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fiber coupler) 24T HR A #%; VA (variable atten-
uator) J& A WL FE I #%; PM (phase modulation)
SEAOLIA N 4% Amplifier 25 SHORAS, TR
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W2, (38 o B OGS 5 E I 4E; PD (photo-
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Fig. 1. Schematic diagram of semiconductor laser system with external double optical injection and phase modulation optical feed-

back by self chaos light.
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(AR B[], AR SO 32 IO RS I EEAH ] dpm (t)
SEAARLIE G RABOLIE S I A A, P ook
SRIT—IL R %L, B P = 1.5 x 1075, 2 A7
2B, rom SR AR TR T AR R S5 S AR, Hoh ot
IREEH T A5 S AE S CET R 45 v i A5 46 =

H A SC RO TDS 1 FZRAE ik, AR
FH ARG REL (ACF) 22 L1012y

ACF
(I +A) = (T E+ A () — T [D)])
\/<[I (t+ At) — (I (t+ AN () — (T ()]
(6)

A, () = |E (t)] FmBot s HOCRTRE; ()
FORXFIARRES); At FORIAEER ; F A AHC %L
TGS T () 5L At 2ZJ5ES 1 (E+ At)
Z R AH G, AHOCRR B g, A AH C PR K.
W R Gk ) B R 5 pR B 2 v 1) i A I i D
FERFRRAE I R fe KABLRE UM B, FE R iR iR
6 A9 TDS, BHFR A 4E B AE {8, — A N 24
B< 0.2 I, SERPREEIERESE N, BIIAH TDS #%
B 1291,

)

3 TDS Wy B EH 58 Fn 4k B o hr

XF T HA SMCRURS AR B TR HOGAAL
HeR SARBOERR (semiconductor laser with ex-
ternal double optical injection and phase modula-
tion optical feedback by self chaos light, SL-EDOI-
PMOFBSCL), & eiF5¢ WO G AR A S M E IR ) 1]
X OERY TDS BYFENE, SR F5E S5t 38 Ko
K DL R A R KGR TDS 520, B m
FEAHIR S H % T ¥ SL-EDOI-PMOFBSCL %}
TDS AR AT SMERU AR R 52K
AR OE AR (semiconductor laser with external
double optical injection and optical feedback, SL-
EDOI-OF) D) & BATAMG s T A B A TR DG AR
ARG R SRS (semiconductor laser
with external single optical injection and phase
modulation optical feedback by self chaos light,
SL-ESOI-PMOFBSCL) &G 175t A7

3.1 SMIRIERIXS TDS B0
ZHBUEIN T : a=5.0, g=84x 10" m’/s,
No=14x10%m™3, 7 =1.927x10" 25, 7y = 2.04
x107%s, e=25x10"23m3, P,=13, P,=16,
Kn=K,=01, Af=3GHz, 2 =3, K=K, =
0.2, Tm =2 ns, 7 =2.6 ns, » =7 ns, 7pm =6 nsl31,
i FLA BS80S 0 R (1)—(6)
HEATEELR i, 193] 1 773908 2.6, 3, 3.4 ns BN
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nts, ntem (n AIEEEEL) A0 JCIH AR By L
IR MEER TDS 1528 7 AR .
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R TEROG Y (a) B IR T FU A (b) %07 19 AR G o6 50t £

Fig. 2. Time series (a) and the corresponding ACF curves
(b) of chaotic laser from the SL-EDOI-PMOFBSCL at

times delay 75 = 3 ns.
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321 EINREARABRAMEHK K FK 0%

AR5 20 Ko R KA 4RI B8, Hor B8
BUE 51 2 AR, BUESR 7R (1)—(6), 13214
INHRFAEAEL B Bl K A K 28 ARG —ZEIR], AP 3 iz,

M 3 ATLAF H, BBE KMl Ko 22 3
JERANTR 24 K A1 KB T 0 I, A0 T 306
Tkt NHOL AR TEASRIIESR =, R ST TS 5t
JE, BT LA 1 3 B9 75N f s Y BEACR, BILE.

AR A P REAE (. AR5 KRS, 2 Ko

(0.01, 0.1) [X[i] Py ZE M4 I, ORI A B
WL J AR RE 2 3K, R MO 284 1
TG 552 BN R, FERLIX ] Y, SR/ T
0.2, B TDS B4 &AWl 24 KnfE (0.1, 0.2) %
WIS, BIEREZ A, B THAH Kn i 3
WO RS O B 5 R, B A B MO
O LA 59 . Y — T, Y Ko (R ANTE
B KSR, %K FF, 8 BN, X h T
WOG R AAAE EDRMDGHI AL IR EDE R 5, 4 T b
JETE AR ML SORBOE B A8 R 55 R Y TDS,
25 b, 76T SCHFSE P U R 5 fIE sS4 1 28
X [a], 4NE K= 0.1, K= 0.06.
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3 SL-EDOI-PMOFBSCL % i 18 il O 4 i 4 fiF- {8 8
SR K F K B AL Z 48 ]

Fig. 3. Two-dimensional maps of the time-delay character-
istic value B in the parameter space of Kg and Ky for
chaotic laser from the SL-EDOI-PMOFBSCL.

