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Fig. 1. (color online) The schematic of the control scheme for the polarization switching and the nonlinear dynamic
behaviors of optically injected VCSEL, where M-VCSEL, master VCSEL; S-VCSEL, slave VCSEL; LEF, longitudinal
electric field; TEF, transverse electric field; IS, isolator; PPLN, periodical poled LiNbOgs; un and pg, the bias current;

BS, beam splitter; PBS, polarization beams splitter; OOS, optical oscilloscope; OSA, Optical spectrum analyzer;

PC, polarization controller; POI, parallel optical injection; OOI, orthogonal optical injection.
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Fig. 10. (color online) For different the applied electric field Eo1, the dependences of the average intensities
of the z- and y-LP component from the S-VCSEL1 with OOI on the bias current. ug, where. puy = 1.18;

kinj = 10 ns™1; Eg2 = 0 kV/mm.

1.0

—uax-LP
—y-LP |

(a) Eo=0kV/mm
0.8}

0.6

0.4

I(t), Iy(t)

0.2

0 ! | |

0 3 6 9 12 15

t/ns

1.2

(c) Ep=1.326 kV/mm — 2-LP
1.0y —y-LP ]

0.8f

0.6}

[=2)

L(t), I,(t)

0.

=

0.

]

0 3 6 9 12 15

t/ns

11
s = 1.2, puy = 1.18; kin; = 10 ns™!; Ep2 =0 kV/mm

0.8
(b) Ey=0.6849 kV/mm —z-LP
—y-LP
0.6
=
0.4
NG
0.2
0 . . )
0 3 6 9 12 15
t/ns
1.2
(d) Eo=1.474 kV/mm —a-LP
1.0} —y-LP
~ 08¢
=
= 06
~ 04
0.2f
0 R A .
0 3 6 9 12 15

t/ns

(M TR ) AESMINHEY Eoy fEA T, %3 POLY S-VCSEL2 il t 2-LP 1 y-LP BOG 3 (¥ I (8] 052, B,

Fig. 11. (color online) Under different the applied electric field Eg1, the temporal traces of the light intensity of the
output z-LP or y-LP mode component from the S-VCSEL2 with POI when. ug = 1.2, uy = 1.18, kin; = 10 ns— 1,

Ep2 =0 kV/mm.

114203-9


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

38 % R Acta Phys. Sin. Vol. 64, No. 11 (2015) 114203
1.2 T T T 1.0 T T T T
(a) Eg=0kV/mm — z-LP (b) Ey=0.6849 kV/mm —z-LP
1.0 — y-LP ] ost — yLP |
S 08 =
= Z 06}
= 06 = -
= = 04 " b |
< 0.4 = i N I
0.2 0.2 \
0 . . . . o . . A
0 3 6 9 12 15 0 3 6 9 12 15
t/ns t/ns
1.2 T T T 1.2 T T T
(c) Eo=1.326 kV/mm — z-LP (d) Ey=1.474 kV/mm — a-LP
1.0 —y-LP 1 1.0 —y-LP 1
/_gj; 0.8 1 ~ 08}
= 06 = 0.6
S =
<04 i = 04
0.2 i 0.2
\A(\/\ ) v v " o o a1
% 3 6 9 12 15 % 3 6 9 12 15

t/ns

t/ns

EBl12 (MTIRA) AFRSMIES Eoy fEH T, %3 OOI ¥ S-VCSELL #ith x-LP il y-LP 1445 &% 3 11 B[R] $L 2.
B, ps = 1.2, pyg = 1.18; kinj = 10 ns™1; Ego = 0 kV/mm

Fig. 12. (color online) Under different the applied electric field Eg1, the temporal traces of the light intensity
of the output z- or y-LP mode component from the S-VCSEL1 with OOI when. pug = 1.2, uy = 1.18,

kinj =10 IlS_l, Eg2 =0 kV/mm.

PL b #r 45 R & W1 #£ M-VCSEL 1 S-
VCSEL ¥4 B ¥ 40 5 Y61 N B0 R 4, 35 6 M-
VCSEL K5 (P 8 41 73 5 64T HLOYG R B2 1 o),
X TAE B OGS I B H p, 22 POLAI 00T
() S-VCSEL % 't i H1% B8 1t in 3 Fi ' o 4 F) 48 1)
H 37 R A PE AR % A8 k. 9 B LR 3% i g 0 4%
TR AR 5L 2R, %35 B A B0 2 50328 g 1F 5% i 2% (I
B3I G). Ha2, PRI 0 H i A A
AP A A [ B, IR B T 0628 B
wOLE 3 EES). MO e B AR [
(BT, RO 48 1 91k 2 e B A i s i e 3
AN TR R A R R ] — o 1 32 SO A e B
HLIL, FEAMINAE F) B3 /R FH R, PR RO 38 i H vl
ORISR B AW IR, ZEIX AN 2N, PHEINEOE #5 0) fi
PR AR T 7 I 1) fi 3, 5 BIOG AR 6
BEHRIC O, T I0 Y B O S 00 R B R
P Hofar BRI R e B (LR 9 ATEE 10). e dliE
B2, @ XS PPLN Jitd in A ins [a) 37, AN A]
DAz i POLAT OOL Bl O &8 B i 9% FE, 38 ] DA%
HIHAE LB AT v (R 11 fE 12). Rkt
L4 RAEVE Z A A EE M N, WndE T VCSEL
() I A 1 R T 4% A e G B TR R 2T

