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Fig. 2 Bifurcation diagram of standardized photon densities
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Fig. 3 Bifurcation diagram of standardized photon density(z=0. 2 ns)and its part simulation
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Fig. 4 Time series,attractors and Poincaré sections for period 1.2,4,8

ARSI R R EE A= 2. 050 X 10"l k=
2.250X10 "W A5 F| & 5. & 5 Ca) F1(h) 43 5% i
112 AR T A A B ] 5 [ | R R SR AR
T . A] DAYE A 2. B 5 Ca) B[] T 40 2 R I A
JP 11 o 7 P R SR I T AR 3 A KA 1
SChyrfr, W [a] 7y 51 o T AR A PR Sk i F 45 3
A 2 — S i R ) 2 A

WA BUE L=3.0 cm I, 7EE/NY
SR AR CHD A<<1. 180X 10 T i % #% 43 kb T 81 4
X B Fa A s i IO X5 14 ol S 15
FE T T 1t L 258 21085 s AR ] 390 4 20, 3 AT Vo ) B
G5 3F— 201G R R B 7R R X v R 12
7l 3 R 12 SOt 28 U AR .

2.5 1.5 1.45 ;
. L d
2.0
1.40
1.0
1.5 1 :
1.35
1.0 Y
05 o
1.30
0.5 .
T - o E125 *
g 0 g O S
2 0 2 4 ,20 2.15 2.16 2.17 218 1.2 1.4 1.6
% = (a)Period 12 <
S25 = 3.0 E 3.0 N
E: .
o 25 25 [ 5
20 7 2.0 . .
1.5
.o ¢ " '
L5 | L5 o3
1 0 | . ‘ -
' 10 } 1.0 L .
0.5 UJ 1 05 | 05 ‘ :‘ .
0 . . 0 L N . 0
0 2 4 2.10 2.15 2.20 2.25 0 1 2 3
t/ns n/(x10%cm) p(k)/(x10"cm™)
(b)Chaos
B5 FE#12BwAleEF R FREFXETHE
Fig. 5 Time series,attractors and Poincaré sections for period 12 and chaos
3 &£ BRI S XA T R . Sl R X 5
Zal

A SCA) A BE AL B9 7 38 XA R B L Aok
SR B X REIR G Bt VCSEL IR 3 1 22 i bk
RS2 PR T T R 9. A SCAS 21 A0 s 38 8 1 SO 2% L 7

WO 2 [ B BUBUR S s S B B O &% AW
IR BIAR /N2 B IR N A AL T BUBUIR 2 L 22 TR X
Ja O A AN HE A BUIUIR 25 R e 2 A L O
WOt M N 3. 0 em, i S5 38 B H /NI R



276

P R S

40 &

WO 2 IWBUIUIR 25 0 AR 3 1. P2 A5 A 30 0 &
HEAGRE 7 R M X P i BER 4 12 7
S &k

[1]

2]

[3]

[4]

[5]

[6]

LI Lin, ZHONG Jing-chang, SU Wei, et al. Vertical cavity
surface emitting lasers[ J]. Journal of Changchun University
of Science and Technology .2003,26(2) :68-72.

MR E LIRS EE RS RO RL ] KE
TR 2247 ,2003,26(2) :68-72.

HAN Li-ying, JIA Chun-hui, LIU Lei. Characteristics of
vertical cavity surface emitting lasers[ J|. Photon Technology ,
2006,14(4):181-184.

By SR N A 3 I TR 5 S A O E R T 4 BT
[J]. 6 FHAKR . 2006,14(4) :181-184.

SPENCER P S,MIRASSO C R,SHORE K A. Effect of strong
optical feedback on vertical-cavity surface-emitting lasers[ ] ].
IEEE Photonics Technology Letters 1998,10(2) :191-193.

LI Xiao-feng, PAN Wei, LUO Bin, et al. Control of nonlinear
dynamics in external-cavity VCSELs with delayed negative
optoelectronic feedback [ J 1. Chaos, Solition and Fractals,
2006,30(4) :1004-1011.

PAN Wei, ZHANG Xiao-xia, LUO Bin, et al. Analysis
expression of rate equation for vertical cavity lasers [ ] ].
Semiconductor Photonics and Technology ,2000,6(1) :40-42.
YU S F. Dynamic behavior of vertical Cavity surface-emitting
lasers[ J]. IEEE Jowrnal of Quautum Electronics, 1996, 32
(7):1168-1179.

(7]

[10]

[11]

[12]

LI Xiao-feng, PAN Wei, LUO Bin, et al. Nonlinear dynamic

behaviors of an optically injected vertical-cavity surface-
emitting laser[J]. Chaos, Solition and Fractals,2006,27(5):
1387-1394.

LIU Yu-Jin, ZHANG Sheng-hai, QIAN Xing-zhong. Chaos
synchronization in injection-locked semiconductor laser with
optical feedback[]]. Chinese Physics,2007,16(2) ;463-465.
OHTSUBO J. Chaos
masking in semiconductor laser with optical feedback [[J].
IEEE Journal of Quautum Electronics, 2002,38 (9).1141-
1154,

LI Xiao-feng. Study on nonlinear dynamics of vertical-cavity

synchronization and chaotic signal

surface-emitting lasers with external optical feedback [ D].
Chengdu: Southwest Jiaotong University,2006.

AR P T B THT OG5 S0 O R B AR 4R P B S R R B
[DJ. BU#R : 74 g 223 K 2% . 2006.

LI Feng. Synchronization and communication in cascade and
multichannel system with chaotic VCSELs [ D]. Chengdu:
Southwest Jiaotong University,2008.

. M T VCSELs (9 K 215 18 & 50 (19 IR 16 R 25 5 3 5
[ D, B - 7Y R 238 K % . 2008.

VALLE A,PESQUERA L, TUROVETS S I,et al. Nonlinear
dynamics of current-modulated vertical-cavity surface-
emitting laser[ J]. Optics Communications, 2002, 208 (1-3) ;
173-182.

Chaotic Dynamic Behaviors of Vertical Cavity Surface
Emitting Laser with Delayed Optical Feedback

TAN Jian-feng' ,ZHANG Sheng-hai' , WANG Wei* ,ZHAO Zhen-hua'

(1 Department of Mathematics and Physics , Institute of Science ,

PLA Information Engineering University . Zhengzhou 450001.China)
(2 Sergeant College of the Second Artillery ,Qingzhou,Shandong 262500 ,China)

Abstract; According to the dynamic model of Vertical Cavity Surface Emitting Laser (VCSEL) with delay

optical feedback,its chaotic dynamic behaviors were discussed by numerical simulation. And the influence

of the external cavity length and optical feedback strength on the dynamic was analyzed. The results show

that laser with short external cavity will come back to frequency-locked state after chaos. Laser with long

external cavity will come back to period 1 instead of the locked state after chaos. When the external cavity

is 3.0 cm, with optical feedback strength increasing,laser turns into chaos by bifurcation,and it can also get

period 12 window in chaos. The research results have some theoretical reference value on practical

applications.

Key words: Delayed optical feedback; Vertical Cavity Surface Emitting Laser (VCSEL) ; Chaotic dynamic

behaviors; Frequency-locked; Bifurcation





