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Fig. 1. (al), (a2) Time series; (bl), (b2) ACF curve; (c1), (¢2) PE curve of a nanolaser under optical feedback. The feedback coupling

fraction: (al)—(cl) f = 0.02; (a2)—(c2) f = 0.06.
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Fig. 2. (a) TDS and (b) H[P ] of a nanolaser subjected to optical feedback as functions of «, €.

KUY, TOEE BB REEE R, R, 24
KH ACF FRAEAH G BB, 22 % BUAE it ZE s Bt
UT ELAT B WA BE Ak, PR i 28 rp Xt 107 48 31
B) A7, A BT B A R . X A R R
T 75 AR REZRAFE 1 AL B ARAIE . S 157 A28 B B 30 F iz A
TRV, W MH T A2 3R ZE I AR AE B
BT ATV €28 QA N [ D N o e 1 132
HAFAE, SR T4 DG s KRB R AL SRt
Tty A 1014 40 56 5 Tt 200 O i s LA 9 A
Kotk FECT Fre AR R RENL R 22 R
PET RS A O i FR O, (St R R I S R
TERFARFET, 7 1T BEA 5 0 R S R SE AR AE 81,
DRI, T R HAt A R =X, 81 G 348 o sz 455 s

R R AR L MR B R B s s AR DG, 42
THEEN A AN ] FEI A B2 -5 BRUS A2 e, 22 i
R B2,

HOk, ZIEA RO N S Bt R RN 1 e
HE TG N T o RIRMAR 5 IR, o2
FRAEARLANEARRS | I3 WA SN PR 300701 S8 7
T R TE R S i) — I E 24 K] 2(a) JER T
BEHE ot ¥R BTt O A I AE AR AR (R AR AL, RS B
RN TDS B #iss, (HARER 2 5E 421
B, RIS SERAE(E L6 2R T 0.2, fERX A AF TS
IEAF S TCIEAE T S A B RO R, 25
PRSI o 3 20T PO 1 X R i i 8
ORI, JETE I 2, RO G 58, M 55

114201-4


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

Y 32 2 3R Acta Phys. Sin. Vol. 70, No. 11 (2021)

114201

THMERIE B, MR R, & 2(b) W
TR AT T B AR A, I SE R (R A2 AN
GFAR R, X B HP {EL 23 32 808 o f e 1 1.
AN, [5E off, KIBEE e Wi/, St s A4
TR AR5 A AT BN R BE 2 A B4R T, I RERR
MEWAEAE DU s sy . AP B AT T 248 4 T AL
PO 5 B R ZU 2, RIS 45 1 A A 14
DRI, OGS I it B IR 5 2 B B AR 4 O BH JE A
A, P 2B /MR B4R , RO
HR AL TS IR A . T TR R v R AR AL
KS a8 A1 KY 444 (Kaplan-Yorke dimension)
SERORXA Tt AP 5 T IR B 12700
Prb e 248 T 34K e 2 T B R Ay s B3,
25 LA, BUIN e BRI o F T 44 5 20 K
St IR 1 BB, R AR SERAAE (.
RITIRBOLAF A EZMER AT (F, B)
X TR il A2 2% BE AR S MR FLA SO BIFSE
PARHOC TR T L RRPE, B3RS BRI ] A 3
AR AR 2 B I S R S R S T A b s F AR
IRZIG; BN A KRS T & IE AR &
A Le. aniEl 3 B, s G B F f7E 0.005—
0.080 WAk, BEAE ST AN, I SEAFAE A 2 5 3
FHNE YA 8, OGP0 ShBCR s,
iR Tl e 20 AL P i, TR T ) SR W ), 7R
Bt G P SOZ B Rt AR R s XU, Ot
SRS E RSN s 1R, BSR4
S, RIS AT O SO BT sis , I SE AL A U2
UL, X STEAL SR AR BO GRS 2 1 I AE S
TR AR a2 B RS E 8 = 0.1, FIA
) ARALTERILE 1030 I, A /) Ao 10 £ FL U D

1.0

(a) —— F=10
—-— =15
0.9 —— F=20
—~— F=25
o8l —— =30
w0
A o7}
&
0.6 F
05}
0.4 , , ,
0 0.02 0.04 0.06 0.08