VCSEL [l IR [7] 25 R 1k (1 ) 15 2 B A8 1
Mt 2 AEE miR 2 RS IEE RGP HEE
B A Re R AT A%, TRTE [ 2D 1% ] 28 WA,
I A5 S 7 SRS, TR, BUAMEYGEA
VCSEL ] PS R 1t 75 w] 4% 462 #1711 2 9 1,
AT A LB FTEE RAEIZ L i £ R i
BT AN VCSEL 468 48 1 2 1t
BT IR S A SR AR R A P Jed SO0 8 0 ) L PR
BAMEE G RE R B AN E] VCSEL Z [8] {1 L
PRI B ORI NS 5, BIROGES 15 H
PRAE SRS . AR H AT SOk s 020 3k
T VCSEL M4 T H I 57 R EZEA W T
JUAS SRR 7 56 — A PS, fihis i il LA (32
i ] P i L FELUAL), R P R RE R A ELAE SR
WAL AR R E T BRTT, ST SR P =
FE L PS AAM A 58 B2 2 T8) (AR ELAE S, S
PADCEERE IS 1] P =R T PS5 A
VCSEL 2 [ w0355 22 22 8] (A B4R F 291, 523
GGG [T, 2R, £ ER ) IXEETT R,
RIOGES 1 PS X B HLR, SMEEA DGR A
RO A% 2 18] [ RO AR SR AR U, XS
BMIPLEh AT RE S BOPS KB, TR 25

114203-10


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

38 % |  Acta Phys. Sin. Vol. 64, No. 11 (2015) 114203

BHCIRES. B, 1R BRI A6 B T BT, fE R IR HOtS 28 Si5h, T
Ef, R ENERE, RIS AtE T PS M LIRS BUE T BEARE AR, X%

0.4 T " 0.16
4
= 0.3 0.12
z m —~
S 2 ot
~ 02 § = 0.08
z =0
do01 ) 0.04
0 : ' : 21 -2 ' : 0
0 3 6 9 5 0 1 2 3 0.985 0.990 0.995 1.000
t/ns (v—10)/GHz N(t)

(a) Eg=0kV/mm

0.4 n 4
—~ o
= =3
%) 3
N 5 2
3

3
- < 0

)

~1

ol . .
0.985 0.990 0.995 1.000
(v—wy)/GHz N(t)

(b) Eg=0.1 kV/mm

m 6
= 3
= 3 4
) =
= A2
< 3 0
W —2 0
0 0.988 0.992 0.996
(v—19)/GHz N(t)
(c) Ep=0.15 kV/mm
- g °
o ~ 4 0.2
3 3 _
- 3 2 o
S “ =01
) 30
Z
0 _9 " L 0
0 2 4 6 0.98 0.988 0.996 1.002
(v—wy)/GHz N(t)
(d) Ep=0.20 kV/mm
0.4 a
< =
3 03 2
5 3
= 0.2 “
3 3
5 0.1 \:5
0 D s ' ' '
0 3 6 9 12 15 0 3 6 9 12 15

t/ns (v—wy)/GHz

(e) Ey=0.65 kV/mm

El13  (MTIRE) AFEMNEY Eoy fEF N, %23 POLM S-VCSEL2 #ith z-LP # y-LP 7y &G AEL 1 3) 1 %47 R
AW, BH, us = 1.06, v = 1.18; kinj = 5 ns™1; Eo2 = 2E01; Sz(w) = |Eagz(w) |?; Sy(w) = |Eagy(w) 1%
Iy = Ioq + Ioy. ABSER: y-LP o i, WESE: o-LP 8. 00— 5 B EoGA 6 A miR 5o 2 7 B, shia—31)
BB o3 A B A 14— R B0 G SROGEE To A SR BIRT N K A 723 T 23 A

Fig. 13. (color online) The nonlinear dynamic behaviors evolution of each LP component from the S-VCSEL2 with
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Manipulation of the polarization switching and the
nonlinear dynamic behaviors of the vertical-cavity
surface-emitting laser subjected to optical injection by
EO modulation®
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Abstract

For the polarization switching (PS) and the nonlinear dynamic behaviors (NDBs) of the optically injected laser
system composed of master vertical-cavity surface-emitting laser (M-VCSEL) and slave vertical-cavity surface-emitting
laser (S-VCSEL), we put forward a novel manipulation scheme and explore their control law by means of electro-optic
(EO) modulation with quasi-phase matched technology in periodically poled LiNbOs. It is found that the PS of the
S-VCSEL subjected to parallel or orthogonal optical injection undergoes a change of periodic oscillation with the applied
transverse electric field. The envelope trajectory of the oscillation peak appears to be a cosine curve, and that of the
oscillation wave trough becomes a sine curve. Besides, the PS of the S-VCSEL only depends on the applied transverse
electric field and the bias current of the M-VCSEL, and is independent of the bias current of the S-VCSEL. When the
bias current of the M-VCSEL takes a different value, the PS of the S-VCSEL shows a different evolution law in one
period of the applied electric field. For a certain fixed bias current of the M-VCSEL, the optically injected S-VCSEL can
emit an arbitrary polarization mode and its NDBs experience different evolutions when the light from the M-VCSEL
goes through EO intensity modulation. If the output light of the M-VCSEL is subjected to EO intensity modulation and
EO phase modulation simultaneously, while the bias current of the S-VCSEL is fixed at 1.06, that of the M-VCSEL is
fixed at 1.18, and the optical injection strength is set at 5 ns™!, then the output polarization of the S-VCSEL is in turn
switched from the y-LP to the left-handed elliptic polarization (EP), then the right-handed EP circular polarization, and
lastly the left-handed EP. And its NDB shows in turn a single period, four doubled periods, chaos, four doubled periods,

and chaos with the increase of the applied electric field.

Keywords: vertical cavity surface emitting laser subjected to external optical injection, linear electro-

optic effect with quasi-phase matching, polarization switching, nonlinear dynamic behavior
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