ECLs) are the most common chaotic laser
generation systems due to their characteristics of wide bandwidth, large amplitude, and simple structure, and
the dynamic characteristics of chaotic signals have attracted much attention. However, limited by the relaxation
oscillation of the laser, the energy of the chaotic signal directly generated by ECL is mainly concentrated at
high relaxation oscillation frequency. Thus, the low-frequency component encounters the problem of energy loss.

In practical applications, the signal detection/acquisition device usually responds to a 3-dB low-pass
filtering characteristic. Therefore, the available effective bandwidth of the chaotic signal should actually be 3-dB
bandwidth. The lack of low-frequency components will limit the energy utilization rate of chaotic signals and
restrict the relevant performances of chaotic applications (such as reliability and transmission of chaotic secure
communication, randomness and generation rate of physical random bits, measurement accuracy and range of
lidar ranging or optical time-domain reflectometer).

In the paper, we propose a broadband chaos generation scheme with simple structure and losing no low-
frequency components. Specifically, we experimentally analyze the radio frequency (RF) spectra of the single-
mode and the multi-mode output from an optical feedback Fabry-Perot (FP) semiconductor laser after and
before filtering. The experimental results show that comparing with the multi-mode chaotic signal, the low-
frequency energy of the single-mode chaotic spectrum is enhanced by 25 dB, and the 3-dB bandwidth of the
single-mode chaotic signal can reach 6 GHz. Further theoretical analysis demonstrates that the enhancement of
low-frequency component in the single-mode chaotic signal is caused by the mode-competing in multi-mode
laser. It is concluded that this method can well solve the problem of low-frequency energy loss in conventional
optical feedback chaotic systems, and is beneficial to improving the energy utilization rate of chaotic signals,
which is of great significance for improving the performance of chaotic secure communication, random bit
generation, lidar ranging, optical time domain reflectometer, and other relevant applications.
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