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Abstract: Chaotic laser has been widely applied in the fields of secure optical communication, random number
generation, chaotic lidar, chaotic optical time domain reflector and distributed optical fiber sensing due to its
characteristics of wide-spectrum, noise-like, low-coherence and so on. Photonic integrated chaotic semiconductor
laser is a kind of chaotic laser which is small in size, stable and low-cost. The progress of photonic integrated
chaotic semiconductor laser and its main applications in recent ten years were reviewed. Firstly, the photonic
integrated methods of chaotic semiconductor laser were introduced. Then, the classification of photonic integrated

chaotic semiconductor lasers was demonstrated. According to the perturbation mode, the external cavity structures
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including straight cavity, multiple-cavity, ring cavity, two-dimensional cavity and mutual injection were

discussed. The advantages and characteristics of these devices were compared. Furthermore, the applications of

photonic integrated chaotic semiconductor lasers in optical time domain reflectometer, secure optical

communication and random number generation were introduced. Finally, the key integration techniques, time

delay signature and intermittent chaos in photonic integrated chaotic laser were discussed.

Key words: photonic integration;

0 35l

1960 4F, 5 — G LA HOLRIEAE", AAZE,
A FH W BROC S P AR LA S 7 REP, B
HIRMIIEHR T, 1980 4R40, R MIHOEIX — &8
S P, B S R SER TEROL Y = 4R 07 5 5 TR T
TRV . RO BOL AR — A TRUE 19 i
WA, BARA TR S | I BE B A 46 (6
AR, T B DL R, IRMEOETE (R %O
fi I EEPLEC WOt efrtE . A XOLE L
SR BAT B T A E . IR EEOE T
P23 A ZOCET A2 IR S OG IR, LK™ A v B
HUECR P B R, A m IR 2 55 e AR DLl 5
ARG AR B RTINS

SR MEBOE IR 7 SEAS R T, R S8
Ve . 53 32 A RS 5 0 | AR A5 ) R PR i 5 R
MEHOCTE PR TR AR PEREE - SREOLAS |
D LRI i LA K WA O 5255 S 19 A W 4 e,
FIEN I T AR H B 5838, K AR DI RE 12 A IR
T PE RN ICIR S A F A e — R SE RO ™ A L IR A5 20
RERA T BE, 2 THOL TR BAEOR A TR i~ SR HO LA
AT S B M 4R o 5 53 S s 1 2R TR T O TR AR
L, SRR TEHOE A AN RS E | AR, TE )
TRHBN R EOCE R, FEPLECR A %%, LR A 20Ot
LT A AN 45 TR

SCH ARG AT I AR AOL TR R T HOL A
(O 9F 52 B A RS [R] 45 48 B 7 8 iR D F RO
e, IR R BGR Ph ARROL AR RO TEREREST T 0T S
B R, B TG RTRMHO AR E I R
SR PR G 5 A L™ AR AR AT B

1 REFSEHERERTH

ARG HATE A EOR DT &, SLBUR M SR E0E
for BRI T A A R R ORI 5 SR M A 5 3

i3

chaotic semiconductor laser;

optical feedback;  mutual injection

B AR R T RO A R OB TR | R
. GRS SRS AE R — I A, i
THAS ] X35 1) 4RI S 25 A 7E A i LSl &
O, P AR RE, TR R B EEA L L
P ARG Al P IR OGRS . i, 2013 4,
BB A N H S T — il R s B O #8085 i (Amplifier
Feedback Laser, AFL ), JOt 4% X FK X £ 5 FBFR
FH InGaAsP #1EL, IR HI 5 ¥ BHIR 22 HOR (A 5 X
BRI TR LURIVER X . BRT, J6F SR h ry il
T8 2K T4k (Silicon, Si) FE A InP 3, T SiJg T
]2 B SRR B, R GROR B, AR TR
TRBEERS P IEIRJE AR T A B 4 R 43, L InP S
S E AT B BA A S R A IR T R AR OE AR Y
MBS, 5Tz G0 DL AL A B
K DG HL PRI A5 D) 68 A A IR AR

TR G 32 U B AN [F] 1 Y F - oo A 3 DL &
HEA MRS SF AR T BN — . WG
(49 77 A0 T DL#EAT O 48 R TR AR OGS 1Y
seite flhn, EH PR RE AT 2017 4R 5 R A
B A TR P SR B0 A%, 8 HURHE & 0y 7 0k
4347 28 it (Distributed Feedback, DFB) #{ #8105 H 5
WEHBE . PE . REEBHEME, SRR
SRS . SRR A SRR B AN AT RSB
2= A A AR B, 38 W] DASE B Si 3 TR AR 14 5
InP & [ il 45 094 U5 25 20 4 B, B i R T E R R
By Si oA 4t 4 )i T AYfE (Silicon-on-Insulator, SOI)
T, 0 SOT i T . AT e % o B2 InP KA1 KL
5 H A B Z [ AE Al SR BC, 06 738 BOMERE 30K .
1 HLAE LA 4 04 R G T RV RS /I, R B B I B v
SEFE A, KRG BE A T 23 38 U K A AL S P E

HAT, L FAEC T 20 T & F 24 KM JePPIX
-4, Flhn, Guy Verschaffelt 25 A2 H i 18U I 5 K
JE VR T AR O G A R B T A i T .