Feedback coupling fraction f

K3 St BaKEOLA

3, JEAS R TR R o R A — e 4
1M 3 LA SR P B (L FEL I T = 1.1 mABOL A 3 A 245
BT RN F 2 'S BOR M5 0 BEBLE S
Xof N B AERRAE AR AR B . Ok, [ FAE, AR B
AR FIRER AR S, B BIE NS, i IERRAE
S X IASE T H R RS 2 S EBUHO LA
SNIERFRAR, 51 % BRI eSO i 3l ) 25
flad R rh Az K RN, AT S M 4K O a4 Hh
AEL LS 1T R B
B, LS PR I I RO XR T
AL A R S, A5 SR E 4 TR
Loc = gl , ¢ AR RMETF. KA 58
BETN, AN [ i PR R (4 HIP) B B B SR AIE TE
W 2 e (LR 2 S 5 B — 2P, TR A
BRI N B AN A SR SN, B EREAE
BN/ IN. PRCATEE ROBAIET 5w i R U
St ROCE 5, AR RGPS B RIZN, e
Dtk b TR T 1 B At B (DR ], YR i
AIBERL PR 25 8y I HLNEE s B, AN [
i 8T R OGHR A9 22 S 2s W A, 33 TR b
BERIL Y B Fof A AR A A 2 S B S ] .
TGRS A TR BE ML IR 55, TCTk Bt
AR A A RRE, S0 BER HDGTE A S AR 5
IR R 3G 5 UL FRATT A B T IR R
TR AT LA G 1l A0 o) B A R 3R DA R R
Af =25GHz, REHE T f= 0.02 H6], Bk
SELANEE 5 FroR. AT LUE B, LE A GE B Y
H[P] M\ 0.90 #2723 0.95 L) |, I SE4RAF At 25
7 S (1026 2 A N T RSP NG e
F B ke = 100 ns ™LA AR AN R R0 A R B

(b) —— F=10

H[P|

0.85 |

0.80

0.75

0.70 . . .
0 0.02 0.04 0.06 0.08

Feedback coupling fraction f

(a) TDS 5 (b) H[P] K% F #7251k

Fig. 3. (a) TDS and (b) H[P] of a nanolaser subjected to optical feedback as functions of F .
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Abstract

As an important optical element of the optical integration in the future, nanolasers has been a research
hotspot in recent years, and the corresponding structural engineering and output characteristics have been
widely investigated. However, the nonlinear dynamical performances of nanolasers are rarely reported. Only
some preliminary analyses of the dynamic behavior under the optical feedback, optical injection and mutual
injection can be found. Some researches pointed out the future prospect of nanolasers, however, some chaos-
based applications have not been explored. Therefore, we numerically investigate chaos dynamics in a nanolaser
subjected to optical feedback and in another nanolaser subjected to chaotic injection from the former structure
by using single mode rate equation, which includes the Purcell cavity-enhanced spontaneous emission factor F
and spontaneous emission coupling factor 8. The F denotes the ratio of the spontaneous emission rate into the
cavity mode to the total spontaneous emission rate in the bulk medium in the absence of a cavity and (
represents the fraction of spontaneous emitted photons which are coupled into cavity mode. Specifically, chaos
time delay signature (TDS) and unpredictability are evaluated by the peak size of autocorrelation function
(ACF) and permutation entropy (PE) respectively. Such kinds of calculations have the advantage of fast

operation speed and anti-noise robustness. The results show that the increasing of bias current and the
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decreasing of gain saturation factor ¢, F and 3 are beneficial to improving the unpredictability and suppressing
TDS because the weak damping of the relaxation oscillation leads to strong oscillation. Large linewidth
enhancement factor a will increase the number of laser oscillating modes, sideband modes, the spectral
components, and enhance the dispersion effect, which will also weaken the information about outer cavity and
improve the complexity of chaos. In addition, the above-mentioned chaos properties can be enhanced by
injecting the chaos output from a nanolaser subjected to optical feedback into another (slave) nanolaser, which
is due to the nonlinear interaction between the driving chaotic signal and the internal electric field of the slave
nanolaser. Finally, two-dimensional maps depicting high unpredictability and TDS concealment in the
parameter space of the frequency detuning and the injection strength are obtained. It can be found that
unpredictability degree can be enhanced by choosing high detuning frequency and intermediate injection
strength in the non-injection locking area. The numerical results pave the way for generating the high-quality
chaotic sources on a chip or the photonic integrated circuits based on novel semiconductor nanolaser and its

related applications.

Keywords: nanolasers, chaos, unpredictability, time delay signature
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