3.2.2 /i)\¥ *iKlﬂ{“:’Kz é/JE;

DL A RECK A K AR S iRPEE 3,
K= 0.1, Kn= 0.06, HAZSEMBUE S 3 M
6], IR (1)—(6) RIEUESS S, 15 B ZE I RRAE
{8 B K F1 K 28 A0 — 4 &1, &l 4 s, BIEER
/NF 0.2, B TDS BA 8. EK 4 47 E A X,
WK, >0.2 HK>>02 M, SR B8R, X 2EH N
OISE K TR B4R, DR T A G B 1 385 38y ok
MBCERIRA S SR, T BIEHR/)N.

323 RARBEEAKKAEINZKK WEH

MG 4, B TDS Bl S 8UE K =
0.2, LASAS R K HITE A RECEAF BRI Z4L,
HAZE YA 518 4 AR, BT (1)—(6) B4
BUESR, 45 A PR 6 BE KR K 2B —
HEP, WnIEL 5 B, AEPTESBEERN, IR R
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b BEHR/NT 0.2, RIZERPRFAEBOAT RO, AR R
Ui, 5 A7 b A X BRI, 33X PR T ARG
SR B R ML P sh VR T 25

0.25
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X 0.10
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0.05 14 0.08
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0 0.05 0.10 0.15 0.20 0.25

Ky

Fl 4 SL-EDOI-PMOFBSCL i t1: 15 i i () 4E 5 i (B B
Rifi 250 K R K 2R A0 i — 4 &
Fig. 4. Two-dimensional maps of the time-delay character-

istic value B in the parameter space of K; and K, for
chaotic laser from the SL-EDOI-PMOFBSCL.
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X 0.10 ©
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5 SL-EDOI-PMOFBSCL % t} iR 1 o i 4E i 45115 {8 3
BB K R K B A i — 4

Fig. 5. Two-dimensional maps of the time-delay character-
istic value B in the parameter space of Ks and K, for
chaotic laser from the SL-EDOI-PMOFBSCL.
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WOGER R X OGS LS F B = 358,
G TR IO MY, AT PRAEE B R
TR, 24 Paoe (1.4, 1.7) IF 20015 K, 19 45 16 AN
PGS O ER A HOE RO EIR AR, I HLR
TR LR 080555, BT LARH A T8 A OGRS 59722 A U A
WOt R 55 R, (15 S (AR S8R

GG H. ZA5 R 5 SR (28] HhHERHRFAE{E
BB P AL T ZR A AR SIEAANAT, (HIX HLH 28
4 BAEZE /N T SCHK (28] Hhoxh iz 2 BEL, 3 1 B
TASCH I 3% TDS M F98crE B 4. T St
FEHHL TDS PAUFMHI P = 1.4.
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Py

Kl 6 SL-EDOI-PMOFBSCL i H ¥R Jili 5 1) ZiE i 45 1F . 8
B P 19725 1k it 22

Fig. 6. Curve of the time delay characteristic values 8 with
Py for chaotic laser from the SL-EDOI-PMOFBSCL.

3.4  ENMFOLERIFRKIE AT TDS KR
DA BOL AR IR A ARl 28, R4
K 6 B TDS PR MHIY P = 1.4, HABZSEH
AR 6, FIHITTRE (1) (6) AR AR 2 SE
SFARAE BRE A f AL HZR, WAL T B, sEIN ) B
#/NT 0.1, B TDS #oA RAml; 5 i T AEoL
EA AR ARS8, IR r A B 15
BER RN A f 922 A SR ORAS, U = 78 I A H
RRWEANET SIEBVD, B TDS B b

@ 0.08

—20 —10 0 10 20
Af/GHz

Kl 7  SL-EDOI-PMOFBSCL 4 H} IRl ' 4 48 i Ay AiF
BEE A f B ZZ AL 28

Fig. 7. Curve of the time delay characteristic values 3
versus Af for chaotic laser from the SL-EDOI-PMOFB-
SCL.
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BSCL) X TDS HA &7 i %08, % (SL-ED-
OIPMOFBSCL) %} TDS Bl R ALEA SMERL
FEEA PG RS RO (SL-EDOIL-OF) LA
T BA AP BB A F R AR AL 18 i D' S 5t
L PIARBOERS (SL-ESOI-PMOFBSCL) #H 7% H Al
43t X F SL-EDOI-OF &%, #H4FE 1 finir
L RIFAE PM, PD1, VA4 il Amplifier, Bl (5) 2
i gpm = 0; XFF SL-ESOI-PMOFBSCL 4t
BFH (3) P K= 0, BIEA MBI A.

S AILL K i KAE R4 28, R 7 BUE
R R % Af = 3 GHz, HASH W BUE 518 7,
PR (1) (6) MEUEZE R, 1595 3 D RGekH
TR G A AE B REAE(E B 1Y A8 b T 4R, an &l 8 i,
HA & 8(a) H Ky = 0.14, [ 8(b) F K, = 0.2.
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«Q
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010N 7N

£ SN S e
0.05 . ; . .