202010662



s Gk A2

%124

www.irla.cn

% 49 A

Ak, HANTT 22 @] #1356 [ Infinera %528 w1 B4
TSR BTSN

2 RFEAREHAFNSE

PR BOLEE T B BBOLER, Sk sh vl A
IRMHOE. H AT InP 3L DFB $OB# T2 5, Btk
A2 IR W RO 2% 2 R H DFB O 284 ok
PR o FET R RRBOLE 7 AR RO 7 X F 2 A
SR OB G R A, Koot R B AR TR
O AL 7 2K, 70T B R AR RO S
WA T, FHEBURTEE R IR BOLE 5 7057
A2 B TR TR OGS A TR PE O 1) R — 2, 1Y
JE P R BOG RSN B 5 6T 7 A AR etk
BN . RIS SS A 3 7 B[R], DT
B BUR T SR BOE 88 FEAARE LU LR S5 .

21 HEREBRBREN

LS B IR 25 A8 LY ARG 8 S IR, D
AR S S AR AR i ', 7RI S B AR T b B v S AR
P A5, I AR B A Y~ SR SR X GHEATAR L
PA L GO A P AR IE RO . XS4 7 A TR
DG S B 2 AR BOG AR 23 A0 R L it SO,
PHONGE 23 2547 48 1 Ak 1 2 S B S S [l 2 AR O AR
P, XSO & I B0 D61 1A TR 30,
SO BE B AFRE o BRI 4G 1 R AR TR
TP SR BOE R 6 D S SR ROR [R] 22 B T
FEBE AR AR LA 1 b Bt 1 7 [ 08 98 1 2542 LA 3k 3
LN OA N ) N B = 8

2008 4, Apostolos Argyris % A & H —Ff U Bz 2
BRI FAR BUR T ARBOEER T, WK 1(a)
iR, 1%t i B DFB SOGAS XL 36 25 /WX, AH IR
R it B8 A v B BE 114 TG 016 i 5 SR 3R DX A A R AR
W o, TR TR v I 4 1 SRRl DFB
SRR R AT s AH DX LA I 23 B 3 1 b i
i B A A )R] 5 185 25 /08 W5 DX R T 9 74 B el 1Y 5
BE, TE S i B TAE ST, X — AT RDE
A s 3 g R XA I L AL, B R — N B AR TR K
AR WAL IXC 5 > 348 2 /R A DX ) A B, B R — AR S
RS K A% (Semiconductor Optical Amplifier, SOA),
R R 45 . 1% U B S5 R R AE AN W]
SHC AT P2 A 8 13 2R, s RS H

WIS BRI, 10, X4 DFB 3O #% X 5 H i Al
8 g /A DX PR Y T N, T A XL 4.1 mA &
11.3 mA, IZ8 7 Se i A A 1 B AR gt AR RS, P
aob S TR0 A DT AR A [ 3 R s ), o ol A
DFB MOt a% 19 5 FL L, AT LU OGS 1Y S 8 4% 5
i, SR AR A 7 AT DLdicE DFB O #8034
P W A AR 5 A %8 22 L, AT SO 2 Ak T
i e R el F B Rt 2015 4F, Joshua P. Toomey
N T ICALH, 8 9915 DFB O &8 X0 fh B
WAESE 1% 0 B R AR e R AR AL 2
] By R A . WFoT 4 SRR, KIE S5 TR T O
DR T L i /2 7 oK o TEIZ U B v, R
N 1em M2 T, DFB X 9 & HL KT 40 mA, 7]
PRAEIZ A TARTER ST, it e P 3H A TR
WO U, £ DFB WOGER X B . AHA, X LI L 3 25/
WS DX L 33X =S S5O I 25 (R Y, i DO B X o

(2)

) :
— . PH SOA  HRC |

o (b

P B R A A B A R T RO o () B,
(b) AFL, (c) X SOA, (d) Jt: T-#h {4 i 8t . DFB-LD: 437 U5 ik
PP G/As: H2E M ; PH: HIIX; SOA: 3 M40LHL
KX ; HRC: 5 )% JIié; Passive waveguide: JC I Y6 i 5 ; Photonic
crystal waveguide: YT ik E S

Fig.1 Single-feedback monolithically integrated chaotic semiconductor

laser with straight external cavity. (a) Four-section structure,
(b) AFL, (c) double-SOA structure, (d) photonic crystal structure.
DFB-LD: Distributed feedback laser diode; G/As: Gain/Absorp-
tion section, PH: Phase section; SOA: Semiconductor optical

amplifier; HRC: High reflection film
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Fig.3 Hybird integrated chaotic semiconductor laser. (a) Structure diagram; (b) Object picture
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Fig.4 Typical dynamics of Hybrid integrated chaotic semiconductor laser. (a) Time series; (b) Power spectra; (c) Phase portraits; (d) Autocorrelation

curve
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Fig.6 Integrated chaotic semiconductor laser on chip with ring cavity
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Fig.7 (a) Integrated chaotic semiconductor laser with two-dimensional
external cavity; (b) Structure diagram of two-dimensional

external cavity
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Fig.8 Integrated chaotic semiconductor laser with long external cavity
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