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Parameter Extraction of Rate Equations for Buried Tunnel Junction
Vertical-cavity Surface-emitting Lasers

PENG Jin-hua, WU Dong-sheng., XU Quan, PING Lan-lan
(School of Electronic & Information Engineering » Anhui University of Architecture, Hefei 230601, China)

Abstract: In order to design and optimize high frequency performances of laser diodes, accurate
extraction methods for the rate equation parameters are very important. A method for the rate
equation parameter extraction for long-wavelength and high-bandwidth buried tunnel junction
vertical-cavity surface-emitting lasers is presented. This method bases on the threshold current,
output power, resonance frequency, damping factor and nonlinear effect of the gain compression
factor under high bias currents. By fitting the chip frequency responses with different bias
currents, resonance frequency and damping factor values can be obtained. Finally, by considering
gain compression factor and nonlinear fitting resonance frequency and damping factor values under
different currents, parameters of rate equation model can be extracted.
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Fig. 1 The measured and fitted frequency responses of the

BJT-VCSEL for different bias currents
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Fig. 2 Square of relaxation resonance frequency as a

function of bias optical power
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Fig. 3 Damping rate as a function of bias optical power
AR 22 i A P05 2 A () P A e P T b
J7 3T 89 BHLJE IR Rk st 4R 3 037 T 19 AR A e &R
KL 4. B by e i EOE Ry 1.9 mW T,
PP UL G D7 v L B A K ot i 3 90 381 O A 1Y) 22
2 L 7 e O DX 2R AU A LR R UL RE 68

1.9mW

= Data
100 | - - - - Linear Fitting
Nonlinear Fitting

80 |

60 |

40 |

Damping rate/(x10%™")

20 F. -/

0 50 100 150 200 250 300
Resonance frequency?/GHz?

B4 PR EFRKeAR M ETFF kR
Fig. 4 Damping rate as a function of square of relaxation

resonance frequency



314 WAL A T RO 45 3 B I OMOLAS R O R S BRI 265

T o SRR & T T B A X AR S
e EOETI R 1.9 mW R [ S S 1 il £k L
P 5. NIEL S m i A Lk AU T ik B 00 R i )
24 T AT T S 0 N0k AT R i 7l £

O -

os)
2 -3 E
Q ~
5 - --- Data N
Z 6 = —-Linear model
i Nonlinear model
8 9}
=
= .
S -2} :

7'| 5 L L 1

0 5 10 15 20

Frequency/GHz

A5 ZWRERBAEIENLImW T, & BMUAHEAR,
I St LG AE AL FR ST 30 B4R B R i R X b
Fig.5 Comparison of the linear model, the nonlinear model
and the experiment data for frequency responses under

the bias optical power 1. 9 mW
i JE AR X RV Al B BJT-VCSEL #4445
Fw G BRI R T T AT ph = e S R S R
P R S5 B AT R A5 B R T Tk
N T A $E IS i 0L 4% 1.
*1 EXRFEENSBHOMNAHE

Table 1 Fitting values of rate equation model parameters

Parameters Value Unit
\%4 1.06X10 " cm?
G, 3.16X10°° em’s !
TP 5.7 ps
13 1.36X101' cm?
Ts 0.14 ns
r 0.035 —
N, 2.14Xx10" cm?
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