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Studies of Chirped Multilayer

Quantum Dot Lasers

Student: Ching-Yi Chang Advisor: Dr. C. P. Lee
Dr. GRay Lin

Department of Electronic Engineering and Institute of Electronics
National Chiao Tung university

Abstract

In this thesis, we investigate the characteristic of chirped multilayer quantum-dot
lasers. The self-assembled InAs/GaAs quantum dots were grown by molecular beam
epitaxy in the Stranski-Krastanow growth mode..The QDs layers in the active region
were designed to consist of three different-emission wavelengths, 1.27 ym. 1.22 um
and 1.14 um, by changing the thickness-of-the InGaAs capping layers. And the
stacking layers are two-stack. three=stack and five-stack in turns.

We measured the spectrum. LIV curve and these factors at cryogenic temperature.
The deduced threshold current density at infinite length is 60A/cm? for laser with
ridge width 125 ¢ m. Around room temperature, the characteristic temperature is 80
for laser with ridge width 5 ¢« m and cavity length 3mm. After package, the spectrum
analysis of the laser with ridge width 50 ¢ m and cavity length 3mm under test current
2.6A have a 4.4 dB dip between 1.27 xm and 1.22 x m peaks. Without this dip the
bandwidth can up to 50nm. The region of negative characteristic temperature was
observed at cryogenic temperature. Besides, when the temperature decreased, the
emission wavelength switches to shorter one. In other words, the lasing state switches
to higher state. These unusual phenomenons were explained in the framework of
nonequilibrium distribution of carriers over QD states.
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Material X Thickness(nm)
P+ contact layer GaAs 400
p-type cladding layer | Al(x)Ga(1-x)As 0.35 1500
Spacer GaAs 55
GaAs 33
QDsx5 In(x)Ga(1-x)As 0.15 1
InAs 0.8
GaAs 33
QDwmx3 In(x)Ga(1-x)As 0.15 3
InAs 0.8
GaAs 33
QDLx2 In(x)Ga(dl=x)As 0.15 4
InAs 0.8
Spacer GaAs 85
n-type cladding layer 7§ Al(X)Ga(1-x)As 0.35 1500
Buffer layer GaAs 500
N+ substrate GaAs
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Sample Ino.15Gao. ssAS & B Fpdp e k£ (um)
(nm) Ground State |Excited State

QD: 4 1. 27(1.27) 1.19

D0901 QD 3 1.23(1.215) 1.16

QDs 1 1. 17 1. 11

D0609 5 1.30 1.21

% 3-2 7 F InosGaossAs 5 B ¥ & 5PLE kA £

(455% i 5 3 F £ 5)enPL ok £)

Material X |Thickness(hm)
P+ contact layer +={GaAs 200
p-type cladding layer [Al(X)Ga(1-X)As 0.35 1500
GaAs 33
QDx10 In(x)Ga(1-x)As 0.15 5
InAs 0.8
spacer GaAs 33
n-type cladding layer |Al(X)Ga(1-x)As 0.35 1500
buffer layer GaAs 500
N+ substrate GaAs
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