0 0.1 0.2 0.3 0.4 0.5

K,

0.35
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010 F o ]
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K

8  Xf T SL-EDOI-OF 1 SL-ESOI-PMOFBSCL L) K&
SL-EDOI-PMOFBSCL fii i i i Mt (a) %E W F51E (i B Bl
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Fig. 8. Curves of the time delay characteristic value S
versus (a) K, and (b) K for chaotic laser from the SL-
EDOI-OF, SL-ESOI-PMOFBSCL and SL-EDOI-PMOFB-
SCL.
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Fig. 9. Time series (a) and the corresponding power spec-
tra (b) for chaotic laser from SL-EDOI-PMOFBSCL at
feedback factor Km= 0.06, the dashed lines in (b) indicate
the value of the 3 dB bandwidth of the chaotic laser.
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Fig. 10. Curve of bandwidth versus feedback coefficient K
for chaotic laser from SL-EDOI-PMOFBSCL.
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Fig. 11. Curves of bandwidth versus feedback coefficient K
for chaotic laser from the SL-EDOI-PMOFBSCL at differ-
ent K,: (a) Km= 0.12; (b) Km= 0.18.
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Fig. 12. Bandwidth versus K, for chaotic laser from the
SL-EDOI-PMOFBSCL.
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Fig. 13. Bandwidth versus Py for chaotic laser from the
SL-EDOI-PMOFBSCL.

TEROCAIE R AMBLE, TEARMNROEER DL
SR PEREAIR, AR MROEAR i IR TG R SE i T
T LEREMIAN AT TR 45 R 5 SCHR [28] Hhat v bl
P Z A I 26 1B A FIEAART, (H AR SRAT Y
RIS AR RAE R T 3CHR [28] FRAYZER, X [
BT ARSI 5 G0 v TR I 5 A Ak

4.4  SREREA B0

B P, = 1.4, A SHWBUE S 13 #lF], LA
WA ARSI ZE, R TR (1)—(6) 1Y
BUEZE R, A5 R G R TG SEkE A f A8 fk
Mk inid 14 Frs. i & 14 w0, 7E TS E0E
I, Bl A f(ERZ I, 2 SeEseml/, SR )5
BT, 5 PR, BN A R A F (Al
HOGAR X MO GRS AR S AR, TIE OGS
i B P TR DS T AL AR o & AR AR AR, A S
IUEAE XA (0, 13) PYEFXT R A R AT Se M, 2
PR R A 5 MBSO e 2 [ & AR st 122,
i OGRS 7 A B iR, BT AR IR 8K B
B, FH ] 14 K8 AT UL, R TE SR8 G XTI Y
N SEE XK, R R AMEE A RO 5
15T IO AR N AR 7 0 B, (I AR 25 &
AU DT AR R AR LT RS T | Ak 1) 131,

Bandwidth/GHz
[oe]

7.15 7‘10 7‘5 (.J t.') 1.0 1.5
Af/GHz

’l 14  SL-EDOI-PMOFBSCL i 1 it it SEhE A f 14

Eiia

Fig. 14. Bandwidth versus Af for chaotic laser from the

SL-EDOI-PMOFBSCL.
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Abstract

Distributed feedback semiconductor lasers (DFB-SLs) are the class B lasers, and would output chaotic laser
under the external disturbances, such as external optical feedback and optical injection. Chaotic laser are widely
used in many fields, including optical fiber sensing, chaotic laser secure communication, and better entropy
sources for generating high-speed random number. However, the chaotic laser outputted from the semiconductor
lasers with external cavity optical feedback produces a time delay signature (TDS) , which limits the
applications of chaotic laser. On the other hand, the bandwidth (BW) of chaotic carrier signal plays the
important role in determining the transmission rate of information signal. Therefore, the TDS and BW are two
important parameters that will affect chaotic laser’s applications, and they are usually used to describe the
chaos characteristics of chaotic laser.

In this paper, we present a new scheme used to describe the TDS and investigate the BW of chaotic laser
from semiconductor laser. For this scheme, the output laser from a DFB-SL with external single optical
feedback is injected in double ways into another DFB-SL with phase modulation optical feedback by self chaos
light. Thus they form a semiconductor laser system with external double optical injection and phase modulation
optical feedback by self chaos light (SL-EDOI-PMOFBSCL). We investigate numerically the influences of the
system parameters on TDS, such as the injection coefficient and feedback coefficient. Then the suppression
effects on TDS are contrasted and analyzed with two other systems, that is to say, the semiconductor laser with
external double optical injection and optical feedback (SL-EDOI-OF) and the semiconductor laser with external
single optical injection and phase modulation optical feedback by self chaos light (SL-ESOI-PMOFBSCL). The
results indicate that the proposed scheme in this work has the better suppression effect on TDS. Then the BW
of the chaotic laser is investigated under the parameters conditions of effectively suppressing TDS. The
simulation results show that the scheme proposed in this work can enhance the BW of chaotic laser by
appropriately selecting the parametric values, and the maximum BW value of the obtained chaotic laser reaches
about 16 GHz.

Keywords: distributed feedback semiconductor laser, phase modulation optical feedback by self chaos light,

time delay signature, bandwidth
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