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Fig. 1. Schematic diagram of the experimental system. TSL, tunable semiconductor laser; PC, polarization con-

troller; VA, variable attenuator; OC, optical circulator; FC, fiber coupler; PM, power meter; PD, photodiode; ESA,

electrical spectrum analyzer; OSA, optical spectrum analyzer. Solid line, optical path; dashes line, electrical path.
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Fig. 2. For I = 2.50 mA, measured optical spectrum of

a free-running VCSEL under T' = 20 °C (a), and linear

birefringence coefficient as a function of temperature (b).

TR T e R U PR PR A ) R SR SO s AR TR L,
SE T IO BIR EE 10.00-—30.00 °C YE A G 1.
HR A S B0 IR 1 A AN R BB 2 A F okt tH B A
AR B R [y, W0 2 (b) Fias. MK 2 (b) AT LA
H, BT, 4 B A RBLE TS, £ BTt
Pk AR AR REE BB, 4R FEALE 10.00— 30.00 °C
YA AR, ~p, BIARARIE FE K204 4.28 GHz, AH
XA (B 20.00 °CAEAPRE) N 3.99%. %S
By, RAAIBRFEWR: ~, iR VOSEL
AN TEAZ 0 28 PE s 41 5 X R A9 26 2 (] 22 57t 4 3
B AN 1 AZ 1 26 1 i A = P AT 2 22 S B ke
TR XA 5T 5 2R AE A AR T [ B 3 o
ZE 5, TR AR 2 5 A IR XA T 2 Kk
A, T By, 2 R AE AR AL

3.2 ZM_EeEMRAY Y. ERENTL

PR P R B SO B A [\ i R A, &
A BT I 2 W, A 4R A5 2T 3R 45 1 4 2
A —wEZR X—EREd Zm Ry, ok
RAE. RAELME MR, 5SHER N6
PR E o AR 1R AN R B yon 2 THI SR R
Yo = (Y0 — Ynon)/2 2%, HEIE 4o AT ypon HIH,
FLAEIRAT va. HRIESTHR [26], 70 = (A, — Avy),
H Avy, Avy 90 2-LP Rl y-LP i i (613
23 Voigt & J5 73 21 1 2 M K 4 v 5 192710 i
Ynon MW 7E I 7 238 3 A [F] B3 1R 0, R 2 ol
) e /ME, X — 5 AME BRI Yoo TR3E R T
HAy MR, B8 7T = 20.00 °CHF, ¥t 2% R
B HIRTE 2.00—6.00 mA Y5l N, |0 Bl HLI A4S
b, G5 R B 3 (a) fias. HES () /5, |yo| B
IMEHBAET = 3.25 mA (WM T iZIRE T I
FKHLR), N0.057 GHz, BIRET = 20.00 °CHf
Ynon = 0.057 GHz. MM A iH5E T = 2.50 mA,
T = 20.00 °CHf ]y, = 0.047 GHz. X A
7k, B F) T = 2.50 mA. I 7E 10.00—30.00 °C
0 Bl N AR AT -y, 1R 3 45 R 3 (b) B,
MEL3 (b) AT i, v, B iR 3G 0 2 90 30748
e ss . AR T3y, A SR I S R R
Tk P52 1A AR AR 5| S A O R ASE I U0 K R A R
T A 5 DX A J52 45 (L P 86 25 2 5 3 AR DR 1, TRtk
R FE R AR AR, P AN RS AT 3RS 1) 3 A
FE RKAEAR, T 51 EE R A 7 22 S 1 — m) €k
My, RAARA.

214203-3


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 21 (2018) 214203

0.32 S R T T
0.281 ® M -
0.24 : . 1
0.20 ; L -
0164 F - -
012 ~ A Swl

0.08 1

AR Ik R/ GHz

0.04 T T T T T
20 25 3.0 35 40 45 50 55 6.0

TR IR/ mA

0-16 T T T T T T T T T
0.14- VN .
0.12 ; N 4

0.10+ - i

Il ok 4L/ GHz

0.08, Pl .

B

0.064 « /.' ‘.\ ; ' _

2

0.04 T T T T T T T T T
10 12 14 16 18 20 22 24 26 28 30

e /C

B3 (a) T = 20.00 °C 43 3k — 1] Mk R B4 0t 1
(Ivol) BB IAEAL; (b) T = 2.50 mA I, Ziik Rtk
FH (a) BEIRZ AL
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for I = 2.50 mA.
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Abstract

Compared with conventional edge-emitting semiconductor lasers, vertical-cavity surface-emitting lasers (VCSELSs)
exhibit many advantages such as low power consumption, low threshold current, single longitudinal-mode operation,
circular output beam with narrow divergence, on-wafer testing capability, high bandwidth modulation, low cost and
easy large-scale integration into two-dimensional arrays, etc. VCSELs have been widely adopted in various applications
such as optical communication, optical storage, parallel optical links, etc. At the same time, the rich dynamic charac-
teristics of VCSELs have always been one of the frontier topics in the field of laser research, and many theoretically and
experimentally investigated results have been reported. For theoretically investigating the dynamical characteristics of
VCSELs, the spin-flip model (SFM) is one of most commonly and effectively used methods. In order to accurately predict
the nonlinear dynamical performance of a 1550 nm-VCSEL, six characteristic parameters included in the rate equations
of the SFM need to be given accurately. The six characteristic parameters are the decay rate of field k, the decay
rate of total carrier population 7w, the linear anisotropies representing dichroism ~,, the linear anisotropies representing
birefringence vp, the spin-flip rate v, and the linewidth enhancement factor c. In this work, through experimentally
analyzing the output performances of a 1550 nm-VCSEL under free-running and parallel polarized optical injection, such
six characteristic parameters included in the SFM are extracted first in the case that the temperature of the VCSEL is
set to be 20.00 °C. Furthermore, through gradually increasing the temperature of the 1550 nm-VCSEL from 10.00 °C to
30.00 °C, the dependence of the six characteristic parameters on the temperature of the 1550 nm-VCSEL is investigated
emphatically. The results show that with the increase of temperature of the 1550 nm-VCSEL, the linear anisotropy
representing birefringence 7, behaves as an increasing trend, and the linewidth enhancement factor o shows a decreas-
ing trend. However, the other four characteristic parameters present complex varying trends with the increase of the
temperature of the 1550 nm-VCSEL. The research in this paper is helpful in accurately understanding and controlling

the dynamical characteristics of the VCSEL, and we hope that it can give a guidance for practical applications.

Keywords: 1550 nm vertical-cavity surface-emitting lasers, spin-flip model, characteristic parameters,

temperature variation
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